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Cell suspension cultures of Selanum laciniatum were able o transform exogenously inoculated
salicyl alcohol into salicyl alcohol 7-O-3-D-glucopyranoside (isosalicin). The highest level of
isosalicin (54.6mg/g dry weight) in the cells was formed within 2 days after inoculation with
salicyl alcohol (37.5 mg/flask containing 50 ml of medium). The biotransformation capacity of
the cell suspension cultures was about 31.1%.

Keywords: Solanum laciniatum; Biotransformation; Bioconversion; Glucosylation;
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INTRODUCTION

Plant cells cultures can be used not only for the production of secondary
metabolites but also for the biotransformation of various compounds.
Various plant cell cultures are capable of glycosylating a varicty of exoge-
nously supplied compounds [1}. The glucosylation of simple phenols (e.g.
salicylic acid and salicyl alcohol) by some cell suspension cultures have
been reported by Umetami ¢/ a/. [2]. Mizukami e /. [3] have reported the
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formation of salicin from salicyl alcohol in cell suspension cultures of
Lithospermum ervthrorhizon and Gardenia jasminides, and Dombrowksi [4]
has reported the transformation of salicyl alcohol into salicin and isosalicin
in cell suspension cultures of Salix matsudana.

Although cell suspensions of solanum species (e.g. Solamum aviculare.
Solanum mammosum) did not produce solasodine [5.6], the cultures can
transform some exogenously inoculated substrates. Ccll suspension cultures
of Solanum aviculare have been shown to be able Lo translform some cxo-
genously inoculated natural and synthetic substances. e.g. (4)-3-carene.
citronella, thujol, thujone, ¢is and trans verbenol, verbenone and (—)-limo-
nene [7]. Callus cultures of Solanum mammosum can transform progester-
one into S-pregnene-3,20-dione {8]. Syahrani et «/. [9.10] have reported that
cell suspension cultures of Solwmnum mammoswm have the ability 1o trans-
form salicylamide into salicylamide 2-O-3-D-glucopyranoside and salicyl
alcohol into salicyl alcohol 2-O-3-D-glucopyranoside (salicin).

In this report, we describe the formation of isosalicin (1) from exoge-
nously supplied salicyl alcohol (2) in the cell suspension cultures of Seolu-
num laciniatum (see Fig. 1),

HO

HOH,C

FIGURE | The structure of isosalicin (1) salicvi aleohol (23 and sahcin (3y.
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RESULTS AND DISCUSSION

The toxicity of 2 towards Solanum laciniatum cell suspension cultures was
investigated for concentrations in the range 500—1500 mg/l. Cell death was
observed al higher concentrations (1500, 1250 and 1000 mg/l). At con-
centrations lower than 750 mg/l, cells survived but did not grow. In all of
the experiments, 750mg/l of 2 was administered. The foregoing experi-
ments indicated that cell suspension cultures of Solanum laciniatum were
able to tolerate a lower concentration of 2, as substrate, than was the casc
for cell suspension cultures of Solanum mammosum [9,10].

TLC analysis showed the presence of metabolite 1 (Ry 0.32) in cell
extracts. Two control experiments showed that in the absence of cells, 2
(Ry 0.70) remained unchanged in the control medium, and 1 was only pro-
duced when 2 was added to the suspension cultures. The metabolite 1
exhibited a similar Ry value and UV absorbance reflectance spectrum to
that determined for an authentic specimen of salicin (3) (Sigma).

The '*C NMR spectrum of 1 was similar to that of 3 [10], except for the
occurrence of the aryl methylene signal at 65.0 ppm. This signal exhibited a
downfield shift of about 7 ppm, compared with that of the equivalent reso-
nance of 3 [10]. Five of thc methine and one of the methylene signals could
be assigned to a glucopyranosyl unit (see Table I). The '"H NMR spectrum
of 1 included a signal at 4.33 ppm (d, J = 7.7 Hz) attributable to a J-oriented
anomeric methine proton. HMBC data (Table 1) established that the
3-glucopyranosyl unit was attached to C-7. Irradiation of the glucosyl H-1’
resonance in a NOE-difference experiment enhanced H-6 (7.45ppm), H-7A
(4.64 ppm), H-3’ (3.22ppm) and H-5' (3.19 ppm), thereby confirming 1
to be a 7-O-3-glucopyranoside (isosalicin). A complete assignment of the
'H and °C NMR spectra of 1, determined in DMSO-d, is presented in
Table L. To our knowledge, this is the first complete assignment of the 'H
and "*C NMR resonances of isosalicin.

The time course of formation of 1 from 2 in ccll suspension cultures of
Solanum laciniatum is shown in Fig. 2. Quantitative analyses showed that
the greatest level of 1 (28.9 mg/flask equivalent to 54.6 mg/g dry weight)
was formed in the cells 2 days after the inoculation of 37.5mg of 2 in a
flask containing 50 ml of medium each (i.e. an inoculation level 750 mg/l).
Glucoside 1 was not detected in the medium during the 14 day incubation
period. On the other hand, salicy! alcohol was detected in the medium dur-
ing the [irst 2 days of the incubation period.

