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M i c r o b i o l o g i c a l  t r a n s f o r m a t i o n  of c a t m a b i n o i d s  

B. J. Abbott, D. S. Fukuda and R. A. Archer 
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Summary. Microorganisms were screened for their ability to modify 2 synthetic cannabinoid substrates (I and II). 
Structure analyses revealed that  microorganisms transformed the substrates by (a) primary oxidation of the side chain, 
fl-oxidation of the side chain, ketone formation on the side chain or cyclohexene ring, (b) secondary hydroxylation on 
the side chain, (c) aromatization of the cyclohexene ring, and (d) ter t iary-hydroxylat ion at the b/c ring juncture. 

The naturally-occurring cannabinoids, exemplified by 
zIg-THC the psychotomimetic principal of Cannabis 
sativa L., possess a number of interesting pharmacological 
activities. The potential clinical effectiveness of A 9-THC1 
in a number  of disease states (e.g. anxiety, asthma, 
glaucoma, hypertension, etc.) would be hampered by the 
undesirable pharmacological side effects that  THC pos- 
sesses (e.g. euphoria, tachycardia, etc.). In  attempts to 
separate the desirable activities from other actions or 
undesirable side effects, new cannabinoids have been 
made a) by de novo synthesis and b) by chemical modi- 
fication of naturally-occurring cannabinoids ~. Evolving 
from these efforts is a new group of synthetic canna- 
binoids which show potential as clinically useful agents 3-5. 
Microorganisms may serve as important  adjuncts to and 
extensions of synthetic chemical approaches by producing 
interesting new eannabinoids that  would be difficult to 
prepare by other methods. To examine this potential, we 
chose the following compounds for biotransformation 
studies: A ~a, 10a_TH C (I) and nabilone (II). 
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Compound I was available in large quantities and re- 
presents a basic THC typical of a series of synthetic 
compounds prepared b y  Adams and Todd in the 1940's 
and 1950's 2. Nabilone is one of a new group of synthetic 
cannabinoids tha t  have emerged from the synthetic efforts 
of the Lilly Research Laboratories. I ts  pharmacological 
profile in animals has been studied and it is currently 
undergoing clinical evaluation as a potential antianxiety 
agent s 
The microorganisms used in this study were randomly 
selected soil isolates. Among the 400 cultures screened 
were bacteria, actinomycetes, and molds. Additionally, 
22 alkane-metabolizing cultures were screened because 
they might metabolize the polymethylene side chain of 
I or II.  
In  the initiaI screen, microorganisms were grown in 10 ml 
of a nutr ient  medium in 50 ml Erlenmeyer flasks incubated 
at 25-30~ on a rotary shaker. After 30 h incubation, 

0.1 ml of ethanol containing 4 mg of either I or I I  was 
added to each culture. Control samples were prepared by 
sterilization (121~ 30 min) of a duplicate sample of 
each culture prior to addition of the substrate. Both sets 
of flasks were then incubated for an additional 96 h, Each 
flask (including controls) was extracted 3 times with ethyl 
acetate. The 3 extracts were combined, dried over anhy- 
drous Na2SO 4, and evaporated under reduced pressure 
to give the crude product extracts. The extracts were 
examined by thin layer chromatography [silica gel 60 
F254 plates developed in benzene: ethyl acetate (9:1) 
for conversion products of I and benzene: ethyl acetate 
(1: 1) or benzene: ethyl acetate: hexane: methanol (1.5: 
8:1:0.5) for conversion products of I I ;  products were 
visualized by short wave UV light or by spraying the 
plates with Fast Blue t3]. The microorganisms that  ap- 
peared, by the above screening procedure, to produce 
cannabinoid metabolites were cultivated on a larger scale 
to obtain sufficient quantities of the products for structure 
determinations. The larger scale incubations were done 
in similar manner to the above except tha t  1-3 1 of the 
appropriate culture medium and 300 mg to 1 g of sub- 
strate were employed. The crude ethyl acetate extracts 
were purified by column chromatography on Woelm 
Silica Gel (Act. I) or by high pressure liquid chromato- 
graphy (HPLC) using Porasil A (60) as the packing. 
Final  purification of the conversion products was gene- 
rally achieved by preparative thin layer chromatography. 
Tables 1 and 2 show the structures of microbial trans- 
formation products of I and II.  The structural a s s ign-  
ments are based on physical chemistry data (high resolu- 
t ion mass spectra, nuclear magnetic resonnance (NMR), 
IR, UV, optical rotatory dispersion, and titration) and 
where available, on a comparison of physical chemistry 
data with authentic compounds from chemical syn- 
theses. Thus structures III ,  VI I I  and IX were established 
by comparison with spectral data available from au- 
thentic samples. The remaining 9 structural assignments 
are strongly supported by analysis of physical chemistry 
data especially high resolution mass spectrometry and 
100 mHz NMR. For instance, high resolution mass spec- 
trometry yielded t h e  molecular weights and empirical 
formulae for these products. Comparison of these empi- 
rical formulae with those of the starting substrates I and 
I I  clearly indicated that  all of these microbial trans- 
formation products represented mono-oxygenated deriva- 
tives of the starting materials. Establishing the position 
of microbial oxygenation required in most cases a careful 
NMR-analysis making ample use of decoupling experi- 
ments and reference cannabinoids. Details of these struc- 
tural assignments will be published elsewhere. 

