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Investigación

Identification of Kaempferol 3-O-α-L-rhamnoside as a Biotransformation
Product of Alternaria tagetica

Pilar E. Granja-Pérez, M. Marcela Gamboa-Angulo, Fabiola Escalante-Erosa and Luis M. Peña-Rodríguez*

Grupo de Química Orgánica, Unidad de Biotecnología, Centro de Investigación Científica de Yucatán, A.C., 
Apartado Postal 87, Cordemex, Mérida 97310, Yucatán, México.

Resumen. El flavonoide glucosídico ramnósido de 3-O-α-L-kaemfer-
ol (1) fue identificado por comparación de sus datos espectroscópicos
(IR, EM, RMN 1H y 13C) con los reportados en la literatura, como el
metabolito mayoritario presente en el extracto orgánico crudo de
Alternaria tagetica cuando es crecido en un medio líquido contenien-
do una mezcla de jugo V-8 enriquecido con infusión de cempazúchitl
(Tagetes erecta L.). Aun cuando 1 no fue observado en el medio sin
inocular, su aglicona correspondiente, kaempferol (2), fue detectado
por CLAR y CCD después de tratamiento ácido de la infusión de
cempazúchitl y su correspondiente extracto orgánico crudo.
Palabras clave: Alternaria tagetica; Tagetes erecta; metabolitos de
hongos; biotransformación; flavonol; glicósido; kaempferol.

Abstract. The flavonoid glycoside kaempferol 3-O-α-L-rhamnoside
(1) was identified, by comparison of its spectroscopic data (IR, MS,
1H and 13C-NMR) with those reported in the literature, as one of the
major metabolites present in the organic crude extract of Alternaria
tagetica when grown in a liquid medium containing a mixture of V-8
juice and a marigold (Tagetes erecta L.) infusion. Although 1 was not
observed in the uninoculated medium; its corresponding aglycone,
kaempferol (2), was detected both by HPLC and TLC after acid treat-
ment of the marigold infusion and its corresponding organic crude
extract.
Key words: Alternaria tagetica; Tagetes erecta; fungal metabolites;
biotransformation; flavonol; glycoside; kaempferol.

Introduction

Fungi are heterotrophic organisms lacking chlorophyll and
unable to synthesize their own food. There are several species
that are of economic importance due to their ability to either
produce metabolites of interest for the pharmaceutical indus-
try, to be of use in industrial processes, or because of their
capacity to infect both animals and plants [1-3]. 

Phytopathogenic fungi have long been recognized as the
main cause of serious economic losses due to their severe
infection of agricultural crops. One of the most important dis-
eases caused by species of the genus Alternaria is the early
blight of marigold (Tagetes erecta L.) plants caused by
Alternaria tagetica [4-7]. In Mexico, marigold plants are
widely used as ornamentals, in religious cults and for their
medicinal properties; however, the economic importance of T.
erecta is given by the presence of carotenoid pigments, partic-
ularly lutein and zeaxanthin, in its flowers and the use of these
pigments in the chicken feed industry. It has been reported that
infection of marigold plants by A. tagetica can cause losses of
up to a 100% in flower yields when conditions are favourable
[8-10]. While it is known that phytopathogenic fungi produce
toxic metabolites, commonly known as phytotoxins, as recog-
nition factors and to break down the defensive barriers of the
plant, to date little is known about the secondary metabolites

produced by A. tagetica. A previous investigation on the fun-
gus reported the obtention of two phytotoxic fractions, where
the main component of one of them was identified as zinniol,
a non-specific toxin commonly produced by species of the
genus Alternaria [9, 10]. 

As part of a project directed towards the detection, isola-
tion and identification of the phytotoxic metabolites produced
by A. tagetica, we wish to report herein the isolation of
kaempferol 3-O-α-L-rhamnoside (1) as a biotransformation
product of the fungus when grown in an undefined medium.

