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Cell suspension cultures of Solcrnuni Irrcinirc/u~n were able to transcorm exogenously inoculated 
salicyl alcohol into salicyl alcohol 7-0-~3-D-glucopyranosidc (isosalicin). The highcst lcvel 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 tnl of medium). The biotransforination capacity of 
the cell suspension cultures was about 3 I .  1 %. 

Kqword.s: Solunurri lcrcittiufm; Hiotraa~foriiiatioii~ Bioconvcrsion: Glucosylation; 
Salicyl alcohol; Isosaliciii 

INTRODUCTION 

Plant cells cultures can be used not only for the production of secondary 
metabolites but also for the biotransforination or various compounds. 
Various plant cell cultures are capable of glycosylating a varicty of exogc- 
nously supplied compounds [ 11. The glucosylation of simple phenols (e.g. 
salicylic acid and salicyl alcohol) by some cell suspension cultures have 
been reported by Unietaini et t i / .  121. Mizukami et rr l .  [3] have reported the 
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formation of salicin from salicyl alcohol i n  cell suspension cultures 01' 
I ~ i r i l o . ~ i ~ c , m i l , r / l  c.ili'rlivu,htciti and Gm-rluiiei jmri?i~ii(hs. and Doinbrowksi 141 
hiis reported the transformation of salicyl alcohol into s;tlicin and isosalicin 
in cell suspension cultures of Sulis nzemzdml. 

.4lthough cell suspensions of solmiion species (e.g. So/(i/iziiii oi~ic~ul i iw.  
So/cinurit ~ i i c i i i i i ~o .cum)  did not produce solasodine [5,01, the cultures c i t i  

transform some exogenously inoculated substrates. Ccll suspension culiurcs 
o f  Solunuiii ui~icLi/ur~l have been shown t o  be able t o  transrorm SOIJX cxo- 
gcnously inoculated natural and  synthetic substLinces. e.g. (+)-3-carene. 
citronella. thujol, thujone, cis and / m t w  verbenol, verbenone and (-)-limo- 
iieiie [7].  Callus cultures of Solernurn inc i t i i i iumim can transform progester- 
one into 5-17rcgnene-3,20-dionc [XI. Syahrani er i l l. [9.1 O] havc reportcd that 
cell suspension cultures of Sofmwn n 7 ~ u ~ z m o s u i ~  have the ability t(t trans- 
form salicylamide into s~ilicylamide ?-O-:~-D-glucopyranoside and salicyl 
alcohol into salicyl alcohol 2-0-irl-D-glucopyranoside (salicin). 

In this report. we describe the formation of isosalicin ( I ) from exogc- 
nously supplied salicyl alcohol (2) in the cell suspension ~ L I ~ ~ L I I - ~ S  of So l r r -  
u u / / ~  /uci t i i r / tu i r i  (see Fig. 1 ) .  

1 I 7 
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RESULTS AND DISCUSSION 

The toxicity of 2 towards Solanurn laciniatum cell suspension cultures was 
investigated for concentrations in the range 500-1500 mgjl. Cell death was 
observed at higher concentrations (1 500, 1250 and 1000 mg/l). At con- 
centrations lower than 750mgj1, cells survived but did not grow. In all of 
the experiments, 750 mgil 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 case 
for cell suspension cultures of Solanurn manzmosum [9,10]. 

TLC analysis showed the presence of metabolite 1 ( R f  0.32) in cell 
extracts. Two control experiments showed that in the absence of cells, 2 
(Rf 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 R f  value and U V  absorbance reflectance spectrum to 
that determined for an authentic specimen of salicin (3) (Sigma). 

The I3C NMR spectrum of 1 was similar to that of 3 [lo], 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 [lo]. Five of the 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 a t  4.33 ppm (d: J =  7.7 Hz) attributable to a P-oriented 
anomeric methine proton. HMBC data (Table I) established that the 
[I-glucopyranosyl unit was attached to C-7. Irradiation of the glucosyl H-I’ 
resonance in a NOE-difference experiment enhanced H-6 (7.45 ppm), H-7A 
(4.64ppm), H-3’ (3.22ppm) and H-5’ (3.19 ppm), thcrcby confirming 1 
to be a 7-0-8-glucopyranoside (isosalicin). A complete assignment of the 
‘H and 13C NMR spectra of I ,  determined in DMSO-d6 is presented in 
Table 1. To our knowledge, this is the first complete assignment of the ‘H 
and I3C NMR resonances of isosalicin. 