1 The dibenzopyran number system is used. See table 1 for posi- 
tions and numbers. 

2 R. Meehoulam, Marijuana. Academic Press, New York 1973. 
3 Anon., Chem. Eng. News, Sept. 30, 15 (1974). 
4 P. Stark and R. A. Archer, Pharmacologist 17, 210 (1975). 
5 L. Lemberger and H. Rowe, Pharmacologist 17, 210 (1975). 
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Al though  s t ruc tu res  I I I ,  V I I I  and  I X  are avai lable  f rom 
chemica l  syntheses ,  all of the  r ema in ing  microbia l  t r ans -  
fo rma t ion  p roduc t s  r ep re sen t  new and in te res t ing  can-  
nab ino ids  which  are no t  in m o s t  cases easily approachab le  
b y  chemical  syntheses .  The a m o u n t  of each  p r o d u c t  
fo rmed  accoun ted  for 1 -5% of t he  a m o u n t  of subs t r a t e  
(I or II) added  to  the  culture.  No a t t e m p t s  were made  to  
enhance  the  p roduc t ion  of any  of t he  metabol i tes .  How-  
ever,  a sys t ema t i c  s t u d y  of the  f e r m e n t a t i o n  condi t ions  

could lead, as i t  has  wi th  o the r  b io t rans fo rmat ions ,  to  
h igher  p ro d u c t  yields. The microbia l  r educ t ion  of I I  to a 
m i x t u r e  of V I I I  and  I X  occured wi th  several  cul tures  
in add i t ion  to  those  shown in tab le  2. W i t h  some of these  
microorgan isms  the  yields of the  reduc t ion  p roduc t s  of 
I I  were as h igh  as 50%. 
Since nabi lone  (II) is o p t i c a l l y  inact ive,  i t  exis ts  as a 
1 : 1 mix tu re  of 6aR,  10aR and  6aS, 10aS opt ical  isomers.  
B o t h  produc ts ,  V I I I  and  IX, originate  b y  s tereospecif ic  

Table 1. Microbial transformation products of N6",l~ (I) z. 
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All microorganisms, except A41596, were cultivated in mineral salts medium 7 containing 3% glucose. Culture A41596 was grown in 
medium containing peptone and molasses (medium A from Boeck et al.S). 

Table 2. Microbial transformation products of nabilone (II)1. 

0 0 

& H  OH Nocardia 81'~1~ H OH 
I . . . v ~ [ . . .  ~ -..,- salmonicolor 7%a~.. n ~ Culture 

"-/1"" ~  (cH2)ncOOH - I ' ~ ~ ,  
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Compound n Compound 
XIV 3 VIII 
XV 1 

X 
XI 
XII 
XIII 
IX 

~ 2 

R1 R ~ R3 R 4 6aF10a Culture 
H OH H H SS B. cereus 

NRRL B8172 
O = O trans NRRL B8172 

H OH =O trans NRRL B8172 
=O H OH trans NRRL B8172 
H OH H OH trans NRRL B8172 
H OH H H RR Bacterium 

