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Abstract-Mutant Bl-41a, obtained by UV-irradiation of Gibberellafujikuroi strain GF-la, does notmetabolise 
mevalonic acid lactone (MVL), em-kaur-16-ene, em-kaurenol, and ent-kaurenal to gibberellins. em-Kaur-16-ene- 
19-oic acid is completely metabolised to give the same gibberellins in similar concentration as unsupplemented 
cultures of the parent strain. It is concluded that this mutant is blocked for gibberellin synthesis at the step 
from em-kaurenal to em-kaurenoic acid. Comparison of the incorporation of MVL into GA3 by the mutant 
and the parent strains indicate that the metabolic block is 97.5% effective. A method of preparing enf- 
kaur-16-ene, labelled at C-15 and C-17 by [‘HI and [3H] is described. 

STUDIES with single-gene mutants of micro-organisms have provided detailed information 
on primary biosynthetic pathways. A classical example is the elucidation of the shikimic 
pathway using auxotrophic mutants of Escherichia coli.1,2 A similar approach to the study 
of secondary metabolic pathways is bedevilled by the technical difficulty of screening for 
mutants, blocked for the synthesis of metabolites which are not essential for growth. 
Apart from special cases, for example with pigments such as the tetracyclines3 the 
search for mutants of secondary metabolism is time-consuming since it involves detailed 
biochemical examination of large numbers of isolates from natural sources or from 
mutagenic treatment of a wild-type parent strain. In the case of gibberellin (GA) bio- 
synthesis Phinney (unpublished results) has made use of the known GA-induced synthesis 
and release of x-amylase in embryo-less barley seed4 to provide a rapid and effective 
method of screening presumptive mutants of Gibberella,fgjikuroi, blocked for GA-synthesis. 
Using this method, several presumptive mutants have been isolated and are currently 

* Part XI in the series “Fungal Products”. For Part X see (1974) Phytochemistry 13, to be published. 

’ DAVIES, B. D. (1955) Adu. Enzymol. 16, 247. 
’ SPRINSON, D. B. (1960) Adv. Carbohyd. Chem. 15, 235. 
3 MCCORMICK, J. R. D. (1967) In Antibiotics (GOTTLIEB, D. and SHAW, P. D., eds.), Vol. 11, p. l 

Springer, New York. 
4 JONES, R. L. and VARNER, J. E. (1967) Planta 72, 155. 

911 

13, 



912 J. R. BEARDER. J. MA(‘MII.I,AN. C. M. WEI.S, M. B. CHAFFFY and B. 0. PHIUE~EY 

being studied. This paper describes initial studies of a mutant Bl-41a. obtained by 
UV-irradiation of a parent strain GF-la of G. ,fi$woi. 

A detailed analysis of the diterpenoids from the parent GF-la by partition chroma- 
tography on Sephadex LH20, followed by GC--RC and GC--MS is described elsewhere.” 

From cultures grown on potato-dextrose liquid (PDL) medium, 14 fungal GAS were 
identified in addition to most of the other known diterpenoid metabolites of G.,fi!jikuroi. 
Although GF-la and Bl-41a grow better on PDL, a synthetic medium was used fol 

reproducibility. The glucose NH,NO, medium (ICI 1009;;-N) of Borrow et (11.’ was 
used, usually modified by halving the amount of NH,NO, (ICI 50:‘,,-N). The metabo- 
lites, obtained by EtOAc extraction of the culture filtrates or MeOH extraction of the 
mycelium were derivatized where necessary and identified by GC-MS. 

