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Ahsirac-Gibberella fujikuroi utilizes (-)-kaur-16-en-19-oic acid as a precursor for the synthesii of gibber- 
ellins. A study of the time-cows e of the conversion of kaurenoic acid into gibberellins provides evidence 
that the sequence of steps involves an overall change toward higher oxidation levels, with GA-4 and GA-7 at 
an earlier stage on the synthetic pathway than GA-l and GA-3. 

INTRODUCTION 

m observation by Katsumi et aZ.l* * that (-)-kaur-16-en-19-oic acid (I)3 and some related 
diterpenoid compounds stimulated seedling elongation in the dwarf maize mutants d-5 and 
an-l has led to the investigation of the role of (I), the corresponding kaurenol (II), and (- > 
kaurene (III) in gibberellin biosynthesis. The gibberellin-like activity of the kaurene deriva- 
tives in dwarf maize suggested the possibility that they were converted in these mutants into 
gibberellins and that the growth response was a refIection of the biosynthetic pathways by 
which the natural gibberellins are formed. 

(I)R=CQOH 
(II) R = U&OH 

(III) R = CH3 

An early suggestion that gibberellin A-3 (GA-3) is produced in Gibberella fujikuroi 
cultures from diterpenoid intermediates was first ma& by Birch et al. who carried out feeding 

* contribution No. 1960 from Department of Chemistry, UCLA. 

’ M. KATSUMI, B. 0. PHINNEY, P. R JEFFE?UW and C. A. HENIWX, Science 144,849 (1964). 
2 B. 0. PHINNEY, P. R. JEPFBRIBS, M. KATSUMI and C. A. HENaICK, Pkmt Physiol. Supal. 39, XXVII (1964). 
3 C. A. HIMUCK and P. R. JEFFERDS, Chem. & Ind. (L.mrtOn) 1801, 1802 (1963). 
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experiments with carbon-1Clabeled acetlc and mevalonic acids which indicated that gib- 
herellic acid was formed through the normal isoprcnoid pathway of tcrpcne biosynthesis? 
The general scheme of synthesis of compoundx of this clash has been &cu+cd by Wenkrt.’ 

Further support for this view was recently prokidcd in a study by Cro+, Gait and Hanson.” 
the results of which appeared while the present worh ~vas in progres\. They li7und that ( -- )- 
haurene- 17-“‘C ~3s transformed by C;. flrjrl\rrroi cultures into gibbcrcllic acid (G.4-3) Mithout 
alteration of the pobition oi’thc label. The gibberellin GA-9. slmilarlg labclcd \\a~. however. 
not converted to GA-3 \rhen fed to the fungu\ culture. T!lc dihco\ cr> ~11‘ ( - )-Laurcnc ithell‘ 
in natural cultures of the fungu>’ adds further support to the LIC‘M that the pathM;I\ of tcr- 
penold synthesis through kaurcne is theprocessby I\ hich these gr~~\~th-pr(~m~~tlng clmpound\ 
arise in nature. The operation of this pathway in higher plants has recently been observed. 
In homogenates of cndosperm-nuccllus tissue of immature _k’Jri~~q s/is mwrmrpu (wild 
cucumber) seed, (- )-kaurene and (-)-kauren-19-01 \vere produced from metalonic acid- 
I_lJC.” 

While these studies have probided evidence in support of a general pathway ofgibberellin 
qnthesis by the isoprenoid route. little evidence of a comparable kind exibts concerning the 
metabolic relationships between the numerous gibberellins themselves. The recent isolation” 
of a number of new kaurene-related metabolites from G’ibberellafr~i~l,roi provides material 
for much speculation in this regard but definitive experiments are still lacking. 

The gibberellin-like activity of kaurenol (II) and kaurenoic acid (I) and the accessibility of 
these compounds in labeled (at Cl71 form led to the bvork described in this paper. Our primary 
purpose was to use the fungus as an aid in parallel studies of the fate of haurenol and kaurenoic 
acid in maize mutants. and advantage wa5 taken of the opportunity to eaamine the metabolic 
products formed in the fungus cultures. 

RESULTS 

S_wthetic Growth Mediirm _tor Culture oj G. fujlkuroi 

Borrow et ~1.~~-” noted that most of the final yield of gibberellins is produced by the 
fungus after the maximum dry weight of mycclium has been attained and the rapld uptake of 
\ugar and ammonia nitrogen has ceased. Also, Cross and his cwvorhers. in their study of 
the metabolism of (- )-kaurene by the fungus.(’ found it expedient to add the hydrocarbon to 
the culture nhen the nitrogen ofthe solution had become exhausted. With these r&ervation\ 
in mind, three media were prepared with larying amounts of mtrogen as the limi?mg nutrient. 