A24007 
Culture A24007 was grown in tryptiease soy broth (BBL). Culture ATCC 19149 was grown in a mineral salts medium containing 1-2% 
hexadecane and NRRL B8172 was grown in a similar medium that contained 3% glucose in place of hexadecane. 
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reduc t ion  of the  9-ketone of I I  the  to  9S alcohols of V I I I  
and IX.  Compound  V I I I  arizes f rom the  stereospecific 
reduc t ion  of the  6aS, 10aS isomer  of I I  and I X  resul ts  
f rom the  stereospecific reduc t ion  0 f  the  6aR, 10aR isomer  
o5 I I .  
Compounds  I I I ,  IV  and V occurred in contr61 cul tures  
a lbei t  in amoun t s  < 10% of t h a t  found i n  viable  cul ture  
samples (the amoun t s  of the  t r ans fo rmat ion  p roduc t s  were 
de te rmined  by  scanning th in  layer  dens i t ome t ry  and by  
in tegra t ion  of gasl iquid chromatograms) .  The  small  
amoun t s  of I I I ,  IV  and V formed in the  controls  p robab ly  
resul ted f rom air ox ida t ion  of I. 
The  carboxyl ic  acids, X I V  and XV,  were  isolated f rom a 
hydroca rbon  (alkane) oxidiz ing culture,  Nocard ia  salmoni-  
color ATCC 19149. Not ice  t h a t  t he  alkyl  side chain is 
e i ther  2 or 4 carbon a toms  shor ter  t h a n  the  a lkyl  side 
chain of the  s ta r t ing  subs t ra te  (II). These acids m a y  
arize f rom a f l -oxidat ion mechan i sm similar  to t h a t  
r epor ted  for t he  microbia l  me tabo l i sm of alkanes6. B y  
ana logy  to  a lkane metabol i sm,  I I  m a y  be conver ted  by  
hyd roxy la t i on  of the  side chain t e rmina l  m e t h y l  group 
(C7,) into an in te rmedia te  p r ima ry  alcohol  which  is 
subsequen t ly  oxidized to a t e rmina l  carboxyl ic  acid. 
Consis tent  w i th  this  mechanism,  we have  de tec ted  small  
amoun t s  of o ther  ca rboxyl ic  acids and h a v e  m a d e  t en ta -  
t ive  s t ruc tu re  ass ignments  based on high resolut ion mass 

spect ra l  data .  Based  on these assignments,  t he  micro-  
biological  ox ida t ion  of I I  b y  cul ture  19149 appears  to 
lead to 2 series of carboxyl ic  acids:  one conta in ing  a 
h y d r o x y l  a t  C9, and carboxyl ic  acid side chains of 5, 7, 
and 9 carbon atoms,  respec t ive ly ;  t he  o ther  series hav ing  
a carbonyl  a t  C9, and carboxyl ic  acid side chains of 5, 7, 
and 9 carbon atoms,  respect ively .  
The  react ions described in this  s t udy  m a y  represent  jus t  
a few of t he  m a n y  react ions t h a t  can be ca ta lyzed  using 
microorganisms.  I t  is l ikely t h a t  microorganisms t h a t  
modi fy  I and I I  will  ca ta lyze  similar  react ions wi th  o ther  
cannabinoid  substrates.  I n  addit ion,  m a n y  o ther  meta -  
boli tes  were de tec ted  in our  screening p rog ram t h a t  have  
no t  ye t  been isolated or identified.  Considering the  reac- 
t ions demons t r a t ed  and the  po ten t ia l  t h a t  remains,  we 
bel ieve t h a t  microorganisms will  p lay  an i m p o r t a n t  role 
in the  deve lopmen t  of new and possibly the rapeu t ica l ly  
useful cannabinoids .  

6 A. C. Van der Linden and G, J. E. Thijsse, Adv. Enzym. 27, 
469 (1965), 

7 B.J .  Abbott, A. I. Laskin and C. J. McCoy, Appl. Microbiol. 28, 
787 (1973). 

8 L.D.  Boeck, M. M. Hoehn, J. E. Westhead, R. K. Wolter and 
�9 D. N. Thomas, 5- Antibiot. 28, 95 (1975). 

Isolation of 2 -S-cys te iny ldopa  and 2 ,5 -S ,  S-dicyste inyldopa from the urine 
of patients with me lanoma 1 