After 36 hr on ICI 50”;;-N medium, the GF-la strain showed pigmentation,’ 
characteristic of growth where nitrogen had become limiting (the idiophase”). At this 

stage the culture filtrate contained GA,, GA,,, GA2,, GA25,9 the di-acid (1) and the 
tri-acid (2). After 60 hr these metabolites were still present plus GA,, GA3, GA,, GA,. 
GA, 3, GA, 5 and GA, h. After 7 days the only change in the acidic metabolites in the 
culture filtrate was an increase in the level of GA,; the neutral metabolites in the culture 

(l)R=CHO (3) R’=Me; R2=H2 (6) R’= H; R2=OH 

( 2 1 R = C02H ( 4 ) R’= CH20H; R2=Hz (9) R’=R2=H 

( 5 1 R’ = CHO; R2=Hz (10) R’=OH; R2=H 

( 6 ) R’ = C02H; R2=Hz 
(7) R’=C02H; R2=0 

filtrate consisted mainly of 7p,l&dihydroxykaurenolide (8) but small amounts of 7P-hy- 
droxy(9)- and 3a,7/$dihydroxy(lO)-kaurenolides were also present. In the mycelial extract 
after 7 days en?-kaurene (3) was the major component but traces of cjrzt-kaurenol (4) 
and ent-kaurenal (5) were also present. 

5 MACMIILAS, J. and W~LS, C. M. (I 974) Pk,vtorhernis~r~~ 13, to be published. 
’ BOKROW, A., BROWU, S., JEFI-KEYS, E. G.. KESSEI.L, R. H. J.. Lmuu. E. C.. Lu~J, P. B.. ROTHWELI., A.. 

ROTHWEU., B. and SWAIT. J. C. (1964) Can. J. Microhid. 10. 407. 
’ BORROW. A., JEFFRTYS, E. Cr.. KESSI;LL. R. H. J,, LLOYII. E. C., Lr.ouo, P. B. and Nvx)~. I. S. (1961) 

Can. J. Microhiol. 7. 227. 
* Bu’Lo~K, J. D. (1967) Estq.s in Bios~nth~ris and Mirrohial Dew/opnwnr, Wiley. London. 
9 For structures of GAS see MACMILLAN, J. and PRYCE. R. J. (1973) In Ph~~~ochc~rnitr~~ (MII.I.ER. L. P., ed.). 

Vol. 111. Chap. 1 I. Van Nostrand-Reinhold. New York. 
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The mutant Bl-41a, grown on ICI 50%-N medium, was indistinguishable from its 
parent in rate of growth and morphological appearance. After 7 or 11 days no metabolites 
were detected in the culture filtrate when aliquots of derivatised extract, identical to 
those used for the parent strain, were examined by GLC. When much larger aliquots 
were examined traces of GA,, GA,,, the di-acid (1) and the tri-acid (2) were identified. 

A comparison of the concentrations of the di-acid (1) and GA, in the culture filtrates 
from GF-la and Bl-41a, grown under identical conditions, indicated that ca 2% of the 
di-acid and ca l”/;, of the GA, was produced by the mutant. A precise determination of 
the percentage leakage to GA, was obtained as described later. The mycelium from a 
5-day old culture of Bl-41a on ICI 5@x-N medium contained ent-kaurene (3), ent-kaurenol 
(4), and ent-kaurenal (5). As in the case of the parent GF-la, ent-kaurene (3) was the 
major component but the aldehyde (5) while present in amounts higher than in GF-la 
did not accumulate in the mutant. 

These results indicated that the mutant Bl-41a was blocked for GA-synthesis after 
ent-kaurene (3) and probably after ent-kaurenal (5). The position of the block was 
located by feeding to the mutant [2-3H,]-mevalonic acid lactone (MVL), ent-[15,17-3H]- 

kaurene, and unlabelled ent-kaurenol (4), ent-kaurenal (5), and ent-kaurenoic acid (6). 
When Bl-41a was grown on ICI 50x-N medium containing [2-3H,]-MVL for 6 days, 

the extract from the culture filtrate contained less than 1.7% of the radioactivity of the 
3R-MVL. The EtOAc-soluble portion of the mycelial extract which contained 33% of 
the radioactivity of the 3R-MVL was examined by TLC on SiO, developed first with 
C,H,-PE and then with EtOAc-C,H, in the same direction. Scintillation counting of the 
material recovered from each 0.5 R, zone showed that 15% of the activity of this fraction 
co-chromatographed with ent-kaurene (3) and ent-kaurenal (5), 27; with ent-kaurenol 
(6), and 3572 remained at the origin. The very low incorporation of MVL into GA, was 
also demonstrated by the quantitative determination of the percentage leak as described 
later. When mutant Bl-41a was grown for 5 days on ICI 100x-N medium containing 
unlabelled MVA, pigmentation did not occur and no ent-kaurene (3) was detected in the 
mycelial extract or in the culture filtrate. Thus at least one enzyme for the conversion 
of MVL to ent-kaurene (3) is absent or inactive during growth in non-nitrogen limiting 

media (trophophases). 
The mycelial and culture filtrate extracts from Bl-41a, grown for 6 days on ICI 