Methods and Materials

General. IR spectra were recorded on a Nicolet Magna 750
FT-IR spectrophotometer. 1H and 13C NMR spectra, as well as
the 1H- 1H COSY, DEPT and HMQC experiments, were
recorded at 300 or 500 MHz on a Varian Unity 300 or a Varian
Unity Plus 500 spectrometers. GC/MS analyses were per-
formed on a Hewlett-Packard 5890 Gas Chromatograph [0.5
µL of a 1% sample, Ultra 2HP column (25 m × 0.32 mm × 0.52
mm), flow rate: 1 mL/min, injection temperature: 300°C,
detector temperature: 290°C] coupled to a Hewlett-Packard
5971A mass selective detector. LREIMS and FABMS spectra
were recorded using a JEOL-JMS AX 505 HA and a JEOL-



JMS-SX 102-A spetrometers, respectively. HPLC analyses
were carried out using a Milton Roy CM4000 Liquid Chroma-
tograph [Hypersil ODS C18 reverse phase column (Alltech,
250 × 4 mm), flow rate: 2 mL/min, gradient elution (A:B,
75:25 to 40:60 in 15 min; solvent A: H2O:CH3COOH (95:5),
solvent B: MeOH], detector set at λ 370 nm equiped with a
triple pump module and a variable wavelength UV-vis detec-
tor. Analytical TLC was conducted on E.M. Merck aluminum-
coated silica gel 60 F254 sheets (0.20 mm thickness); the com-
ponents were visualized first under UV light and then by dip-
ping the plates in 4% phosphomolybdic acid containing a trace
of ceric sulfate in 5% sulfuric acid, followed by drying and
heating at 105°C for 3-4 min. Columns used in vacuum liquid
chromatography (VLC) [11, 12] purifications were packed
with silica gel 60 (TLC grade) from Aldrich Chemical Co.

All culture media were prepared in the laboratory and, as
it was done for the rest of the material, sterilized at 15 lb/in2

of pressure and 121ºC for 15 min in a horizontal autoclave
(Industrias Man Play, 0.25 m3 of capacity). Microbiological
procedures were carried out under aseptic conditions using a
vertical flow laminar hood (VECO). The plant material used
in both bioassay procedures and leaf infusion preparation
came from Tagetes erecta plants (clone No. C16M9P31) culti-
vated in greenhouses. 
Fungal culturing. The strain of Alternaria tagetica Shome &
Mustafee used in this investigation was purchased from the
American Type Culture Collection (ATCC 5877). Parent cul-
tures of the fungus were kept in the laboratory, at room tem-
perature and under natural light, for 12 days in slant tubes
containing V-8 juice-agar medium (5% of “Campbell’s” V-8
juice and 2% of agar). A portion of the mycelium of the parent
culture was used to inoculate V-8 juice-agar petri dishes
where A. tagetica was allowed to grow for 15 days under lab-
oratory conditions. A spore suspension (ca. 1 mL) of the fun-
gus was used to inoculate a Fernbach flask containing 0.5 L of
CZ8 medium (250 mL of V-8 juice, 0.5 g of CaCO3, and 250
mL of an infusion prepared by boiling 20 g of leaves of T.
erecta in 1 L of distilled water for 30 min plus 0.75 of
KH2PO4 and 0.75 g of MgSO4). The liquid cultures were
allowed to grow in the laboratory for 21 days, under stationary
conditions. The mycelial mat was separated from the broth by
gravity filtration through two layers of cheesecloth and two of
paper towels, air dried and extracted with ethylacetate. The
culture filtrate was passed through Whatman No. 1 filter paper
and then extracted three times with ethylacetate (ratio of sol-
vent to filtrate 2:1, 1:1, 1:1); evaporation of the solvent under
reduced pressure yielded the corresponding organic crude
extract (ca. 0.89 g/L). Filtrates before and after extraction,
together with the corresponding organic and mycelium extrac
ts, were evaluated for phytotoxic activity using the leaf-spot
assay [13] against marigold leaves. Phytotoxic activity was
observed in the organic crude extract when tested at 0.5%
(necrosis). 
Purification of metabolites. The phytotoxic organic crude
extract (1.92 g) was suspended in a 9:1 mixture of water-
methanol (ca. 100 ml of solution/200 mg of crude extract) and