G. Prota ,  H.  Ro r sman  5, A.-M. Rosengren  and E.  Rosengren  

Department o/Organic Chemistry, University o/Naples, Napoli (Italy); and Departments o/Dermatology, Biochemistry 
and Pharmacology, University of Lurid S-221 85, Lurid (Sweden), 22 December 1975 

Summary. Urine  f rom pa t ien ts  w i th  me lanoma  metas tases  is shown to contain,  in addi t ion  to the  previous ly  described 
5-S-cys te inyldopa (I), 2 closely re la ted  metabol i tes  which have  been isolated and ident i f ied as 2-S-cyste inyldopa (II) 
and 2, 5-S, S-d icys te inyldopa  (III) .  

The  u r inary  excre t ion  of 5-S-cys te inyldopa (I) has been 
the  objec t  of ex tens ive  inves t igat ions  showing its signifi- 
cance for the  charac te r iza t ion  o5 the  metabol ic  a c t i v i t y  
of normal  and pathologica l  melanocy tes  3, 4. I n  the  pig- 
m e n t  cell, this  amino  acid is formed by  1, 6-addi t ion of 
cyste ine to dopaquinone  and is subsequent ly  conver ted  
to phaeomelan in  p igments  by  oxidat ion,  cyclisat ion,  and 
coupl ing 5. Norma l ly  only minu te  amoun t s  of 5-S-cystei-  
ny ldopa  are present  in the  urine, whereas  a marked ly  
increased level  of excret ion is observed in the  urine of 
pa t ien ts  ha rbour ing  ma l ignan t  m e l a n o m a  6. 
In  fur ther  scru t iny  of me lanoma  urine for re la ted me tab-  
olites of b iochemical  and/or  cl inical  significance, we have  
isolated 2 addi t iona l  ca techol  amino acids, 2-S-cysteinyl-  
dopa  (II) and 2, 5-S, S-d icys te inyldopa  (III)  (figure). 
I n  a typ ica l  exper iment ,  850 ml  of urine, collected for 
24 h f rom a pa t i en t  wi th  me lanoma  metastasis ,  was ad- 
jus ted  to p H  1 wi th  6 M HC1 and af ter  f i l t ra t ion  was 
passed th rough  a co lumn (1.8 • 10 cm) of Dowex 50 W X4, 
200-400 mesh, H + form. Af ter  a prolonged washing wi th  
0.5 M HC1 (1000 ml), the  co lumn was Muted wi th  2 M HC1 
a t  a f low ra te  of 50 ml /h ;  26 fract ions of 40 ml  each were 
col lected and examined  for the  presence o5 catechol  
amino  acids, bo th  spec t ropho tomet r i ca l ly  in the  range 
220-350 n m  and chromatograph ica l ly  on precoa ted  cel- 
lulose pla tes  (Merck) wi th  n-propanol-1 M HC1 (3 : 2, v /v)  7, 
using as de tec t ing  reagents  a n inhydr in  solution and 3~o 
ethanol ic  FeC1 s. 

F rac t ions  1-8 forming  the  ma jo r  e lut ion peak  were pooled 
and evapora ted  to  dryness  under  reduced pressure to  give 
a colourless residue which was t aken  up in wa te r  and re- 
ch roma tog raphed  on a Dowex  50 W co lumn (1.8 • 10 cm), 
equi l ibra ted  wi th  2 M HC1. E lu t ion  wi th  the  same acid 
so lvent  gave  a ma jo r  peak  f rac t ion (57 rag) corresponding 
to 5-S-cys te inyldopa  (I) and a faster  m o v i n g  band  wi th  a 
v e r y  similar  U V  spect rum.  F u r t h e r  pur i f ica t ion  of  this  
minor  f ract ion on W h a t m a n  3 MM paper  wi th  n-butanol -  

1 Supported by grants from the Swedish Cancer Society (No. 
626-B76-05XB and 869-B75-01P), the Swedish Medical Re- 
search Council (No. B76-04X-00056-12), and the Walter, Ellen 
and Lenllart Hesselman Foundation for Scientific Research. 
Professor Prota was a visiting scientist of the Swedish Cancer 
Society (No. 626-B75-0r The authors are indebted to Dr 
Soshuke Ito for samples of 2-S-eysteinyldopa and 2,5-S,S- 
dicysteinyldopa. 
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