50x-N medium containing ent-[15,17-3H]-kaurene were examined by TLC as described 
in the preceding paragraph. In the mycelial extract 58% of the total radioactivity fed 
co-chromatographed with rnt-kaurene and 1.276 with ent-kaurenal (5). In the extract from 
the culture filtrate, 2% of the radioactivity co-chromatographed with ent-kaurene (3) and 

4% remained at the origin. Thus only 4% of the activity of the substrate was metabolised 
to more polar compounds. It is also clear from these results that ent-kaurene (3) occurs 
predominantly in the mycelium. Thus previously reported incorporations of various 
precursors into ent-kaurene, calculated from ent-kaurene isolated from the culture filtrates 
only, are probably gross underestimates. 

At this point, resuspension cultures of Bl-41a were used to ensure reproducible 
mycelium : substrate ratios and to reduce the levels of interfering endogenous metabolites. 
In this technique which will be discussed in detail in a subsequent paper, the mutant 
was grown on ICI 50%-N medium until after pigmentation had occurred. The filtered 
mycelium was washed with fresh medium containing no NH,NO, and adjusted to pH 3.5, 
then resuspended in this medium containing enr-kaurenol (4), ent-kaurenal (5), or ent- 
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kaurenoic acid (6). After 20 hr the extracts from the culture filtrates and mycelium were 
analysed by GLC. From ent-kaurenol (4) and ent-kaurenal (5). no metabolites were 
detected in the culture filtrates and the GLC trace of the derivatised mycelial extract 
from each feed was identical to that of controls except for the intense peaks of the 
unmetabolised ent-kaurenol (4) and ent-kaurenal (5). In contrast rdnt-kaurenoic acid (6) 
was rapidly and completely metabolised by resuspended cultures of B I-41a. After 20 hr no 
ent-kaurenoic acid was detected in the mycelium or culture filtrate, and the latter was 
shown by GLC and GC-MS to contain the same metabolites in approximately the 
same amounts as the culture filtrates of an unsupplemented 7-day culture of the parent 
strain GF-la. 

These feeding experiments show that the genetic defect in mutant Bl-41a interferes 
with the conversion of elzt-kaurenal (5) into mt-kaurenoic acid (6). To determine the 
amount of leakage in the mutant, a comparison was made of the incorporation of 
MVL into GA, by the mutant and the parent strain. Mycelium of each strain in the 
idiophase was resuspended in ICI OS,:-N medium containing [2-“Cl-MVL. After 5 days, 

cold GA, was added and the recovered [‘YY]-GA, was purified by TLC and crystallised 
to constant activity. The incorporation of MVL into GA, was 21”,, for the parent 
GF-la and 0.54% for the mutant Bl-41a showing that the leakage at the block was 
2.55 F 0.1%. To correct for the cold GA, produced by GF-la from the unlabelled 
precursors, the experiment was repeated under the same conditions without added MVL; 
the unlabelled GA, produced was determined by isotope dilution of [‘“Cl-GA, added 

to the culture after 5 days. The corrected percentage leak at the block was 2.47 i 0.1. 
The rfzt-kaurenoid substrates fed to mutant Bl-41a were obtained as follows. ~nt-7- 