the resulting suspension successively partitioned between
hexane (2:1, 1:1, 1:1), ethylacetate (2:1, 1:1, 1:1) and n-
butanol (2:1) to yield the low (243.7 mg), medium (857.6 mg)
and high (141.0 mg) polarity fractions, respectively. Leaf-spot
assay of the crude fractions showed that the strongest activity
( necrosis at 0.5%) was located in the ethylacetate fraction.

An initial VLC purification of the medium polarity frac-
tion, using a silica gel bed 4.5 cm high and 4.5 cm wide and a
gradient elution with mixtures of hexane-acetone-methanol,
yielded three main fractions (I-III). TLC analysis of fraction I
(21.5 mg) showed the presence of a single component having
an Rf value of 0.30 in hexane-acetone 8:2; however, GC-MS
analysis of the same fraction indicated the presence of at least
three main components which were identified as ergosterol (Rt
= 20.32 min), stigmasterol (R t = 20.60 min) and γ-sitosterol
(Rt = 21.21 min), by comparing the fragmentation patterns of
their mass spectra with those stored in the data base library of
the mass detector.
Ergosterol: MS: m/z (rel. int.): [M+] 400 (83), 382 (35), 367
(28), 315 (46), 289 (40), 255 (24), 159 (28), 145 (43), 105
(47), 43 (100). 
Stigmasterol: MS: m/z (rel. int.): [M+] 412 (20), 351 (8), 255
(20), 213 (15), 159 (26), 133 (26), 83 (52), 55 (100). 
γ-Sitosterol: MS: m/z (rel. int.): [M+] 414 (30), 396 (12), 381
(10), 329 (21), 303 (20), 255 (16), 213 (22), 145 (32), 43 (100). 

Fraction II (38.1 mg) also showed a single component on
TLC having an Rf value of 0.47 in ethylether-hexane 60:40.
However, and similarly to Fraction I, GC analysis of Fraction
II indicated the presence of two major components identified
as hexadecanoic acid (Tr = 7.88 min) and Z-9-octadecanoic
acid (Rt = 10.01 min) as described above.
Hexadecanoic acid: MS: m/z (rel. int.): [M+] 256 (12), 213
(11), 129 (30), 97 (12), 73 ( 100). 
Z-9-octadecanoic acid: MS: m/z (rel. int.): [M+] 282 (4), 264
(9), 97 (38), 69 (70), 55 (100). 