The time course of formation of 1 from 2 in cell suspension cultures of 
Solanzrni laciniatitni is shown in Fig. 2. Quantitative analyses showed that 
the greatest lcvcl of 1 (28.9mgiflask equivalent to 54.6mg/g dry weight) 
was formed in the cells 2 days after the inoculation of 37.5nig of 2 in  a 
flask containing 50 ml of medium each (i.e. an inoculation level 750 mgil). 
Glucoside 1 was not detected in the medium during the 14 day incubation 
period. On the other hand, salicyl alcohol was detected in the medium dur- 
ing the Grst 2 days of the incubation period. 

The maximum glucosylation capability of cell suspension cultures of 
Solunirm lucirziutun~ reported here, namely a 31.1% conversion 2 to 1, is 
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FIGURE 2 
by cell suspension cultures of Solnnum lnoniatum Values reprcscnt mean f SD (n = 4) 

The time course of the biotransformatlon of wlicyl alcohol (2) to isosalicin (1) 

EXPERIMENTAL SECTION 

General Procedures 

The UV absorbance reflectance spectrum were recorded on a Shimadzu 
CS-930 TLC-Scanner. 'H (400.13 MHz) and 13C NMR (100.26 MHz), and 
COSY, ROESY, HMBC and HMQC spectra of 1 were determined in 
DMSO-d6 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 Solunum Iuciniatum Ait. (code sl-4) provided by Prof. Dr. A.W. 
Alfermann, University of Diisseldorf. Germany. The suspension cultures 
were cultivated in 300 ml Erlenmeyer flask containing 50 ml of modified 
Murashige and Skoog medium [l  11 supplemented with sucrose (30 g/l). 
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kinetin (2 mg, I) .  N,4A ( 1  mgll) and casein hydrolisate ( I g l ) .  Flasks were 
shaken on ;I rotary shaker ( 1  20 rpm) at  35 + I ' X 7  undei- continuous light 
(ca. 2000 lx j .  

Toxicity and Biotransformation Experiments 

<'ells ( I 0  g fresh weight) wcre inoculated inlo liquid medium (5Onil) wilhout 
2 (control culturc) and into liquid mcdium containing various concentra- 
tion of 2 (500. 750. 1000. 1250 and 1500mg:'lj. .4fter 7 days incubation the 
cultures were harvested, collected. filtered, weighed. dried and powdered. 
The standard protocol for the biotransfoi-mation expcriiiienl w i s  a s  To l -  
lows: cells (10 fresh weight) were inoculated into a 3011 1111 Erlenmcyer 
flask containing 50 in1 of medium, 2 (750 mg/l) was added and the mixturc 
cultured for 1 -7 days. 

Extraction, Isolation and Purification of 1 

The oven dried (40°C) powdered biomass (9.75 g j  collected from 15 Erlcn- 
ineyer flasks was refluxed ( 2 h )  in MeOH. The McOH extract \ h a s  coi l -  
ccntratcd under reduced pressure LO afford ;L residue (2.13 g )  which was 
subiiiitted to silica gel 40 (7(1 230 Mesh ASTM) (E .  Merck) column chro- 
matography and preparative 'ILC using silica gel 60 G F  254 (E .  Merck) 
(Solvent system: k,tOAc/MeOHlH2O 77 : 13 : 10) to give 1 (36nig). 

Quantitative Analysis of 1 and 2 

The concentration of 1 and 2 in the niediurn a n d  the biomass wcre dcter- 
mined densitoinetrically using a Shimadru CS 930 TLC scanner and silica 
gcl 60 GF 154 precoated plates (E. Mcrck) eluted with EtOAc/MeOH~€120 
77 : 13 : 10. Quantitation was perfoi-med by measuring thc xbsorbance reflec- 
tance (at 275nni for I ;  2781im for 2) of the analyte spots. The concentra- 
tions o f  I and 2 were determined from calibi-a~ioii graplis using an  authcntIc 
specimen of salic).l alcohol (Sigma) and Isolated isosalicin, ;IS external s tan-  
d a r d s  on the same plate. With this method, linearity o t  rcsponsc wcrc 
:ichievcd :'or loadings of 0.5 8.0 pgrapot (for isosalicin) :ind 0.8 10 pg, spot 
(I'or i;alicyl alcohol) respectively. The I-esults of' I-ccovcry sttidics ~ve i -c  

IOX.3n/b (for isosalicin): 104.2'>/0 (for salicyl alcohol). with ii standai-d devia-  
t i o n  of 2.493;) (isosalicin: I I  4) and 2.15% (siilicyl alcohol: I I  -- 4). 
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