Oxokaurenoic acid (7) was prepared from 7/?-hydroxy kaurenolidc (9) by the methods 
of Cross et a/.” and Hanson and Hawker.” Wolff--Kishner reduction of the keto-acid 
(7) to ent-kaurenoic acid (6) required a sealed tube to maintain the temperature 
recommended by Galt and Hanson.” The use of ethylene glycol in place of diglqmc 

allowed a reaction temperature of 215.. However. when the reduction leas performed in 
an open tube, ent-kaurenoic acid (6) was obtained in low yield and a second product was 
obtained in 40:/i yield. The latter compound was identified as a l&17-dihydro 
derivative of ent-kaurenoic acid by MS and NMR of the Me ester. When the reaction 
was conducted under N?, cnt-kaurenoic. acid (6) was the sole product. These results 
suggest that the olefinic double bond had been reduced by di-imidc formed by aerial 
oxidation of hydrazine. LiAlH, reduction of methyl crlr-kaurenoate gave c>nr-kaurenol 
(4).13 Oxidation of the latter with the CrO,&,H,N reagent in CH2Cl, by the method 
of Ratcliffe and RodehorstlJ gave erlf-kaurenal (5) in good yield. The aldehydic proton 
of ent-kaurenal appeared as a doublet (-I 1.5 Hz) in the NMR spectrum. In similar 
compounds this splitting has been attributed15 to long-range coupling with the 3r- or 
6u-protons. However, irradiation at the 4-Me signal (T 8.99) caused collapse of the 

aldehydic proton doublet suggesting W-coupling to one of the 4-methyl protons. 
ent-Kaur-16-ene (3) was labelled at the 15- and 17-positions via the 16carbonium 

‘(’ CROSS, B. E., GALT, R. H. B. and NORTON. K. (1968) Trf~crk&on 24. 231. 
I1 HANSOX, J. R. and HAWKER. J. (1972) Terruhedrolz 28, 2521. 
" GALT. R. H. B. and HANSOS. J. R. (1966) ‘Tetrahrdmn 22. 3187. 
I3 GALT, R. H. B. (1965) J. C&TX SOC. 3143. 
I4 RATCLIFFE, R. and ROIXXORST. R. (1970) J. Oq. C‘hcrn. 35. 4000. 
I5 HFYIXICKS. C. A. and JFmmm. P. R (1964) ~I,s/IY~/~~I .I. Chr. 17. 915. 
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ion by treatment with [‘HI-CF3C0,H or [3H]-CF,C0,H in C,H6. The resulting 
equilibrium mixture of 15,17-labelled ent-kaur-16-ene (3) and ent-kaur-15-ene (11) was 
separated by TLC. The rate of exchange, followed for [‘HI by GC-MS, was slower in 
DMSO and THF but was faster at increased temperature and acid concentration. 
Complete exchange was not achieved since a compromise between olefinic and addition 
products had to be accepted. A typical distribution of deuterium in ent-kaur-16-ene 
was 3%~[‘H,], 8”,/,-[2H,], 26%-[2H2], 44%-[2H,] and 16%-[2H,]. The [2H]-atoms were 
located in ring D from the mass spectroscopic fragmentation in which the m/e 229 ion 
from ent-kaur-16-ene arises by loss of ring D plus three [‘H]-atoms.‘6 In the [‘HI- 
compound the m/e 230, 231, 232 and 233 were not significantly more intense than those 
from the unlabelled ent-kaur-16-ene. The equal distribution of [2H]-label between the 1% 
and 17-positions was shown by oxidation to the nor-ketone (12) which contained 54% 
of the [2H]. As in the case of the MS of ent-kaur-16-ene the unlabelled nor-ketone (12) 
fragments with loss of ring D (MeCO, 43 a.m.u.) to give an ion m/e 231.16 In the MS 
of the C2H]-nor-ketone the peaks at m/e 232 and 233 are only slightly more intense 
than those from the unlabelled nor-ketone (12). These results show that 54% of the 
[2H]-label in the ent-kaur-1Bene is located at the 15-position and 46% at the 17-position. 
The slightly greater proportion of label in the nor-ketone may be due to the formation 
of ent-14-[2H]-beyer-15-ene (13) from the treatment of ent-kaurene with acid.” Tritiation 
of ent-kaur-16-ene (3) gave ent-[ 15,17-3H]-kaur-16-ene and the A-l 5 isomer in yields of 
15% and 35’;/;, respectively. The low yield can be increased by re-cycling and conversion 
of the 16-alcohols to the olefins.18 

EXPERIMENTAL 

Cultures. Mutant Bl-41a and parent strain GF-la of Gibberella fujikuroi were maintained on potato- 
dextrose-agar (PDA) slants and stored at - 5”. 