Fraction III (179.0 mg) was subjected to a VLC purifica-
tion, using a silica gel bed 4.0 cm high and 2.5 cm wide and a
gradient elution with mixtures of hexane-acetone-methanol,
which resulted in the obtention of a major fraction (43.4 mg)
showing a single, UV visible (short wave), component on
TLC (Rf 0.25 in dichloromethane-ethylacetate-methanol
5:4:1). A part of this purified fraction (11.0 mg) was further
cleaned by filtering it through a bed of silica gel (70-230
mesh), using a mixture of dichloromethane-ethylacetate-
methanol (5:4:1) as the eluent, to yield 7.2 mg of pure
kaempferol 3-O-α-L-rhamnoside (1), identified on the basis of
its spectroscopic data and by comparing its data with those
reported in the literature. IR (film): 3370 (stretching, O-H),
2933 (stretching, C-H aliphatic), 1656 (stretching, C=O α,β-
unsaturated), 1610 (stretching, C-C aromatic), 1362 (stretch-
ing, ether C-O), 1280 (stretching, aliphatic alcohol C-O), and
1176 (stretching, phenol C-O) cm–1. 1H NMR (CD3COCD3,
500 MHz): δ 12.72 (1H, s, Ar-O-H’’’’’’’’O=C), 7.86 (2H, dd,
J = 7.0, 2.0 Hz, H3, H5’), 7.02 (2H, dd, J = 7.0, 2.0 Hz, H2’,
H6’), 6.48 (1H, d, J = 2.0 Hz, H8), 6.27 (1H, d, J = 2.0 Hz,
H6), 5.55 (1H, d, J = 1.5 Hz, H1’’), 4.22 (1H, dd, J = 3.0, 1.5
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Hz, H2’’), 3. 69 (1H, dd, J = 9.0, 3.5 Hz, H3’’), 3.34 (1H, dd,
J = 9.2, 9.0 Hz, H4’’), 3.31 (1H, m, H5’’), 0.90 (3H, d, J =
5.5 Hz, H6’’). 1H NMR (CD3OD, 300 MHz): δ 7.77 (2H, dd,
J = 6.9, 2.1 Hz, H2, H6’), 6.93 (2H, dd, J = 6.0, 2.1 Hz, H3’,
H5’), 6.38 (1H, d, J = 2.1 Hz, H8), 6.20 (1H, d, J = 2.1 Hz,
H6), 5.37 (1H, d, J = 1.8 Hz, H1’’), 4.22 (1H, dd J = 3.6, 1.5
Hz, H2’’), 3.71 (1H, dd, J = 9.1, 3.6 Hz, H3’’), 3.37 (2H, m,
H4’’, H5’’), 0.92 (3H, d, J = 5.7 Hz, H6’’). 13C NMR:
(CD3OD, 75 MHz): δ 170.5 (s, C-4), 166.0 (s, C-7), 163.2 (s,
C-5), 161.6 (s, C-4’), 159.3 (s, C-9), 158.5 (s, C-2), 136.2 (s,
C-3), 131.9 (d, C-2’/C-6’), 122.6 (s, C-1’), 116.5 (d, C-3’/C-
5’), 105.9 (s, C-10), 103.5 (d, C-1’’), 99.8 (d, C-6), 94.7 (d, C-
8), 73.1 (d, C-5’’), 72.1 (d, C-3’’), 72.0 (d, C-4’’), 71.9 (d, C-
2’’), 17.6 (q, C-6’’). MS: m/z (rel. int.): 339 (11) [M+ –
C6H5O], 286 (34) [M+ – C6H11O4], 147 (19) [C6H11O4], 129
(35) [C6H11O4 – H2O], 111 (33) [C6H11O4 – 2H2O], 97 (50)
[C6H11O4 – 2H2O – CH3 + H].
O,O,O,O,O,O-kaempferol-3-O-α-L-rhamnoside-hexaace-
tate (1a). A mixture of 20.9 mg of 1, 0.5 ml of pyridine and 1
ml of acetic anhydride was allowed to stir at room tempera-
ture for 24 h. The total consumption of the starting material
was confirmed by TLC and the crude acetylated product was
recovered in the usual manner and purified by passing it
through a silica gel bed (70-230 mesh), using hexane-acetone
68:32 as eluent, to afford 8.7 mg of pure acetylated product
(1a). IR (CHCl3): 2960, 2930 y 2860 (stretching, aliphatic C-
H), 1750 (stretching, ester C=O), 1650 (stretching, C=O α,β-
unsaturated), 1640 (stretching, C-C aromatic), and 1370
(stretching, ether C-O). 1H NMR (CDCl3, 300 MHz): δ 7.92
(2H, bd, J = 9.0 Hz, H2’, H6’), 7.29 (1H, bd, J = 9.0 Hz, H3’,
H5’), 7.29 (1H, d, J = 2.1 Hz, H8), 6.84 (1H, d, J = 2.1 Hz,
H6), 5.64 (1H, dd, J = 3.4, 1.8 Hz, H2’’), 5.58 (1H, d, J = 1.8
Hz, H1’’), 5.25 (1H, dd, J = 10.5, 3.3 Hz, H3’’), 4.92 (1H, dd,
J = 9.9, 9.9 Hz, H4’’), 3.26 (1H, dq, J = 9.6, 6.3 Hz, H5’’),
2.44 (3H, s, CH3-COO-Ar), 2.35 (3H, s, CH3-COO-Ar), 2.33
(3H, s, CH3-COO-Ar), 2.13 (3H, s, CH3-COO-R), 1.99 (3H, s,
CH3-COO-R), 1.98 (3H, s, CH3-COO-R), 0.87 ( 3H, d, J =
6.3 Hz, H6’’). 13C-NMR (CDCl3, 75 MHz): δ 172.1 (s, C-4)
169.9 (s, -COO-R), 169.5 (s, -COO-R), 169.3 (s, -COO-R),
168.6 (s, -COO-R), 167.9 (s, -COO-R), 156.6 (s, C-7), 155.2
(s, C-5), 153.8 (s, C-4’), 152.2 (s, C-9), 150.3 (s, C-2), 136.9
(s, C-3), 130.1 (d, C-3’, C-5’), 127.4 (s, C-1’), 122.1 (d, C-2’,
C-6’), 115.1 (s, C-10 ), 113. 5 (d, C-1’’), 108.9 (d, C-6 ), 97.9
(d, C-8), 70.2 (d, C-5’’), 69.0 (d, C-3’’), 68.7 (d, C-4’’), 68.3
(d, C-2’’), 21.1 (q, CH3-COO-R), 21.0 (q, 2CH3-COO-R),
20.6 (q, CH3-COO-R), 20.0 (q, CH3-COO-R), 16.9 (q, C-6’’).
MS: m/z (rel. int.): 412 (89) [M+-C12H17O7], 370 (44) [412 –
CH3-CO- + H], 328 (31) [412 – 2CH3-COO- + H], 286 (34)
[412 – 3CH3-COO- + H], 273 (92) [C 12H17O7], 111 (93)
[C6H11O4 – 2H2O – CH3], 43 (70) [-CH3]. FAB(+): m/z (rel.
int.): 685 (3) [M+ + H], 412 (7) [M+-C12H17O7], 371 (8) [412
– CH3-CO- + 2H], 329 (8) [412 – 2CH3-COO- + 2H], 273
(76), 257 (8), 213 (7) [C12H17O7], 111 (70) [C6H11O4 – 2H2O
– CH3], 43 (100) [-CH3].

