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Cyclic tetrapyrroles occur throughout the plant kingdom and
include vital biosynthetic products such as chlorophyll and heme.
In plants, oxidative degradation of heme forms first biliverdin-IXR
and subsequently phytochromobilin, the precursor of the phyto-
chrome chromophore, an essential light sensing molecule.1 In
animals, oxidative degradation of heme also leads to the formation
of biliverdin-IXR, but it is transformed into the yellow-orange
pigment bilirubin-IXR. Here, we present spectroscopic and chro-
matographic evidence that bilirubin (Figure 1) is the major pigment
of the orange aril of Strelitzia nicolai Regel & Koern. (Strelitziaceae,
order Zingiberales), the white bird of paradise tree.

This is the first example of bilirubin in a plant,2 a finding which
likely necessitates the revision of the plant tetrapyrrole pathway
since there is currently no known mechanism of bilirubin production
in the plant kingdom.

S. nicolai is native to South Africa and widely cultivated in the
tropics. It produces woody capsular fruits which contain orange
arillate seeds. Analytical high-performance liquid chromatography
(HPLC) of the aril extract3 revealed one major peak, which had a
UV-visible spectrum with a maximum absorbance at 444 nm
(Figure S1). After purification using preparative scale HPLC, the
isolated pigment was analyzed by 1H NMR, 13C NMR (Brucker,
400 MHz, (CD3)2SdO), and liquid chromatography-positive ion
electrospray mass spectrometry (LC-ESI) (Thermo-Finnigan LCQ).

The 1H NMR and 13C NMR spectra of the isolated pigment
matched published values of authentic bilirubin4,5,10 (Tables S1
and S2). Identification was further supported by 1H NMR analysis
of bilirubin standard (Aldrich). This yielded a spectrum which
matched that of the S. nicolai pigment. Both the positive ion ES
mass spectrum and the product ion spectrum matched those of
authentic bilirubin standard and previous published data6 (molecular
ion, m/z 585 (M + H)+, product ion m/z 299).

Given the unexpected discovery of bilirubin in plants, it was
essential to confirm the identity of the pigment as bilirubin-IXR,
and not other isomers. Previous chromatographic studies have
demonstrated that the ability of bilirubin-IXR to undergo intramo-
lecular hydrogen bonding makes it significantly less polar than
bilirubin-IX �, γ, or δ7,8 (Figure 1).

In our HPLC analyses, a single peak was observed when
bilirubin-IXR standard was coinjected with the isolated pigment,
thereby eliminating the possibility that the pigment was bilirubin-
IX �, γ, or δ. Furthermore, the visible spectrum of bilirubin-IXR
has an intense peak at 458 nm in dimethylsulfoxide (DMSO), which
is approximately 50 nm longer than bilirubin-IX �, γ, or δ.7 Other

bilirubin isomers, including bilirubin-IIIR and bilirubin-XIIIR, were
eliminated because their 1H NMR spectra are substantially differ-
ent.9

The occurrence of bilirubin is not restricted to S. nicolai. Two
other species in the Strelitziaceae, Phenakospermum guyanense
Endl., and S. reginae Aiton, the bird of paradise, contain aril
pigments which coeluted with authentic bilirubin in HPLC and had
similar UV-visible spectra. We are currently examining species
in related families. This information, in combination with studies
on the synthesis of bilirubin-IXR in S. nicolai, will provide the
basis for a more thorough understanding of the evolutionary origin
of this pigment in plants.
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Figure 1. Bilirubin-IXR demonstrating intramolecular H-bonding.
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