GLC conditions. Me(CH,N,) and MeTMS (Sweeley’s reagent) I9 derivatives were analysed as follows: 
(A) Silanised glass column (152.5 x 0.64 cm), 2% QFl or OV210 on demineralised and silanised Gas 
Chrom A (80 100 mesh). N,-flow, 75 ml min- I ; (B) 27; SE33 or OVl as in A; (C) Silanised glass column 
(152.5 x 032 cm), 2’2, QFI on demineralised Gas Chrom A (80-100 mesh). N,-flow, 30 ml min-‘; (D) 2% 
SE33 as in C. 

CC-MS. As in Part VIIzo except for GLC conditions. 
Culture com1itinn.s. Sub-master cultures were grown on PDA slants for 3 days at 25” in light and used 

to inoculate ICI 50j’/,-N medium (50 ml), l1 in conical flasks (500 ml). The cultures were grown for 4-5 days 
at 25’ under fluorescent light on an orbital shaker at 210 rpm. A mycelium suspension (1 ml) was then taken 
to inoculate fresh medium (50 ml) in a conical flask (500 ml) which was grown as before for 24 hr. Sub- 
culturing was repeated and for non-replacement cultures the culture was grown as before for 5-11 days; in 
resuspension cultures the mycelium was collected by filtration after 3 days and re-suspended as described later. 

Non-replarrrnerrr culrrrrrs. (a) Mrtabolim of srrain GF-ln. The culture filtrate from a 7-day culture (50 ml), 
separated from mycelium by centrifugation at 4000 rpm for 15 min, was adjusted to pH 2.5 with 2N HCI. 
The EtOAc extract (2 x 100 ml) was partitioned with satd NaHCO, soln (2 x 100 ml) and the neutral and 
acidic fractions were recovered in EtOAc in the usual way. The methylated acidic fraction was analysed by 
GCMS using the GLC column C, programmed from 200” at 2” min -I. The following metabolites in order 
of elution were identified: GA2s, GA,,, GA,, the tri-acid (2), GA,3. the di-acid (I), GA,, GA,, fujenal 
(anhydride of I). GA,s. GA,,. GA, and GA,. GC-MS of the MeTMS-derivative of the acidic fraction using 

l6 EVANS, R. and HANSON, J. R. (1972) J.C.S. Perkin I 2382. 
” APPLETON. R. A.. MCALEES. A. J.. MCCORMICK, A.. MCCRINDLE, R. and MURRAY, R. D. H. (1966) J. Chem. 

Sot. C, 2937. 
I8 CROSS B. E. GALT, R. H. B.. HANSON, J. R., CURTIS. P. J., GROVE, J. F. and MORRISON, A. (1966) J. Chem. 

sot. (0 293;. 

I9 SWE~LEY, C. C.. BENTLEY, R., MAKITA, M. and WELLS, M. M. (1963) J. Am. Chem. Sot. 85, 2497. 
*’ BEARDER, J. R., MACMILLAN, J. and PHINNEY, B. 0. (1973) Phytochemistry 12, 2655. 
” GEISSMAN. T. A., VFKBISCAR, A. J., PHINNEY, B. 0. and CRAGG, G. (1966) Phyfochemisrry 5, 933. 
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GLC column C programmed from 180 at 7 min ’ confrmed the presence of GA, .>. the di-acid (I ). the 
&i-acid (I), GA,. GA,. GA, and GA,,. GCMS of the TMS-derivatiscd neutral fraclmn under the same 

GLC conditions showed the presence of 7/j-hydroxykaurenolide. 3/1.?p- and 7/1.1X-dihqdroxyhaureri~~lides. The 
mycelium was shaken for 24 hr with McOH (25 ml) then centi-ifugrd. The supcrnatant nas evaporated to 

dryness under vacuum. The residue was partItioned between aqueous acid (pll 2.5) and FtOAc. The latter was 
recovered and methylated: GC MS analysis with column D at 200 showed the prchcnce of crlr-haurene (3) 

and traces of en{-kaurenol (4) and rflr-kaurenal (5). In a time course stud) GF-la was cultured on 25 ml of 

