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AWract--Spir&elo ~ligc~hizu (duckweed) is capaMc of transforming some steroids of the androstane series. 
Hydrolysis of the acctatu of testosterone and of 3bhydroxyandrou-Sat-l’l-onc by this spu5u yickkd the 
corresponding akohols. Further transfotmation of testosterone and reduction of androst4enc-3,17dionc indicated 
the interconversions of the hydroxyl-ketone function on C-17 and reduction of the A’doubk bond to the ttoru-A/B 
system. Only a trace amount of 3&hydroxyandrost-S-en-17-one underwent further transformations. 

IXl’RoDUC’IlON 

Several reports hvc apparad conazning the irolation of 
androstane derivativea from higher phnts [l-3]. These 
reports provide evi&nce for the ability of some plant 
spc&stosyntbcSiLtthacaXnpou&Mdtuggcuth!crue 
of tbc plants for uudiu on tbc transformations of 8 series 
of C,9-staoib Suspenxion cultures of Dioscorca dcl- 
mideu [2] were rbk to redwe the arbooyl group on C-3 
and tbc doubk bond in androst4cne3,17dionc. Also a 
culture of Nicotimro t&cum exhibits ximilar capabilitka 
[3]. T~K tranxformation of [Q”C)ondroxt4cne3,17- 
dione by Pisum toliuum at diacrent SW of its growth 
w8sal.w described [4]. The lab&d substrate underwent a 
reduction to yield testosterone. 

The above mentioned papers exemplify the ability of 
higher plants to wtabolisc steroids. This subject has betn 
reviewed by R&hard and Alfermann [S]. 

In the present paper, the application of a doncl from 
Spirod& oliqorrhisa for tbccontrolkd biotransformation 
of organic compounds is described Some prcliminrry 
results have been reported [6]. In the 4ucous madk the 
culture of S. oligwrhiza pcovidcs convcnia~t conditions 
for carrying out such biotransformationa Tbe cultures 
were grown under standard conditions on Bollard% [73 
nutrient malium with continuous illumination and under 
aseptic conditions. To cultures of S. OrigorrItiz~ steroid 
substrates were added and after 2 weeks of shaking, tbc 
mixture of products was extractad and analysai chre 

l Pars 18 of the series ‘Biotransfonnrtions’. For Part 17 see J. 
Bask Mhob. (1985) u 1. 

#Author IO whom corrcsponda~~ should be addmsal. 
1 Tbc clone @iNtad from the UAkctkXl of the Dcpu!amt 

of Bomy and Physidofy of P&mu. Agricultural Univerxity of 
Wrodaw. 

matographically. TLC and GLC analyses indicated tht 
staoidx from the C,9 group underwent transformation 
(Tabk I). Under tbt experimental conditions, the pre 
sence of trace amounts of mctaMitcsi originating from 
the S. olQo&izo culture were found in the chloroform 
extracts. 

As both chromatographic methods usai indicated, the 
tranxforuwion of testosterone acetate (1X ar~I an&e 
stalolonc acetate (2) procedad to the greatest extent. 
Tlurcf01e, the metabolism of these two steroids was 
investigated in detail. The transformations of both steroid 
acetates by S. olQorrhiz4 were car&d out in scud 

Tab& I. Scramin~ of xektal steroids rransformai by Spimdelo 
oli$owhix4 

substrate Racuviry* 

Turostaonc wtate (I) 
3@-Hydroxyandrort-kn- I ?-one TIC (2) 
Tcstosteronc propionrte 
Testosterone (3) 
3&Hydroxyandrost-km- I7-m~ (4) 
Androst4-em3.17dionc (S) 
k-Androstane-fI7dione (6) 
I9-Hydroxyandrost4-ene-3. I7dione 
k-Dihydrotatostaonc 
SB_Dihydrotatostcron 
19-Nor-testosterone 
I7a-MethylandrostA-cm-3jI.I 7&diol 
Progcxtaorbc 
chokataol 
Sirostaol 