Purification of blank. One liter of uninoculated CZ8
medium was kept for 21 days under laboratory conditions and

then subjected to the same extraction and partition procedures
as those described for the fungal culture. Similar purification
of the medium polarity fraction (180.6 mg) yielded Fractions I
and II containing the sterols and fatty acids mixtures described
above.

Acid hydrolysis of 1. A solution of 1 (1.2 mg) in sulfuric
acid (2 ml) was heated (70°C) until TLC analysis showed that
total hydrolysis of the starting material had occured (3 h). The
reaction mixture was poured into 10 ml of distilled water and
the resulting suspension was extracted three times with ethyl-
acetate (2:1, 2:1, 1:1, v/v). Evaporation of the organic solvent
under reduced pressure afforded 0.77 mg of the corresponding
aglicone, identified as kaempferol (2) by direct comparison on
TLC (Rf 0.67, dichloromethane-methanol 85:15) and HPLC
(Rt = 18.17 min) with an authentic sample (Sigma).

Acid hydrolysis of various extracts. The organic crude
extracts from the infusion of T. erecta (3 mg) and the V-8
juice medium (6 mg), together with the organic crude extract
from A. tagetica cultures, were subjected to acid hydrolysis as
described above. Presence of kaempferol (2) was only detect-
ed in both the organic extracts from the marigold infusion and
the fungal cultures.

Results and Discussion

The phytotoxic organic crude extract from cultures of A.
tagetica was initially fractionated following a solvent partition
procedure. A leaf-spot assay evaluation of the crude extract
and the resulting fractions indicated the presence of strong
phytotoxic activity in the most abundant, medium polarity
fraction. Successive chromatographic purifications of the phy-
totoxic fraction resulted in the obtention of three main frac-
tions, I, II and III, each showing a single component by TLC.