ICI IO”,,-N medium. The culture filtrate5 from 36-hr. 60-hr and ?-da\ culture \rcrc c4tracteJ and anal>>cd 

by GCMS as described above. After 36 hr the culture liltrates con&cd GA?,. GAzl, (;.A,,. the trl-acid (2). 
GA,, and the di-acid (I). After 60 hr the Culture liltratc contalncd the same mct,lb<jlltc\ a\: the kla! c~~itur-cs. 

apart from the lower conccntratinn of GA,. 
(b) !!i’rfah~~/isr~f o/’ UIU~~I/I~ RI -1lf/ ,I! .i-r/c~j, rrnd I I-dirj, c.rrlrurc~. (‘ulturei (50 ml] \\r’rc \\ot-ked up as 

described in (a). GLC (column A. 200 ) of an ahquot (I 300) of the Me c\tract from the culture liltrate 
gave no significant FID peaks although the same aliquot from a control culture of the pal-ent strain GF-la 
showed intense peaks of the metabolitcs identified b) GC MS as drhcrlbed in (a). Ahquots of 1 50 from the 
Bl-31a extract and I 2500 from the control GF-la extract gate \imllal- GLC tracts. The ML: extract from the 

mqcelium was shown by GLC (column B. 100 ) and I>! Gc‘ MS (column D. ZOO 1 t 0 cantall? iz,lr-haurcnc (3) 

and traces of c,nr-kaurenol (4) and cri/-haurenal (5). 

(CJ [2--‘H, J-n,fI L./WI to Bl-41‘1. (3-KS)-[2-“H,]-MVL (l-79 x IO- dpm of R-isomer-) \ias ad&d to the 
medium (50 ml) immediately after autoclaving. After 6 days the cultul-c wab Morkcd up as in (a) to gibr a 
total culture filtrate extract (7.0 x IO dpm. 1.6”,, incorporation) and ;I mvcelial e\tr;tct (5.86 r IO” dpm. 33”,, 
incorporation). A portion of the latter ias developed ;jn an SiO, Ia)er &th C,H,, PE (3 : 2) for 15.~1~ and 
the dried laker was then devcloned with C,H, EtO4c (9 : 1 I for 9.5 cm in the same direction. Bands of silica 
gel uere re&ed at 0.5 cm in&als and shzyken v,ith scintillation fluid *hi& wa\ ihen counted. Four main 
Tones (dpm) were detcctcd at 0.0 I.0 cm (I.3 x 10’~. 6.5 7.5 cm (5.5 x 10’. R, (11 <t,lr-kaurennl). h,i 9.5 cm 

(3.0 x 10J.prcsumcd R, ofolearyl oslde).and 10~0 I I.ocm(5~6 Y IO”. Rt Ofi’lfr-kililrc’llr):;1 small pea!, I I..3 i: IO-‘) 

occurred at 20 2.5 cm (r/ir-kaurcnol). 
(d) ent-[15.17-ZH]-~tr~rrc,nt,~c,r(/ 10 Bl-311,. ‘The substrate (7.66 x IO” dpm) was fed to a culture (50 ml) a:, in 

(c). The EtOAc cstract from the culture filtrate contained 4.9 x IO’ dpm (6.&‘(, incorporation) and the m>cclial 
extract contained 4.8 x IO” dpm (62”,, incorporation), A portion of the m~cchal c\Il.act WI< e\amincd bq 
TLC a:, described in (c): 5X”,, of the radioactivity fed co-chromatogr3phcd with I,fic-haurcnc and 2,.1”,, \\lth 
rrlr-kaurenal. TLC and radio-counting of an aliquot of the extract firoin the culture liltrate in the bame wit> 

showed that 1.7”,, of the acti! it) fed co-chl-om:ltographcci \cith c,flr-kaurcnc and -II”,, remumcd at the origin 
Rr-sl,.cll”l~let/ m/fur~\. The mqcrllum from the 24 hr sub-cullurc (50 ml) N ;I> \rashed rind rc-suspended in 

