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Ab stract

Cells from Echinacea purpurea (L.) Moench. (Asteraceae),
Exacum af fine Balf. f. (Gentianaceae), Melittis melisso phyl -
lum L. (Lamiaceae), Ruta graveolens L. and Ruta graveolens
ssp. divaricata (Tenore) Gams. (Rutaceae) ag i tat ing cul tures
per form a biotransformation re ac tion on ex og e nously sup plied 
hydroquinone into its β-D-glucoside – arbutin, prod uct with
valu able me dic i nal and cos metic prop er ties. The max i mum
con tent of arbutin (de ter mined by HPLC) in the bio mass from
in ves ti gated cul tures is 4.01; 3.44; 1.79; 2.48 and 5.07 g/100 g
d.w., re spec tively. Noth ing but Ammi majus L. (Apiaceae) cul -
tures con tain trace amounts of the prod uct. Arbutin is ac cu mu -
lated in cells; it is oc ca sion ally found in me dia only in ves ti gial
amounts. In most of the in ves ti gated cul tures the ef fi ciency of
the biotransformation pro cess is about 60 %.

Lis t  o f  ab bre  vi  a  t ions :  BAP –
6-benzylaminopurine; bio mass- shoots, dif fer en ti -
ated cal lus, un dif fer en ti ated cal lus or cell ag gre -
gates from sus pen sion; d. w. – dry weight; GA3 –
gibberellic acid; HPLC – high per for mance liq uid
chro ma tog ra phy; LS – me dium of Linsmaier and
Skoog, 1965; MS – me dium of Murashige and
Skoog, 1962; NAA – α-naphtha lene acetic acid;
PLC – pre para tive layer chro ma tog ra phy; s.m. –
sucha masa; TLC – thin layer chro ma tog ra phy

In tro duc tion

Plant cell and tis sue cul tures are ca pa ble of per -
form ing var i ous spe cific biotransformation re ac -
tions on ex og e nously sup plied com pounds (Wyso -
kińska and Chmiel 1995, 2001). Up till now a
whole range of re ac tions has been ob served in clud -
ing, for ex am ple, estrification, ox i da tion, re duc -
tion, hydr oxylation and glucosylation. The for ma -
tion of glu cosyl con ju gates is of spe cial in ter est be -
cause many groups of sec ond ary me tab o lites are
ac cu mu lated as glucosides in plant cells. Sev eral
plant cell and tis sue cul tures have been shown to be
ca pa ble of con vert ing ex og e nous com pounds such
as phe no lics, ste roids, cardenolids, flavonoids and
anthra quinones to the cor re spond ing glucosides
un known for ad e quate plants grow ing in the open
air (e.g. Tabata et al. 1988, Stöckigt et al. 1995).

Arbutin is the O-β-D-monoglucoside of hydro -
quinone. Glucosylation of hydroquinone is cat a -
lyzed by a glucosyltransferase that re quires uridine
diphosphate glu cose as its high en ergy do nor of
glu cose (Fig. 1). Arbutin is a nat u ral sec ond ary me -
tab o lite oc cur ring in leaves of some spe cies of the
fam ily Ericaceae, Rosaceae, Saxifragaceae,
Rubiaceae, Fabaceae as well as in other taxa. It is
of great est im por tance as an ac tive prin ci ple of
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Arctostaphylos uva-ursi (L.) Sprengel (Ericaceae) – 
which amounts up to 12 % – and Vaccinium vitis
idaea L. (Erica ceae) – up to 7 % (Wichtl 1997,
Kohlmünzer 1998, Stam mwitz 1998). Leaves of
both spe cies are men tioned as herbal drugs in the
5th edi tion of the Pol ish Phar ma co poeia (1999) and
also in its new est 6th edi tion (2002). A. uva-ursi is
also de scribed in the new est Eu ro pean Phar ma co -
poeia (2002) and in nu mer ous other na tional phar -
ma co poe ias (Newall et al. 1996, Wichtl 1997). Nat -
u ral sources of arbutin con tain ing plants – used in
ther a peu tics – de crease. In Po land, A. uva-ursi
grows only in a few lo cal i ties and it is un der strict
pro tec tion (Piękoś-Mirkowa and Mirek 2003).
From the phar ma co log i cal point of view, arbutin
has at tracted much in ter est for two main ther a peu ti -
cal ap pli ca tions. As it ex hib its an an ti bac te rial ef -
fect, arbutin con tain ing plant ex tracts is widely
used in tra di tional and mod ern med i cine be cause of 
its urethal dis in fec tant ac tiv ity. Arbutin is also
known to be an ef fi cient in hib i tor of mel a nin
biosynthesis in hu man skin, with out hav ing any ap -
par ent side ef fects (Akiu et al. 1988). This com -
pound is used by the Jap a nese cos metic com pany,
Shiseido, as a light ener. Fur ther more, drugs con -
tain ing arbutin are used in tra di tional Chi nese med -
i cine in cough and chro nic bron chi tis the r apy.
Strong antitussive ef fect of arbutin was con firmed
un der ex per i men tal con di tions (Strapková et al.
1991).

