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Abstract : Vinca alkaloids produced from Catharanthus roseus are one of the most important natural
product drugs in treatments of human cancers. These anticancer drugs are derived from coupling of the
two monomeric indole alkaloids, catharanthine and vindoline. In order to investigate vindoline
biosynthesis, tabersonine-CDs la is synthesized to use as a deuterium labeled precursor, which is
distinguished clearly from the natural counterpart. We show that these deuterium labeled tabersonine la
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are successfully incorporated into the vindoline biosynthetic pathway to yield three deuterated vindoline
intermediates. 16-Hydroxytabersonine-CDs (m/z 356) 2a, 16-Methoxytabersonine-CDs (m/z 370) 3a,
16-Methoxy-2,3~dihydro-3-hydroxytabersonine-CDs (m/z 388) 4a are produced from the cell suspension
culture measured by UPLC/MS at 5 and 13 days after feeding tabersonine. The conversion rates from
la to 2a and 2a to 3a are fast, whereas that from 3a to 4a is much slower. This indicates that the
rate determining step among the first three vindoline biosynthesis is the last step. As a result of the
slow conversion rate from 3a to 4a, the accumulation level of 16-Methoxytabersonine-CDs 3a is
significantly increased up to 13 days. The accumulation ratio among 2a, 3a and 4a is 1, 2 and 0.1 at 5
days. However, the peaks of desacetoxyvindoline-CDs 5a, deacetylvindoline-CDs; 6a and vindoline-CDs
7a are not found from the cell extracts even after 13 days of incubation which may indicate no

presence of their corresponding enzymes.

Keywords : Catharanthus roseus, vindoline biosynthesis, deuterium-labeled tabersonine, metabolic

prdfiling.
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Fig. 1. Medicinal plant, Catharanthus roseus.
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Scheme 1. Established biochemical conversions starting from tabersonine in vindoline
biosynthesis.  2:  16-Hydroxytabersonine, 3:  16-Methoxytabersonine,  4:
16-Methoxy—2,3—-dihydro—-3-hydroxytabersonine,  5: deacetoxyvindoline,  6:
deacetylvindoline. EIM. = exact mass. Solid black arrows indicate steps for which
a corresponding ¢cDNA has been characterized. An enzyme responsible for
hydration of 3 (dotted arrow) has not been detected. Abbreviation: TI16H,
tabersonine 16-hydroxylase; 160MT, 16-hydroxytabersonine
16-O-methyltransferase; NMT, 16-methoxy—2,3-dihydro-3-hydroxytabersonine N
methyltransferase; D4H, desacetoxyvindolin 4-hydroxylase; DAT, deacetylvindoline
acetyltransferase.
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Scheme 2. Synthesis of tabersonine-CDs 1la.
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Fig. 2. Procedures for metabolic profiling with deuterium-labeled tabersonine 1la.
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Fig. 3. LC/MS spectra of the cell suspension culture extract without substrate la as a

control.
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Fig. 4. LC/MS spectra showing production of CDs-labeled compounds from the C. roseus cell
extract at 5 days after supplemented with CDs-labeled tabersonine. Peaks at C, D and E

indicate deuterated compounds

derived from CDs-labeled tabersonine

in vindoline

biosynthesis. Starred peak already exists in control.
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Fig. 5. Exact mass spectra of deuterated compounds for extract components at 5 and 13 days

after feeding tabersonine-CDs; 1la.

A, B and C show mass spectra of newly formed

deuterated metabolites, 2a (m/z 3562, M+4) 3a (370.2, M+4) and 4a (3833, M +4),

respectively.

Table 1. UPLC/MS Data of Cell Extracts at 5 and 13 Days After Feeding Tabersonine-CDs la

Cpd Name m/z RT Ion Count Relative
# (M+4)  (min) (x 10%) Percentage (%)
b5day 13day bday 13day
la Tabersonine-CDs 340.2 7.84 2.3 - 1 0
9q L0~ hydroxytabersonine 3662 632 664 - 34 0
CDs
3a 16-methoxyltabersonine-CD 3702 318 1206 64.0 62 74
3
4a  Lomethoxy-23~dihydro-ta a0, 597 gy 26 3 26
bersonine—CD3
5a ((i:eDsacetoxyvmdohnef 402 B ND ND ND ND
3

* RT = retention time, ND = not detected
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Fig. 6. Relative percentages of deuterium-labeled
intermediates in the vindoline biosynthetic
pathways at 5 and 13 days after feeding
with deuterium-labeled tabersonine.
Exact Mass of tabersonine-CDs; la (m/z
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