ICI (I”,,-N medium contninmg KH,PO, (13.~1 g I-‘). The pH \%;Is acijusted IO ?i !\ith 2% fl;SO,. The 
unlabelled substrates (0.5 I.0 mg) were dissolved in the minimum LOI. of acetone ami added to hcrt sterile 
Hz0 (5 ml) in a conical flask (100 ml). Mycelial suspension (20 ml) ~~1s :Iddcd and zncubated for 70 III 
at 25 on a reciprocal shaker. ‘rho’ culture< \vcre worked-up as described for non-replaccmtnt culture\. 

(a) Frrtl q/’ ent-korrrcrlol llrlr/ ent-,&rciffil if) BI-410. GLC (colum H. 300 ) of the mcth~l:ttcd extract 
from the culture filtrate of each fcsd game no significant peak.4. G(’ MS of lhc mcth~lated m!cclial extract 
on column D at 210 shoHed the pl-cscncc of unmetaboli\rd substrate only. 

(h) ent-Krrlrrc,rloic, rrc,ic/ pc~d IO UI-41~ The following metabolitch m order of clutlon \sere idzntified b) 
GC MS of the hlc extract front the culture filtrate on column (‘ programmed from 315 2.W at 2 min ‘: 
GA,<. GA 2J. GA,. GA Ia. the trl-acid (2). GA, 3. the d-acid (1 t. <;A,. (;2-. ~/(-~!LII-o\~ k,~urcnc~l~Jc. fuicn;rl. 
GA,,, GA, and GA,. 

(c) (~-RS)-[~-“C]-.W~L fit/.\ 10 BI-41~ LUI~ GI-lo. The [“C‘]-MVL (2-I x 10” dpm of R-l\omer) was 
included in l-c-suspension medium which had pH 4.X. After 5 da!?’ Incubation 170.1 and l-13.2 mg GA, were 
added to the RI-31~1 and GF-la cultures respectively. The IitOhc (i Y 50 ml) eutractcd material was sub~cctrd 
to TLC on SiO, with EtOAc CHCI., AcOH (15 : 5 : I). The GA,. rccovercd from Ii, 0.40 ill \\ct Et&\c. ~a> 

crystallised (x4) from Me2C‘0 PE to gi\c successijc dpm (i?‘,,) of 175. 122. Ii- ad II7 from RI-412 
(O.%“,, incorporation) and of 4532. ?922. 3765 and 3X30 from GF-la (21”,, illcot-l,oratlon). Thus the incornora- 
tion into GA, from MVL in Bl-31a nab 2.55 _C @I”,, of that in Gf:-l‘n. 

(d) C0!lfr0/ iwuhtriim for I<). C uIlul~\ \vr~-c pro\\n as (c) c\ccpt that [3-“(‘1-M\‘I. ~2, not ~ncludcd in the 
rc-\llapcnsion medium. ,Aftcr S da\\ ~~~cuhation of rc-\uhpcndc‘d mqcelium of HI-41~1 ,~nti GF-la. -IS I ;~ntl 
50.4 mg of [“(‘]-GA, (.%)I-Y tlpm mg~ LLCI-I: reqlcctlvel\ added and the culture filtl.atcs v.crc \\orheci up ;I< 

in (c). From Bl-3la the recovrl-cd GA, had a specific :;cti\ity of 209-1 k .J dpm mg (no slgnifican~ dilution). 
From GF-la the recovered GA, had 769.9 i 3 tlpm mg: this dilution corresponded to the production of 
5 3 k 0.2 mg of cold GA,. The corl-ccted amount of cold GA, pl-escnt in the diluted culture of GF-la in (c) 
was thus 14X.5 i 0.3 mg and the cot-rcctetl lieId of GA, from 111-41:~ R;I\ 7.17 + ().I”,, 
strain GF- la. 