The dif fi culty with the sup ply of arbutin con tain -
ing plant ma te ri als at tempts to be solved by via in
vi tro meth ods. Jahodář et al. (1982) and Dušková et
al. (1988) es tab lished Arctostaphylos uva- ursi cul -
tures but cells did not synthetize arbutin. Furma -
nowa and Rapczewska (1993) sug gest micropro -

pagation of the Asi atic abound ing with arbutin spe -
cies- Bergenia crassifolia (L.) Fritsch (Saxifra ga -
ceae) as a quick and ef fec tive method, al ter na tive to 
prop a ga tion from seeds. The arbutin con tent in
Bergenia plants prop a gated in vi tro is within the
same range as in plants prop a gated by con ven tional 
meth ods. Biotransformation pro cess per formed by
plant cells from in vi tro cul tures can be the next
pos si bil ity. Al though arbutin can be pre pared
chem i cally in a three step pro ce dure, a one step bio -
conversion still seems to be of bio tech no log i cal in -
ter est. Many  at tempts were made to ob tain arbutin
by biotransformation of hydroquinone. Un for tu -
nately, the ef fi ciency of the pro cess in A. uva-ursi
cul tures was very low (Dušková et al. 1994). Ber -
genia crassifolia cul tures con verted hydroquinone
to arbutin with quite mod er ate prod uct yield (Duš -
ková et al. 1999). Numerous ex per i ments were
done on bioconversion of hydroquinone by other
plant cell and tis sue cul tures mainly de rived from
plant spe cies which did not synthetize arbutin as a
nat u ral sec ond ary me tab o lite (Wysokińska and
Chmiel 1995, Dušková et al. 1999). In most of cul -
tures the prod uct yields were rel a tively low. Arbu -
tin con tent dif fers sig nif i cantly e.g. from 0.43
g/100 g d.w. – for Coronilla varia L. cul tures – to
7.4 g/100 g d.w. for Datura meteloides DC. ex Dun. 
cul tures -Ta ble 1 (Dušková et al. 1999). How ever,
Catharanthus roseus (L.) G. Don cell cul tures were
proven to be able to pro duce up to 9 g of arbutin per
li ter cell sus pen sion -Ta ble 2 (Inomata et al. 1991,
Yokoyama and Inomata 1998). In other ex per i -
ment, Rauvolfia serpentina (L.) Benth. cell sus pen -
sion con verted hydroquinone with an op ti mum ac -
cu mu la tion of 18 g arbutin per li ter nu tri tion me -
dium af ter 7 days of con tin u ous sub strate feed ing
(Lutter bach and Stöckigt 1992). That cul ture dem -
on stra ted the ex cep tional glucosylation po ten tial of 
cells. It is one of the high est con tent of a nat u ral
prod uct formed by a plant cell cul ture sys tem.

We re port here the re sults of our stud ies on the pos -
si bil ity of arbutin pro duc tion by biotrans for mation
of hydroquinone in in vi tro cul tures of Ammi majus
L. (Apiaceae), Echinacea purpurea (L.) Moench.
(Asteraceae), Exacum af fine Balf. f. (Gentiana -
ceae), Melittis melissophyllum L. (Lamia ceae),
Ruta graveolens L. and Ruta gra veolens ssp. diva -
ricata (Tenore) Gams. (Rutaceae). Arbutin does
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Fig. 1. Biotransformation of hydroquinone to arbutin.



not oc cur as a nat u ral sec ond ary prod uct in any of
above men tioned spe cies. This is the first in for ma -
tion on the pos si bil ity of biotrans formation of hy -
droquinone to arbutin in the in vi tro cul tures of
these spe cies. Two biotransformation ex per i ments
were car ried out for each plant cul ture (se ries 1 and
se ries 2) in or der to de ter mine the reproducibility of 
the pro ce dure (ex cep tion – A. majus cul ture – only
se ries 1). Our re sults were pre sented ear lier at sev -
eral sci en tific con fer ences (e.g. Skrzypczak-Pie -
traszek et al. 2002, Skrzypczak -Pietraszek and Pie -
ko szewska 2002, Ekiert et al. 2003, Skrzyp czak -
-Pietraszek et al. 2004).

