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Subcellular Spice Trade Routes: Crocin Biosynthesis in the

Saffron Crocus (Crocus satious)

Saffron is produced from the stigmas and styles of
Crocus sativus flowers and is one of the most expensive
spices. In C. sativus, both stigma and style are intensely
crimson red in color due to the presence of three
major classes of apocarotenoids: crocins, picrocrocin,
and safranal. In addition to conferring color, these
apocarotenoids—along with about 150 other minor
components—give saffron its characteristic flavor,
which is associated with traditional dishes such as
zarda from Iran, paella from Spain, and bouillabaisse
from France.

The general biosynthesis route for the apocarot-
enoids is known (Fig. 1), but most of the individual
enzymes have not yet been identified in C. sativus. Zea-
xanthin, the common precursor for all three classes, is
cleaved by carotenoid cleavage dioxygenase 2 (CCD2)
into 3-OH-p-cyclocitral and crocetin dialdehyde.
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3-OH-p-cyclocitral is then converted in a multistep
reaction to safranal, the major aroma volatile of saf-
fron. Crocetin dialdehyde is first oxidized to crocetin
and subsequently glycosylated to form crocins. In con-
trast to earlier intermediates, crocins are soluble in the
aqueous environment of the vacuole, where they ulti-
mately accumulate.

In this issue of Plant Physiology, Demurtas et al.
(2018) describe the identification two enzymes in the
crocin biosynthesis pathway. Biochemical character-
ization of the enzyme ALDH3I1 demonstrates that it
catalyzes the oxidation of crocetin dialdehyde to form
crocetin, and the glycosyl transferase UGT74AD1 adds
the first sugars, producing crocins 1 and 2.

While the biochemical identification of these en-
zymes is an important step in understanding the cro-
cin biosynthesis pathway, an intriguing conclusion
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OH crocin1:R=a;R,=H
crocin2: R=R,=a
other known crocins:
crocin 2 : R=b; R,=H
crocin 3 : R1= a; Rl= b
crocin4:R=R=b

Figure 1. Crocin biosynthesis in C. sativus stigmas. A, Biosynthesis scheme adapted from Demurtas et al. (2018), indicating the
localization of the metabolite. B, Sugar moieties of crocins and picrocrocin. C, Naming convention of crocins.

Plant Physiology®, July 2018, Vol. 177, pp. 869-870, www.plantphysiol.org © 2018 American Society of Plant Biologists. All Rights Reserved. 869


http://crossmark.crossref.org/dialog/?doi=10.1104/pp.18.00662&domain=pdf

Commentary

of this paper comes from the detailed investigation
of the subcellular location of individual enzymes in
this pathway. CCD2 is localized to the interior of the
chromoplast, while ALDH3I1 is localized to the endo-
plasmic reticulum (ER). Both enzymes are predicted
to have a transmembrane helix, which would explain
their partitioning into insoluble and membranous sub-
cellular fractions. UGT74AD1, by contrast, was shown
to accumulate in the cytosol, where it associated with
the cytoskeleton or membrane structures, despite its
apparent lack of a transmembrane domain.

In recent years, large complexes of biosynthetic en-
zymes, termed metabolons, have been shown to be
important for efficient shuttling of substrate interme-
diates through various pathways. This is especially
true for secondary metabolites, which can represent a
major fraction of cellular metabolism in specific cells
and tissues (Laursen et al., 2015). However, in the case
of crocins, which can constitute approximately 10%
of the dry weight of saffron stigmas, Demurtas et al.
(2018) have shown that biosynthesis is spread across
at least three subcellular locations: chromoplasts, the
ER surface, and the cytosol. This may represent an in-
triguing example of the ER membrane functioning as
a hydrophobic highway that connects initial synthesis
of lipid-soluble intermediates in the chromoplast, fol-
lowed by the formation of water-soluble glycosylated
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products that ultimately accumulate in the vacuole.
The authors highlight a similar scenario in the case
of stevioside biosynthesis in Stevia rebaudiana leaves
(Brandle and Telmer, 2007), suggesting that this may
represent a more general mechanism for efficient sub-
cellular trafficking of secondary metabolites.
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