<If that flrom Ihc parent 

~nt-K~~-l6+11-19-~~1~~ crc/rl (61. Following the proccdurc of Gait and Hanson ” hut replacing the digljme 

Nlth ethancdiol. ~~jlr-?-o~ohaurciloic acid (IX n-19. m p, IOS 201 I in cthancdiol (2 ml) .tnd hjdra/ine h!tlratc 
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(0.5 ml) were heated at 150” for 3 hr. KOH (0.3 g) was added and the mixture heated at 215-225” for 3 hr. 
Work-up in the usual way gave two products (GLC of Me esters) separated by TLC on 10% AgNO,-SiO, 
with EtOAc-PE (3 : 7) into ent-kaur-16-en-19-oic acid (8 mg) m.p. 165-166” (lit.” m.p. 166167”), identified 
by NMR of Me ester, and the 16-epimers of ent-kauran-19-oic acid isolated as the Me esters (8 mg); m/e 318, 
303, 280, 275, 259 and 244; T 9.18 (3H, s), 9.01 (1,5H, d, _I 6 Hz), 8.81 (1,5H, d, J 6 Hz) and 6.38 (3H, s). The 
above reaction under N, gave enr-kaurenoic acid (22 mg) from ent-7-oxokaurenoic acid (43 mg). 

ent-Kaur-16-en-19-al (5). ent-Kaur-16-en-19-01 (10 mg, m.p. 138-140”), prepared’ by reduction of Me 
ent-kaurenoate with LiAIH,, was dissolved in CH,CI, (10 ml) and treated with CrO,-C,HSN reagent (0.1 ml) 
for 15 min at 20” (see Ref. 14). The mixture was washed with 0.2M NaOH, then H20. Recovery gave 
ent-kaurenal (7 mg) m.p. 112.5-114” (from EtOH-H,O) (lit.** m.p. 114”) identified from its MS;” t 9.12 
(3H, s, 20-H,), 8.99 (3H, s, 18-HA), 7.83 (2H, br, 15-HZ). 7.34 (lH, br, 13-H), 5.24 and 5.20 (each lH, br, 
17-H,), 0.35 (lH, d, J 1.5 Hz, 19-H). 

Deuteration ofent-kaur-16-ene. ent-Kaur-16-ene (35 mg) was dissolved in 2% [*HI-CF,C02H-C,H, (10 ml). 
After 13 hr at 20” satd KH,PO, soln was added and the organic phase was diluted with PE, then washed 
with HZ0 ( x 3). Evaporation under vacuum gave an oil, purified by TLC on SiO, with PE. The mixture 
(22 mg; 1 : 3) of ent-kaur-16-ene and ent-kaur-15-ene, recovered from R, 0.75 was dissolved in THF (20 ml) 
to which 0~0, (7 mg) and NaIO, (500 mg) in Hz0 (10 ml). After Z! days at 20” with stirring the THF 
was distilled off and the aqueous residue, to which more H,O was added. was extracted with EtOAc. The oil 
(19 mg), recovered from the EtOAc extract, was analysed b; GLC and CC-MS (column C at 180”), showing 
the presence of ent-17-norkauran-16-one. From the intensities of the M’ and M+-15 clusters by GC-MS, the 
norketone had ca 54% of the [‘HI- content of the enr-kaurene from which it was derived. 

Tritiation ofent-kaur-16-ene. ent-Kaur-16-ene (25 mg) was dissolved in 2% [3H]-CF3C02H-CsH, (10 ml). 
After 13 hr at 20” the reaction mixture was worked up as in the previous experiment. The product (26 mg) 
was purified by TLC on SiOz in PE and the material recovered from R, 0.75 was re-chromatographed on a 
10% AgNOJ-SiO, layer in &H,-PE (3:2). Recovery of the material at R, 0.3 and 0.6 gave [3H]-labelled 
ent-kaur-16-ene (4 mg) and ent-kaur-15-ene (9 mg) identified by GLC and GC-MS. The ent-[15,17-3H]-kaur- 
16-ene was chemically pure by TLC and GLC and radio-chemically pure by GC-RC. The sp. act. by 
scintillation counting was 6 x 10’ dpm/mg. 
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