GC-MS analysis of fraction I showed the presence of
three main components, the most abundant (Rt = 20.6 min)
having a parent ion peak at m/z 412 and a fragmentation pat-
tern [fragment ion peaks at m/z 255 (M+-H2O-C10H19) and 213
(255-42)] characteristic of sterols [14, 15]. This product was
identified as stigmasterol by comparing its fragmentation pat-
tern with those of other metabolites stored in the data base of
the mass detector. Similarly, the other two minor components
(Rt = 21.21 and 20.32 min), showing parent ion peaks at m/z
414 and 400, were identified as γ-sitosterol and ergosterol,
respectively. 

Fraction II, when analyzed by GC-MS, also showed the
presence of more than the one component detected by TLC.
The two products observed in the chromatogram (Rt = 7.88
and 10.01 min) presented parent ion peaks at m/z 256 and 282
and a fragmentation pattern characteristic of fatty acids [16].
These products were identified as hexadecanoic acid and Z-9-
octadecenoic acid in the same manner as described above.

The type and mixture of metabolites present in fractions I
and II are characteristic of those found in plant species.
Taking into account that the culture medium used to grow the
fungus is a mixture of V-8 juice and an infusion of Tagetes
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erecta, it was important to establish whether these sterol and
fatty acid mixtures were being produced by the fungus or had
their origin in the marigold infusion used to prepare the liquid
medium. For this, the organic crude extract of the uninoculat-
ed culture medium was subjected to the same solvent partition
and purification procedures as described for that of the fungal
cultures. These procedures resulted in the obtention of both
fractions I and II, clearly establishing that both mixtures of
sterols and fatty acids are not fungal products but have their
origin in the culture medium.

The main component present in fraction III was not detect-
ed, neither by TLC nor by GC-MS, in any of the fractions
resulting from the purification of the uninoculated medium,
confirming its nature as a fungal metabolite. Additional, suc-
cessive purifications of fraction III yielded a single, highly
polar metabolite in pure form which, when treated under acety-
lation conditions, yielded a peracetylated derivative. A detailed
analysis of the spectroscopic data (IR, MS, 1H and 13C NMR,
1H-1H COSY and HMQC) for both the natural product and its
esterified derivative, and comparing the data with those report-
ed in the literature [16-18], allowed their identification as
kaempferol 3-O-α-L-rhamnoside (1) and kaempferol 3-O-α-L-
rhamnoside-hexaacetate (1a), respectively. 

Flavonoids are plant pigments having a C6-C3-C6 skeleton
originated biosynthetically from cinnamic acid. These
metabolites are widely distributed in plant species as both gly-
cosides and their corresponding aglycones, but they do not
generally occur in algae and are seldom found as fungal prod-
ucts. There are, however, a number of flavonoids produced by
fungi including chloroflavin and a dihydrochalcone from
Aspergillus candidus and Phallus impudicus [19], respectively
and two C-methyl-flavonols reported recently from Colleto-
trichum dematium f.sp. epilobii [20]. 

Although 1 was not detected in any of the fractions
obtained after purification of the uninoculated medium, it was
decided to explore the possibility of 1 being a product of bio-
transformation by A. tagetica. To establish this, the organic
crude extracts from the uninoculated medium, the V-8 juice
and the aqueous infusion of T. erecta were subjected to an
acid hydrolysis and their products analyzed by both TLC and
HPLC for the presence of kaemferol (2), the corresponding
aglycone obtained by a similar treatment of 1. The aglycone 2
was detected in both hydrolyzates from the organic extracts of
the uninoculated medium and the aqueous infusion of T. erec-
ta but not from that of the V-8 juice; these results indicated
that 1 originates as a result of a biotransformation by A. tage-
tica of a different glycoside of 2 present in the aqueous infu-
sion of T. erecta.
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