Ma te ri als and meth ods

In vi tro cul tures

Tis sue cul tures were orig i nally es tab lished from
seed lings in the De part ment of Phar ma ceu ti cal
zBot any, CMUJ in Kraków. Seeds were ob tained

from some Eu ro pean bo tan i cal gar dens. Ruta gra -
veolens ssp. divaricata cul ture is an ex cep tion – it
was ini ti ated in the In sti tute of Bio sci ences, Uni -
ver sity of Würzburg (Ger many) from plants grow -
ing in the bo tan i cal gar den of that uni ver sity. The
cul ture was de liv ered to our De part ment on a co op -
er a tion basis. All tis sue cul tures have been cul ti -
vated in the De part ment of Phar ma ceu ti cal Botany,
CMUJ, for several years on two kinds of me dia:
– MS agar me dium sup ple mented with 1 mg·l-1

BAP, 0.5 mg·l-1 NAA and 0.25 mg·l-1 GA3
(Echinacea purpurea (L.) Moench., Exacum af fine
Balf. f. and Melittis melissophyllum L. cul tures)
– LS me dium sup ple mented with 2 mg·l-1 BAP and
2 mg·l-1 NAA (agar me dium – Ammi majus L. cul -
ture, liq uid me dium– Ruta graveolens L. and Ruta
graveolens ssp. divaricata (Tenore) Gams. sta tion -
ary cul tures)

Three types of in vi tro cul tures were used:
– cal lus cul tures – A. majus, E. purpurea
– cal lus cul tures with sig nif i cant dif fer en ti a tion
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(shoot buds or lit tle shoots) – M. melissophyllum,
R. graveolens ssp. divaricata
– shoot cul tures – E. af fine, R. graveolens

All cul tures were kept at a tem per a ture of 25± 2 °C, 
un der con tin u ous ar ti fi cial light (900 lx) and were
trans ferred to a fresh me dium ev ery 5-7 weeks.

Biotransformation ex per i ments

Liq uid ag i tat ing cul tures were es tab lished from
ini tial ones (inoculum – 4 g of fresh bio mass per
flask) and were main tained on a ro tary shaker
(Altel) at 140 rpm in 500 ml con i cal flasks con tain -
ing 125 ml of MS (or LS) me dium sup ple mented
with the same growth reg u la tors as for ini tial cul -
tures. 14 days (or 19 days - for E. purpurea cul -
tures) af ter in oc u la tion a sub strate (hydroquinone)
dis solved in wa ter (con cen tra tion: 1 mg·ml-1) was
ad min is tered asep ti cally through a mem brane fil ter
(Millex®, Millipore, 0.22 µm) to the cul ture. Ad di -
tion ally, 100 ml of fresh me dium was added to each

flask. Fi nal con cen tra tion of hydroquinone was 25
mg per flask 
(100 mg·l-1 of me dium). In con trol cul tures in stead
of hydroquinone so lu tion fresh me dium was added
to the flask. The bio mass and me dium were har -
vested sep a rately from two or three flasks af ter 0.5,
1, 2, 3, 6, 12, 24, 48, 168 hours (se ries 1; there were
some changes in se ries 2- ad di tional har vest for se -
lected plant cul tures af ter 9, 18, 36, 72 and 96
hours- see Fig. 2 and Fig. 3) af ter ad min is tra tion of
sub strate. Con trol cul tures were har vested on 21st

day (or 26th day for E. purpurea cul ture) af ter in oc -
u la tion. Me dia (100 ml) were frozen and lyophili -
sed. The bio mass was dried at 35 °C and weighed.

All cul tures were kept in the same tem per a ture and
light con di tions as for ini tial cul tures.