The maximum glucosylation capability of cell suspension cultures of
Solanum laciniatum reported here, namely a 31.1% conversion 2 to 1, is
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TABLET 11 und "C NMR spectral data determined for compound 1

¢ e YHY 11-H COSY NOF 'HOVC HMBC
-1 1244
.2 84
9.45
(hrs, OH)
C-3 1148 6.86 (m) H-4. H-5 C-1.C-2.C-5
C-4 12801 7.16 H-3, H-5. H-6 H-3. H-5 2,046
(ddd. 1.8, 7.4, 8.0)
C-3 1187 6.85 (m}) H-4. H-6. 1I-3 -2
C-6 1286 7.45 H-5. H-4 II-5.TE-7A. C-2,C- -7
Wdd 1.7.7.5) H-7B. H-1'
-7 650 4.64 H-7B H-6. H-7B, H-17 -1, C-1.C-2.C-6
(d. 12.9)
4.86 H-7A H-6. H-7A C-1C-1.C-2.C-0
(d. 12.9)
171024 4.33 11-27 [-6. H-7A. ¢ C7. 030
(d.7.7) H-3' H-5’
20 736 312 H-1', H-3’.2"-OH
(m. Hax)
512 H-2'
(br d. 4.6 OH)
-3 768 3.22 H-2'. H-4'. 3"-OH
(m. Hax)
498 H-3'
(br d. 4.6 OID)
-4 70.2 318 H-37.4°-011
(m. Hax)
4.95 H-4' C-3C-5 O
(hrd. 4.8 OH)
-5 769 319(m) H-6'A
C-6" 61.0 3.55 H-5', H-6’B. 6’-OH -4, C-5
(ddd, 5.7.5.7.11.7)
3.78 H-6'A. 6'-OH 47
(ddd. 1.9, 5.7.11.7)
4.58 H-6'A. H-6'B C-5".C-67

(or 1. 5.8 OH)

! Sigual multiphicitics and coupling constants (Hz) are given in brackets,

cssentially the same as that reported previously for Gardenia jasminoides
(30%) 3], but significantly lower than that found for Salix matsudana
(48%%) [4] and Solanum mammosum (51%) [10]. To our knowledge this is
the first report ol the biotranstformation of salicyl alcohol into its glucoside 1

(isosalicin) by cell suspension cultures of Solwuan laciniatum. Qur results
showed that cell suspension cultures of Solanum laciniatum can glucosylate
exogenously introduced substrates. Some biotransformation studies using

other exogenous substrates are in progress in our laboratory.
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FIGURE 2 The time course of the biotransformation of salicyl alcohol (2) to isosalicin (1)
by cell suspension cultures of Solanum laciniatum. Values represent mean £ SD (n=4).

EXPERIMENTAL SECTION

General Procedures

The UV absorbance reflectance spectrum were recorded on a Shimadzu
CS-930 TLC-Scanner. 'H (400.13 MHz) and '*C NMR (100.26 MHz), and
COSY, ROESY, HMBC and HMQC spectra of 1 were determined in
DMSO-d, using a Bruker DRX 400 spectrometer. HMBC and HMQC
(phase sensitive) spectra were obtained with gradient selection. NOE-
difference spectra were determined at 300.13 MHz using a Bruker AC 300
spectrometer.

Cell Suspension Cultures

Cell suspension cultures were initiated from previously established shoot
cultures of Solanum laciniarum Ait. (code sl-4) provided by Prof. Dr. AW.
Alfermann, University of Diisseldorf, Germany. The suspension cultures
were cultivated in 300 ml Erlenmeyer flask containing 50ml of modified
Murashige and Skoog medium [11] supplemented with sucrosc (30g/l),
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kinetin (2mg 1), NAA (I mg/l) and casein hydrolisate (1 g/1). Flasks were
shaken on a rotury shaker (120rpm) at 25+ 1"C under continuous light
(ca. 2000 Ix).

Toxicity and Biotransformation Experiments

Cells (10 g fresh weight) were inoculated into liguid medium (50 ml) without
2 (control culture) and into liquid medium containing various concentra-
tion of 2 (500. 750, 1000, 1250 and 1500 mg/l). After 7 days incubation the
cultures were harvested, collected, filtered, weighed. dried and powdered.
The standard protocol for the biotransformation experiment was as {ol-
lows: cells (10g fresh weight) were moculated into a 300ml Erlenmceyer
flask containing 50 ml of medium, 2 (750 mg/l) was added and the mixture
cultured for 1--7 days.

Extraction, Isolation and Purification of 1

The oven dried (40°C) powdered biomass (9.75 g) collected from 15 Erlen-
meyer flasks was refluxed (2h) in MeOH. The McOH extract was con-
centrated under reduced pressure o afford a residue (2.13g) which was
submitted to silica gel 40 (70 230 Mesh ASTM) (E. Merck) column chro-
matography and preparative TLC using silica gel 60 GF 254 (E. Merck)
(Solvent system: EtOAc/MeOH/H,0 77:13:10) to give 1 (36 mg).

Quantitative Analysis of 1 and 2

The concentration of 1 and 2 in the medium and the biomass were deter-
mined densitometrically using a Shimadzu CS 930 TLC scanner and silica
gel 60 GF 254 precoated plates (E. Merck) eluted with LtOAc/MeOH/H-O
77:13:10. Quantitation was performed by measuring the absorbance reflec-
tance (al 273nm for I; 278 nm for 2) of the analyte spots. The concentra-
tions of 1 and 2 were determined from calibration graphs using an authentic
specimen of salicyl alcohol (Sigma) and 1solated isosalicin, as external stan-
dards on the same plate. With this method. linearity of response were
achieved Yor loadings of 0.5 8.0 pg/spot (for isosalicin) and 0.8 20 pg/spot
(lor salicyl alcohol) respectively. The results of recovery studies were
108.3% (for isosalicin): 104.2% (for salicyl alcohol). with a standard devia-

tion of 2.4%, (isosalicin; n=4) and 2.15% (salicyl alcobol; n—4).
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