+ (a. b)t 
+(ab) 
+(ab) 
+(ab) 
+(ab) 
+(a@ 
+(ab) 
+(a) 
+w 
+m 
+w 
+(ab) 
+(a) 
- (a) 
- (a) 

l + denotes the puna of transfomation products along 
with the starting mrt& - dcnota Ihc pracncr of the SlUhg 

awerid only. 
ta - analysts by TLC. b = analysis by GLC. 
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paralkl runs IO obmin su&cknt quantities of pr0dIazI.s for 
their structural analysis. The composition of the products 
was analysal by GLC according to Scbollcr and Joyk [g]; 
the error of ~hc GLC analyses did not c.x& 10% 
Individual compounds were isolated by chromatognIphy 
on silica gel columns [9]. The idcntilkation of individual 
products was made by comparmg their retention tiam 

with those ofauthenticcompoundsand alsoconfirmal by 
spectroscopic analysis of pure isolated compounds. 

It was found that testosterone (3), androst+cnc-X17- 
dione (S), and k-androsmn+3,17dionc (6) were formad 
from steroid ace(ate 1, while 3&hydroxyandrost-kn-17- 
one (4h and Iraaz3 of 3 and 5 were formal from steroid 
aatate 2. The gas chromatograms of tlu r-ion prod- 
ucts obdnal from 1 and 2 showed the presence of other 
compounds which could not be isolated in pure state and 
were not identified. Some spectral datp of one of them 
(compound 7) obmincd from acetate 2 are given in the 
Experimental socIion. 

The results obtained for steroid aa%atcs 1 and 2 
indicated that fur&r transformation of products formal 
after the hydrolysis of the ester bond had oazurral. For 
this reason, the products of the lirst rtaftion (34 and 5) 
werealso subjccIed IO transformation in the sang manner. 
The presence of compounds 3.5 d 6 as shown in 
Tabk 2, was demonstrated in the products of transform- 
ation of both 3 and 5. The transformation of 4 ykldal 
trace amountd of 3 and 5. Compound 7 appearal again 
accompanied by other unidenti!lal products. 

DISCUSSWON 

The applicgion of whok plants for carrying out 
controlled clumiml reactions on a preguative scak 
encounters di.lBcultics connaaed with the adapution of 
standard cultivation to the requirements of the chunkal 
lahoraIofy.ThcuscoftissucallturcaofpknIsoo~y 
f&litstcs investigations, but the methods for their use 
require special techniques and often Ihc results obtained 
do not rctlcc~ the wtabolic possibilities oftbe whok plant 
from which the culture was prepnrod [S]. The application 
of plants, the growth of which in an aqueous medium 
becomes similar to that of microorganisms and tiuue 
cultures, should Mp to avoid these dilBcultks 

The results presented here are an attempt to utilize such 
a water plant. Spirudeb oligorrhizq the culture of which is 

Tabk 2 The comporition of the IransformaIion prrxluctr as 
dctcrmined by GLC 

Composition of 
Iransformrlion products (‘/b) 

TtXfUfd - _.- .__ . ..- 

xubInIc I 2 3 4 S 6 ii* 

Tatoutaonc ~~UIC (1) 58 16 8 7 12 
3j3-HydroxyandrosI-kn- 

17-on &mate (2) 40 I 41 I I9 

Tcs~om~cronc (3) a7 a 5 
3j%HydroxyandrosI-5- 

QI- I ?-one (4) I 64 I 35 
AndroaI-4uw 

3.17dione (3 13 82 5 

l UnidcnI&d ampoundx. 

suitable for carrying out controlled transformations of 
organic compounds [6]. 

The Lcmnaceac are widespread all over the world [IO] 
and mcmbve have bear Ibe rubjccI of some &mica1 
investigations. Among other compounds. the presence of 
staols in some specks of Spir&& was reponal and these 
included campcsterol, sitosterol and stigmastcrol [ 11,121. 
A positive effect of the addition of atradiol and pro- 
gesterone on tlorcsunce of L.4mrW minor was observal 
[13]. These studks provided some basis for the cx- 
pcctation that S. oligorr/tizo, which belongs to the Lemna- 
ceae family, would be abk to transform steroid substrates. 

The screening of the clone used by us proved that 
indad it is able to transform some steroids, including 
pm&ally all tbc androstaoc derivatives examined 
(Tabk 1). 