Ex trac tion

0.2-1 g of dried bio mass from each cul ture was
milled and ex tracted twice with boil ing meth a nol (2 
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x 50 ml) for 4 hours. Meth a nol was evap o rated to
dry ness and re mains were dis solved in 10 ml of
meth a nol. Lyophilised me dium was also dis solved
in 10 ml of meth a nol.

Qual i ta tive anal y sis (TLC)

Meth a nol so lu tions were qual i ta tive ana lysed by
TLC (plates- Merck, item No 1.05554) to gether
with stan dard sub stances – arbutin (Sigma) and
hydroquinone (POCh Gliwice) with the fol low ing
sol vent sys tem: ethyl ac e tate–meth a nol–wa ter
(77 : 13 : 10, V/V/V). De tec tion re agents (spray):
diasotized sulfanilic acid fol lowed by 5 % KOH
meth a nol so lu tion. Colours of spots: arbutin- or -
ange/ red; hydroquinone- grey.

Quan ti ta tive as say of arbutin and hydroquinone

(HPLC)

Meth a nol so lu tions were ana lysed by an isocratic
HPLC- sys tem (Merck) with Purospher® RP-18e
(250 x 4 mm; 5 µm) col umn eluted with meth a nol-
wa ter (1:9, V/V) at a flow rate of 1 ml/ min and UV
de tec tion at λ= 285 nm. Re ten tion times: arbutin-
4.1 min; hydroquinone- 6.3 min.(Fig. 4). HPLC
method- ac cord ing to Štambergovŕ et al. (1985).

M. melissophyllum meth a nol ex tracts had to be pu -
ri fied be fore quan ti ta tive anal y sis. Bal last com -
pounds were pre cip i tated by ba sic lead ac e tate.

Quan ti ta tive de ter mi na tion of arbutin and hydro -
quinone was car ried out us ing the ex ter nal stan dard
method. The amounts of these com pounds were
cal cu lated from cal i bra tion curves, putt ing in re la -
tion the mean peak ar eas with stan dard con cen tra -
tions.

Iso la tion and iden ti fi ca tion of arbutin

Meth a nol ex tracts from bio mass were com bined,
con cen trated to 40 ml. Bal last com pounds were
pre cip i tated by ba sic lead ac e tate. Pu ri fied ex tracts
were sub jected to PLC on Sil ica gel plates (Merck,
item No 1.05717) with sol vent sys tem ethyl ac e -
tate-meth a nol-wa ter (77 : 13 : 10, V/V/V) and
biotransformation prod uct was eluted with meth a -
nol. Arbutin so lu tion was con cen trated and PLC
was re peated with sol vent sys tem chlo ro form-
meth a nol (3 : 1, V/V). Arbutin was eluted with
chlo ro form- meth a nol mix ture (1 : 1, V/V) and
iden ti fied by 1H NMR, HPLC and TLC. 1H NMR
spec trum of arbutin standard was prepared for
comparison.

Re sults and dis cus sion

All ex am ined plant cul tures con verted hydro -
quinone to arbutin, but they showed dif fer ent ef fi -
ciency of the pro cess (max i mum from 35.1 % to
65.6 % – Ta ble 3, Fig. 3). Biotransformation prod -
uct was pres ent in all meth a nol ex tracts from the
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Ta ble 1. Biotransformation of hydroquinone to arbutin in plant in vi tro cul tures (ex am ples).

Plant in vi tro cul tures Max i mum con tent of arbutin (g/100g d.w.) Au thors

Agrostemma githago L. +* Pil grim 1970

Bellis perennis L. 1.27 (24 h)** Dušková et al. 1999

Bergenia crassifolia (L.) Fritsch 2.83 (12 h) Dušková et al. 1999

Bras sica oleracea L. 0.52 (168 h) Dušková et al. 1999

Coronilla varia L. 0.43 (24 h) Dušková et al. 1999

Datura ferox L. + Pil grim 1970

Datura meteloides DC. ex Dun. 7.40 (168 h) Dušková et al. 1999

Dig i talis purpurea L. + Pil grim 1970

Leonurus cardiaca (L.) Benth. 2.56 (12 h) Dušková et al. 1999

Leuzea carthamoides DC. 2.38 (12h) Dušková et al. 1999

Rheum palmatum L. 1.25 (12 h) Dušková et al. 1999

Rhodiola rosea L. 3.44 (48 h) Dušková et al. 1999

*pres ence of arbutin – qual i ta tive de ter mi na tion
**time af ter ad min is tra tion of hydroquinone



