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Melatonin has been known as an animal hormone. However, melatonin exists in diverse organisms
including higher plants. The biosynthesis and physiological roles for melatonin in plants is still largely
unknown, although both dicot and monocot plants have melatonin and some medicinal plants even
contain large amounts of melatonin. In this study we detected melatonin in diverse Vo plants, in
which melatonin had not been examined so far, by reverse phase HPLC analysis, demonstrating the
wide existence of melatonin in the genus of Viola We then fed tryptophan (Trp) and tryptamine
(TAM) to the incubation medium for Viola leaf sections to test their effects on melatonin formation.
Trp is also the hypothesized starting material of melatonin in plants, and TAM is the following inter-
mediate produced by the decarboxylation of Trp. Trp feeding did not affect the contents of melatonin.
In contrast, TAM feeding clearly increased the level of melatonin in Viola leaves. Because TAM is de-
rived from Trp, we concluded that the Trp-TAM pathway exists in Vida plants as well.
Ineffectiveness of Trp feeding to the change of melatonin contents supports the hypothesis that the
decarboxylation step from Trp to TAM is the rate-limiting step in plant melatonin biosynthesis.
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Table 1. Standard extracts from the Korea Plant Extract Bank
which were used for melatonin detection by HPLC-FL

Extract Id from

entifi
the Plant Extract Bank Scientific name

A 003-029 Viola dissecta var. chaerophylloides
B 023-015 Viola dissecta var. chaerophylloides
C 004-087 Viola albich

D 005-077 Viola keiskei

E 028-077 Viola mandshurica

F 002-071 Viola japonica

G 005-068 Viola japonica

H 018-065 Viola variegata

I 025-097 Viola woosanensis

] 002-041 Viola tokubuchiana var. takedana
K 018-068 Viola websteri

L 004-067 Viola acuminata

M 027-081 Viola acuminata

N 015-053 Viola takeshimana

0 006-017 Viola grypoceras

P 014-013 Viola grypoceras

Q 020-017 Viola grypoceras

R 004-083 Viola verecunda
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Fig. 1. Schematic illustrations of the analytical procedures of
melatonin from Viola extracts obtained from Korea
Plant Extract Bank (KPEB; A) and from the Viola leaf
sections fed with a specified precursor of melatonin
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Fig. 2. Melatonin signals detected in the standard extracts
from the Korea Plant Extract bank. A and B: Viola
dissecta var. chaerophylloides, C: Viola albida, D: Viola
keiske, E: Viola mandshurica, F and G: Viola japonica
H: Viola variegata, 1. Viola woosanensis, |: Viola toku-
buchiana var. takedana, K: Viola websteri L and M:
Viola acuminata, N: Viola takeshimana, O-Q: Viola gry-
poceras, R Vidla verecunda. Fluorescence emission was
monitored at 360 nm with the excitation at 275 nm.
The sample Ids are indicated in Table 1.

MEHN| Z22A| MAME|= HEIEL ol HE

AgEd A4 Hx HATFEHQ Trpd tryptophan
decarboxylasedl| 9]ste] A=<= vIZ thy ©A o] FH
AL 2R TAM [16]& &3t o278 445 = 2=
Js HPLC FLE HZ389tH(Fig. 4). A8 Vioa 2&9
A& 4F g HE3 1 mMe Trp = TAMS
! ﬂ-EWO] A 08 oFE e dxdA
Aok AEE AFES AEE Y9 FH 55 AR

l

= OH _12
o2 &l

of¢ ol
- =

>
s
i



<5:. 30

.= A B C

8 20

c

3

a 10

Q

S

o

3 0 -

L o 5 1015 0 5 10 15 0 5 10 15 20
Time (min)

Fig. 3. Analysis of standard chemicals of tryptophan (Trp; A),
tryptamine (TAM; B) and melatonin (MEL; C). For
each analysis 0.2 nmoles of the chemicals were in-
jected to HPLC. Fluorescence emission was monitored
at 390 nm with the excitation at 245 nm.
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Fig. 4. Detection of melatonin after feeding of precursors to
Viola leaf sections. The hypothesized starting material
Trp (B and E) and the following intermediate TAM
(C and F) were included in the incubation medium
for 15 hr. MEL was analyzed both in the leaf extract
(A, B, C) and in the used incubation medium (D, E,
F). Fluorescence emission was monitored at 390 nm
with the excitation at 245 nm. Endogenous melatonin
appeared below the detection limit and was invisible
in these preparations, which were not highly
concentrated.
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Fig. 5. Proposed biosynthetic pathways of melatonin in plants.
TDC: tryptophan decarboxylase, TPH: trypto-
phan-5-hydroxylase, AADC: amino acid decarboxylase,
AANAT:  Serotonin  N-acetyltransferase, ~HIOMT:
Acetylserotonin N-methyltransferase. Pathways are re-
constituted based on recent reviews [13]. Solid lines
indicate the biosynthetic pathway supported by this
work. Dotted lines show the pathway dominantly
working in animal system.
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