The hydrolysis of the cstcr bond was the main rtoction 
obscrvai in the transformations of the steroid acetaIcs 1 
and 2. The amounts of identifkd products and unrcactal 
substrates 1 and 2 are indicatal in Tabk 2. The product of 
hydrolysis of (~octate 1, i.e. testosterone (3), was m&a- 
bolizal fur&r, wbcrcas 3B_hydroxyamlrost-S-en- 1 ‘I-one 
(4A formal from acclcrte 2. was virtually unmcIaboli&. 
In the first case, the oxidation of the hydroxy group at C- 
17 to a carbonyl group was observed and the androsto 
ncdionc (5) formod was then reduced I0 So-androsuuie- 
3,17dionc (6) These reaaioas, however, occurred with 
lower yields than the hydrolysis of the esters (Tabk 2) 

The second alcohol (4) was r&mm to oxidation at C-3 
and isowritation of the A’doubk bond. These reactions 
proazdal lo a minimal extent. 

The investigations on thecourse of the transformations 
of substrata 3 and 5 confirmed tbc results obtained from 
the transformation cxperimcnts performed for the aceustc 
1. A sclaaive ability was observed to reduce tht A.-bond 
of androstcnalionc (5) to a k-system only (diketone 6 
was formed). This rerrtion proceedal only in the presence 
of a carbonyl group on C-17. Testosterone (3) did not 
undergo a siarikr reduction of the doubk bond. The 
second reaction obscrvod was the mutual oxidation and 
reduction of an oxygen function on C-17 in both sub 
strates (3 and 5). 

The results of the incubation of substrate 4 with S. 
oligorrhizo confirmed its rcsistanct to metabolism by the 
plant. 

Small amounts of unidentified compounds with GLC 
retention timus lying outside the range of those for 
steroids (Tabk 2) were also detected as the pr&ucts of 
transformation of 1.2 and 4. Theat compounds will be the 
subject of further investigations. 

The transformations of compounds 3 and 5 were found 
to be similar to the nutabolism of testosterone in 
mammals [ 141. The same prass was also obaval in the 
transformation of testosterone by microorganisms 
[S. lS]. The results obtained in this work show that the 
effectiveness of S. oligorrhiso in the ttanxformation of 
steroids is far smafkr than that of microorganisms. 
However, it still has value in providing knowledge on the 
steroid metabolizing capabilitks of this species. 

EXPERIMENTAL 

Cvlrltuuh o/h claw ~$!$irodela c41pnbiza. The nutncnl 
madium ulaptai for cultivation of cultum usal directly for 

steroid Iranxformstions was prepared wzording IO Bollard [ 71. 
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Scheme I 

For culttvatton of the parent strain. the nutrient was addittonally 

cnridml with ~-rrpuagme (200 me/l) and glucoac (10 g/l). 

Nutrrm~ (100 ml) in 250 ml conwml lb&s was imculatal with 

the culture of S. oligwhiro from the parcn~ strain. The growth 

was cpnied OUI at 27” with continuous illumination 

(loo0 1200 lx, Auorcsoenr tube) for periods up to I4 days, until 

the whok surface area (3R cm’) of the nutrient was coved mth 

the pbnt. Substrate (IO 20 mg)dissolvcd in co I ml of Me&O or 
ErOH was added IO the culture prepprsd in this way. The llask 

was then constanrly shaken and the transformations carried cut 

for I& I4 days. The experiments were repeated several tunes and 

were found to be sattsfrtonly rcproducibk. The rate and 

intensity of shaking were regulated to prcvcnt the plant sinking. 

Dunng the experiment the plants died and changed their colour 

from green IO white. After the cxpcnwnt. the plants did not 

rcproduoz when transferred into another nutrient. 

Tbegrowthmadium wascx~mal wtthCHCl,and~heextract 

was analysal. No s~aoids were found to be present in the mus of 

the plant tissue after cxtmion 

TLC was camed OUI on silica gel (Merck. tit&t). 

C,H, EtOAc (2: I)and petrol EtOAc (3:2) mixtures were usal 

as elucnts. 