bio mass (Fig. 2) in the max i mum con tent from 1.79
to 5.07 g/100 g d.w. (Ta ble 3). Noth ing but Ammi
majus L. cul tures con tained only trace amounts of
biotransformation prod uct. Arbutin did not ap pear
in the cul ture me dium or was only in ves ti gial
amounts. Hydroquinone was usu ally pres ent in me -
dium sam ples col lected in the first hours af ter ad -
min is tra tion of sub strate and later was not de tected.
Plant tis sues did not con tain hydroquinone (or trace 
amounts) and it was pos si ble that all absorbed sub -
strate was converted to arbutin.

Iden tity of arbutin iso lated from meth a nol ex tracts
was con firmed by com par i son its TLC and HPLC
(Fig. 4) pa ram e ters and 1H NMR spec trum with the
same ones of stan dard compound.

The after-men tioned in for ma tion on dy nam ics of
bio transformation pro cess and in flu ence of hydro -
quinone on plant cells de scribe de tails con nected
with each plant cul ture (Fig. 2 and Fig. 3). Hydro -
quinone so lu tions can show harm ful in flu ence on
plant cells. This prob lem is well known from lit er a -
ture (e.g. Suzuki et al. 1987, Yokoyama et al.
1990).

A. majus cul tures

Traces of arbutin were found in col lected cells and
larger amounts – in the me dium. Tox ic ity of hydro -
quinone was so strong that its ad di tion not only
stopped the growth of cul ture but also ir re vers ible
dam aged the cells and liq uid cul ture changed its
col our from light green to brown.

E. purpurea cul tures

Biotransformation prod uct was found in cal lus tis -
sue and it oc curred in me dia only in trace amounts.
The max i mal yield of con ver sion was 58.10 % (af -
ter 36 h) and max i mal con tent of arbutin – 4.01
g/100 g d.w. – was de tected af ter 24 h. Cul ture
growth was not equal ized. Liq uid cul ture formed
sus pen sion or quite big cal lus ag gre gates. Sus pen -
sion cul ture was more sen si tive on harm ful in flu -
ence of hydroquinone.

E. af fine cul tures
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Ta ble 2. Max i mum con tent of arbutin and max i mum ef fi ciency of op ti mised biotransformation pro cess in plant in vi tro cul tures. 

Plant in vi tro cul tures Method of
hydroquinone sup ply

Arbutin con tent
(g/100g d.w.)

Arbutin con tent (g/l 
of me dium)

Ef fi ciency
(%)

Au thors

Catharanthus roseus
(L.) G. Don.

con tin u ous 45 (96 h)* 9.2 (96 h)* 98 Yokoyama and
Inomata 1998

Datura innoxia Mill. 1 time 30-40 
(24 h)

2.5 (24 h) 90-100 Suzuki et al.
1987

re peated- 3 times 40-50 (72h) 7.1 (72h) 70

Rauvolfia serpentina
(L.) Benth.

con tin u ous 23.7 (168h) 18 (168 h) 83 Lutterbach and
Stöckigt 1992

* time af ter be gin ning of hydroquinone ad min is tra tion

Ta ble 3. Max i mum con tent of arbutin and max i mum ef fi ciency of biotransformation pro cess ob tained for in ves ti gated cul tures.

In vi tro cul tures Arbutin con tent                                Ef fi ciency

g/100 g d.w. time (h)* % time (h)*

Echinacea purpurea (L.) Moench. 4.01 24 58.1 36 

Exacum af fine Balf. f. 3.44 48 65.6 24 

Melittis melissophyllum L. 1.79 18 35.1 18 and 36 

Ruta graveolens L. 2.48 18 63.3 36 

Ruta graveolens ssp. divaricata (Tenore) Gams. 5.07 72 59.7 36 

* time af ter ad min is tra tion of hydroquinone



Amount of arbutin in plant tis sue sig nif i cantly
grows at 12 h af ter ad min is tra tion of sub strate and
achieves its max i mum at 48 h (3.44 g/100 g d.w.).
The max i mal ef fi ciency of the pro cess was ob -
served at 24 h (65.58 %). Me dia con tained trace
amounts of arbutin. Hydroquinone did not in flu -
ence shoot culture growth.

