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AbstractPCell suspension cultures of four plant species have been mamtamed under different carbon and energy 
supply regimes, i.e photoautotrophy, photomlxotrophy and heterotrophy, and have been assayed for their capacity to 
biotransform geramol The reactions of mterconverslon of geramol mto nerol, or oxldatlon of alcohols mto their 
respective aldehydes, were mamly determmed by the plant species, whatever the modes of culture were. A rapid 
metabolism of monoterpemc alcohols to umdentlfied compounds was observed. In one cell suspension (Glyc~ne max), a 
high blotransformatlon actlvlty (40-60%) mto neral and geramal was detected 

INTRODUCTION 

Several studies have reported on the capacity of plant cell 
suspensions to blotransform an exogenous monoterpemc 
alcohol [l-4], but the influence of photosynthetic activity 
on tlus capacity 1s yet unknown As the mevalomc 
pathway of lsoprenold blosynthesls seems to be mainly 
located m the chloroplast [.5,6], the utlhzatlon of chloro- 
phyllous cell suspensions, now obtamed from various 
plant species [7], and capable of high levels of phot- 
osynthetic activity [7, 81, 1s a sultable, but still undevel- 
oped, approach m the study of blotransformatlon pro- 
cesses From four plant species, we mltlated cell suspen- 
sions cultivated m different regimes of carbon and energy 
supply, 1.e photoautotrophy, photormxotrophy and het- 
erotrophy, and we investigated their capacity to blo- 
transform a monoterpemc alcohol such as geramol. 

RESULTS AND DISCUSSION 

Biotransformation of exogenous geramol has been 
performed with eight different cell suspensions. Then 
growth characteristics are indicated in Table I All cell 
suspensions were tested m early stationary phase of 
growth Geramol was added to methanol (2% v/v), rather 
than ethanol as used m ref [l] because of Its lower 
toxicity on several plant cell suspensions [9] The final 
amount of methanol alone m the medmm (0 5% v/v) was 
not toxic for the cells For each cell suspension, 100 mg/l 
geramol mamtamed cell vlabdlty higher than 80% of the 
initial one, 24 hr after moculatlon (not shown) Beyond 
this concentration, the vlabihty decreased rapidly, and at 
500 mg/l complete death of cells was observed after 8 hr 
of mcubatton A slmllar 100 mg/l maxlmal amount of 

*Author to whom correspondence should be addressed 

geramol is also reported m V~tls utntfera [I] and Pekzr- 
~onrumfragrans [IO] cell suspensions, both m stationary 
phase of growth 

Time-course varlatlons for the blotransformatlon of 
geramol m photoautotrophlc, photomlxotrophic and 
heterotrophlc cultures are presented m Table 2 For 
photoautotrophlc cultures, we observe m E characlas 
suspension a decrease of the total amount of products, 
mainly because of geramol disappearance, while the 
aldehyde content remams roughly stable after 8 hr Inter- 
conversion of geramol mto nerol shows a constant ratio 
(about 50-60%) In N. tabacum suspension, we can 
observe only the disappearance of geramol without any 
slgmficant blotransformatlon 

For photomlxotrophlc cultures, the same results as in 
photoautotrophlc cultures are obtained m E characras 
suspension an interconverSlon of geraniol mto nerol (at a 
constant rate of 55f IO%) and a late mcrease m the 
relative amount of cltral (geramal+ neral). In N tabacum 
suspension, the total amount of products decreases, 
mainly because of geramol disappearance, the amount of 
nerol remains stable, ca IO+4 mg/l In C roseus suspen- 
sion, we observe only the disappearance of geramol, 
another compound (data not shown) different from citrol 
(geramol+ nerol) and cltral was detected after 24 hr, and 
Its retention time was similar, by GC analysis, to that of 
cltronellol This would be m agreement with other studies 
[l I] using l4tu uinfera cell suspensions For heterotro- 
pluc cultures, m E charactas and C roseus cell suspen- 
sions, we observe the same varlatlons as m photonnxotro- 
phlc cultures In G MUX suspension, a shght decrease of 
total products after 24 hr IS observed, compared with the 
high ones of other plant species The mam phenomenon is 
the very fast formation of aldehydes and then very lugh 
and stable (SO-85%) relative proportion m total produc- 
ts The cltral composltlon remams also constant with a 
neral/geramal ratlo around 3/4 
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Blotransjormatlon rxperlments Geramol--MeOH mixture 

(2% v/v) was added to each culture Hask to obtam a gcramol 

amount of 100 mgil culture In order to mnumze the evapn of 

substrate, photoautotrophtc cell suspensions were removed from 

the bubble column mto a two-tier culture flask as described m 

ref 1191, and contdmmg 2SOml cell suspcnslon, II? a partial 

pressure of 2% CO, Flasks were \h,iken at 100 rpm m hght 

Photomlxotrophlc ,md heterotrophlc cultures were bept in the 

same flasks as culture stock, All the tlask$ were closed with an 

addItIonal plastic cap For each Incubatmn durdtlon, two fld\k\ 

were gathered to perform andlysls Incuhdtlon w& stopped by 

addlng hqtnd Nz on fresh hlomdss, nnd samples were stored at 

-30 

C‘hrmlcu/ ana~yPr5 After d fart thdwmg, ceti \uspenslons were 

ground and I mg of n-hexadecdne was added as dn mterndl 

standdrd for quantltdtlvc andlysls Cells and mcdlum were 

extracted with dlstll drethyl oxide for 4X hr by using d Jalade 

hquld-hquld extractor 

Gas chromatography of biotransformation products was per- 

formed on a Delsl IGC 121 DT‘L chromdtograph equtpped with 

d 25 m capdlary column Carbowax 20 M and d FID InJector 

and detector temperatures were 210’ and 240 respectively After 

sample InJectmn dnd a deldy time of 30 set at 70 a hncar temp 

program rangmg from 70 to 200’ (5 ;mm) wds dpphed Carrier 

gas wab H, dt 30 ml ‘mm Products were ldentlfied by their 

retention time\ and their GC -MS analysis on a Delsl DI 700 

chromatograph coupled with Rtbermag R IO-lOmass spectrom- 

eter and Siddr computer 
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