GLC was carried out on an N 504-Elwro (WrccRw. Poland) 

apparatus oqtuppcd with 2 m columns of 3% OV-I7 on Gax- 

Cbrostt Z 8&lOO mesh or 3 ‘/. OV-225 on Chromoro rbWAW 

DMCS -80 muh and a I.3 m column of 27. OV-275 on 

Chromosorb W AW DMCS 8@ loOme& tcmpcratum: 270. 

250 and 250‘. reapoctivcly. Carrier gr: nitrogen (50 tnl/tnin). A 

Raaxe-ioninrion detector (amsitivity 4 Y IO- I0 AFS) was used. 

Tire preparative repurtions were a&d out on columns of 

siln gel 2304tYl mesh, cluent: petrol-EtOAc (3: 2) [9]. 

IR. UV, MS and ‘H NMR rpa*n were recorded on UR-IO 

(Carl-Zeiss, Jcna), wrd UV-vi, (Carl-Z&s, Jetsa), LRB 9ooo 

and Jcol JNM4 (IO0 MHz) rpscrromctcrs, respectively. 

2-ran&rnmrion o/ compound I. Aatate 1 was obtained by 

cstcrilicationofrcstosteroncwithAcs0. IR: 1750,1690cm~‘;mp 

I+142 , [z]& = + 114”. The tranaformstion was carrial oul 

in the manner described by adding I IO mg of substrate to five 

llasks; 72 mg of the mtxturc of products wax isolated. The rcsuhs 

of identdication and quantitative analysis made by GLC are 

shown in Tabk 2 TM preparattve chromatography of 36 mg of 

the transformation product providal pure compounds 1.3.5 and 

;.RyNtzl 3: mp l5&152-. [a]& - + 134” (c - I.2 CHCl,k 

-Qll _ I: 3640, 1690. Compound Sz mp 16% 172’. [a]& 
- + l99- (c = 1.6, CHCl,); IR v,+xn ‘: 17500. 1690. 

F;;g;nd”yp l29-l33’.[a]:& - + llY(c - l:lS.CHCl,k 

cm i. 1738.1725. Products 3. Sand 6 were dent&d by 

comparing their rpsara with those olthc authentic compounds. 

Trai+awsrion oj compotusd 2. ‘Ihe starting mat&al (2) had 

[aI % - + 6.0* (c - l.O.CHCl,),mp 16~171”;IR vk@an-‘: 

1750. The transformatton of 2 was carried out with 126 mg of 

steroid datnbutal among six Raskz 93 mg of IRK product was 

isolated af~a the r-ion. The results of GLC analysis arc shown 

in Tab& 2. 

Column chromatography of 77 mg of the product mtxturc 

ywkkd: I8 mg of 2. I8 mg of 4 and 2 mp of 7; all compounds 

being pure. TM product 4 was idmtificd by comparison wtth the 

authentr oompoutui. 

Tra~@bnimuton o/compounds 3 and 5. Roth transformations 

were carried out as described above. The mixtures of products 

were analysal by GLC (Tabk 2) 

Tran#oriiwztion oj compound 4. Subatratc 4 (I 54 mg) (mp. 

I40 lw. [a]& = + 6.5”. IRvfhp’cm-‘: 3630. 1750) was 

transformed as doscribed above and 149 mg of product were 

isolated. GLC: Tabk 2 Column chromatography of I32 mg of 

thcpodrrcyiddcdSlmpoT4udUImgof7,Compound7:GU3 

on 37, OV-I7 on Gas-Cbrom Z 80. IO0 mesh 2 tn. 270”. 

50 mlimtn of N,: retention IIM: 515 sa (outside the range of 

retentton ttmcs of the dentrfied products and substrate) 

UV 1 b0H nm: 220. c - 1.07 (c - 1.87)rp/ml. f. - Stnm). 
IR v$bn ‘: 2960, 25tB3400. 1680, 1710.’ 1430. 1450. 

‘HNMR (ICOMHz. CDCl,) 0.61 (s), 0.90(m). 113(s), 

2.5 3.0 (m). MS (70 eV)mjz: 149 (loO%), highest mass ion at 482. 
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