M. melissophyllum cul tures

Meth a nol ex tracts had to be pu ri fied be fore quan -
ti ta tive anal y sis be cause of nu mer ous bal last com -
pounds with the same HPLC re ten tion time as
arbutin. This pro ce dure caused sig nif i cant loss of
biotransformation prod uct. The max i mal con tent
of arbutin was 1.79 g/100 g d.w. (18h) and ef fi -
ciency of biotransformation did not ex ceed 36 %.
Arbutin was not de tected in me dia. The pres ence of
hydro quinone de creased the growth of cultures.

R. graveolens and R. graveolens ssp. divaricata

cul tures

The max i mal yield of con ver sion was ob served at
36 h – 63.34 % (R. graveolens) and 59.70 % (R.
graveolens ssp. divaricata). Amount of arbutin
achieves its max i mum at 18h (2.48 g/100 g d.w.)
and at 72 h (5.07 g/100 g d.w.), re spec tively.
Arbutin was not de tected in me dia or found only in
trace amounts. Hydroquinone had no harm ful in -
flu ence on the growth of both cultures.

High mean yield of biotransformation pro cess
(50-60 %) and mean arbutin con tent about 2.2
g/100 g d.w. (R. graveolens), about 2.7 g/100 g d.w.
(E. af fine) and about 4 g/100 g d.w. (R. graveolens
ssp. divaricata) stay on the sim i lar level for a long
pe riod of time (about 30 hours – R. graveolens and
60 hours – E. af fine, R. graveolens ssp. divaricata).

In our in ves ti ga tion hydroquinone used in one con -
cen tra tion (100 mg·l-1 of me dium) de creased the
growth of A. majus, E. purpurea, M. melisso phyl -
lum cul tures but its ad di tion had no sig nif i cant in -
flu ence on E. af fine, R. graveolens, R. graveolens
ssp. divaricata cul tures. Dif fer en ti ated cul tures –
shoot cul tures (E. af fine, R. graveolens) or dif fer en -
ti at ing cal lus cul ture (R. graveolens ssp. divarica -
ta)- seem to be more re sis tant to harm ful influence
of hydroquinone.

We ap plied sim i lar biotransformation con di tions
(hydroquinone con cen tra tion in me dia and time of
the bio mass har vest ing) as Dušková et al. (1999)
and we ob tained sim i lar re sults of the dy nam ics of
the biotransformation pro cess. Arbutin con tent
grows rap idly in the first hours af ter hydroquinone
ap pli ca tion, achieves its max i mum usu ally at 18-
48 hours and sig nif i cantly lowers after 7 days.

Some au thors made dif fer ent at tempts to in crease
and op ti mise the biotransformation pro cess.
Dušková et al. (1994) men tioned the in flu ence of
auxins on arbutin pro duc tion. In creas ing NAA or
IAA con tent in flu ence larger amounts of arbutin in
in vi tro cul tures of Datura meteloides or Datura
innoxia (re spec tively). Continous or re peated ad di -
tion of hydroquinone (Ta ble 2) in crease the ef fi -
ciency of biotransformation pro cess, re duce the
harm ful in flu ence of hydroquinone and en able to
em ploy higher concentrations of the substrate.

Our re sults com pared to lit er a ture data are av er age, 
sim i lar or higher than those ob tained by other au -
thors (Ta ble 1 and Ta ble 3) but the arbutin con tent is 
much lower than de tected in Catharanthus roseus,
Datura innoxia or Rauvolfia serpentina cul tures –
the best ones – with op ti mised biotransformation
pro cess (Table 2).

This is the first news about the pos si bil ity of bio -
transformation: hydroquinone to arbutin in the in
vi tro cul tures of E. purpurea, E. af fine, M. melisso -
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Fig.  4. HPLC chromatogram of a) stan dard sub stances – re ten -
tion times: arbutin- 4.1 min; hydroquinone- 6.3 min, and b) ex -
em plary Melittis melissophyllum cal lus ex tract.

 a  b



phyllum, R. graveolens and R. graveolens ssp.
divaricata. Our re sults show that E. af fine, R. gra -
veolens and R. graveolens ssp. divaricata cul tures
seems to be quite prom is ing ob jects for fur ther in -
ves ti ga tion on op ti mi sa tion of biotransformation
process.
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