1. PDL. Potato dextrose liquor, a potato starch e\ctract of unknwn nitrogen content.‘-’ 

‘A. J. BIRCH, R. IV. RICE~RD\ and H. SMITW. Pm-. C’hm. Sot. 192 (19%). A. J. BIKC~I. R. IV. RN K \RD\. 
H. SMIT~I, A. HARRIS and W. B. WHAI LEY, Tetrolwborr 7, 241 t 1959). 

5 F-. WtKiRI.RT, C/Wir. & I//d. ( f.Mlt/Un) 282 ( 19%). 
I1 R. F. CKMS), R. H. B. G-ZLI nnd J. R. HANSON. .I. Clwrm Ser. 295 ( 1964). 
’ B. E. CKOSS, R. H. B. Gm. J R. H4-w)~. P J. Crr~m, J. F GKOVI and A. M)RRIWS, .I. E%M?. Sm. 

2937 t 1963). 
’ J. GHMHE. D. T. Dmurs, C. D. IJPPFR and C. A. \b9T. J. Bid C/rcw. WO. 1847 (1965). 
v B. E. C~o.rs, R. H. B. G \L r and J. R. HANSON. J. C/~em Sm.. J783 (1963). _ 

I0 A BOKROH.. E. G. Jti EEK\ ,. K Ii 5. KPSW.L. F. C. LI 01 D, P. B. LI o‘t D and J. S NIVW. Cm. J. .Ifkrohid. 
7:227 (1961). 

Ii \. BORKIW, S. BROV.N. E. Cr. JFTFEK~S. R. H. J. KFSSELL, E. C. Lrom P. B. LLOYD. 4. RUTMFLL. B. 
RIITIIW’ELL and J. C. S\VAlT. J. Bid C/z~wz. 10. 407 I 1964). 

I? 4. B~KROW, P. W. BKIAZI. V. E. CHIMER, P. J. Cmw, H. G. H~+IsIIN(;. C. HEI\IH~N. F. G. JIWK\J. 
P. B. LLOYD, J. S. NIYO~, G. L. F. NORRIS and M. RADLEY, J. Sci. Foot/ _Jp. 6, 3-10 (1955). 

I) K. C. JONES Lolatlon and Charactenzation of a New GIbberelhn Produced b\ FIMUU~I RIOII~/I$PI~L~ 
(Saw.) Wr. ih.D. Thesis submitted to the Univerqty of California. Lns Angeles (i-963). 
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2. ICI, The medium used by the Akers Laboratory group with 4.8 g/l., or 10 times the amount 
of ammonium nitrate, was found to be unsatisfactory for gibberellin production under our 
conditions of growth. 3. 10% ICI, The normal ICI medium with 10% of the amount of 
ammonium nitrate as follows: 80 g, glucose; 0.48 g, NH4NOs; 5-O g, KH2P04; 1-O g, 
MgS0,+:7HJ; 2 ml of the following trace element solution: O-1 g, FeS04.7Hz0; O-015 g, 
CuS04.5Hz0; O-161 g ,ZnS04*7HsO; 0.01 g, MnS04*7Hz0; 0.01 g, (NH&Mo,O~~*~H~O 
(ammonium molybdate); distilled water to 100 ml; the complete medium being made up to 
11. with distilled water. 

The media were inoculated with G. fijikuroi Lilly strain M-l 19, incubated at 26” in De 
Long culture flasks on a rotary shaker, and the gibberellins produced were isolated. Total 
gibberellin production was estimated by means of assay on dwarfdd mutant maize seedlings, 
and by observation of the intensity and variety of the blue fluorescing zones on thin-layer 
chromatograms. The 10 % ICI culture was found to produce gibberellins in both the quantity 
and variety desirable for our purposes in a reasonably short time. Although the potato 
dextrose medium also gives a good variety and quantity of gibberellins in a minimum of time, 
the 10 % ICI medium was chosen for use because it is a synthetic medium of known composi- 
tion. Furthermore, the low nitrogen media turned pink on the third day of incubation, and 
this color change seems to correlate approximately with an increased rate of gibberellin 
production. The procedure adopted as a result of this study was to use the appearance of the 
pink color as an indication of the best time to add the radioctive compound being studied. 

Biosynthesis Studies 

A culture of Gibberella fujikuroi was grown for either 3 or 7 days in the 10 % ICI medium, 
at which time (-)-17J4Gkaurenoic acid was fed. The mycelium was harvested after periods 
of growth described below. Conversion to metabolic products in the 4-hr run was high 
(Table 1) and recovery of purified “acidics” (Fraction E, see Experimental section) compared 

Feeding time 4hours 2dw 7&P 15days 35 days 
Days growth 

before feeding 7 3 3 3 3 
, t+w--- 

Sample 1 
W-kaurenoic acid* 5.0 

%o 1 2 1 2 1 6.29 1 2 
5.5 5.5 6.9 6.9 6.9 6.9 69 

Mother liquors (A) 0.19 0.10 0.32 0.27 0.34 0.36 0.59 066 0.90 0.89 
Neutrals (B) 0.36 0.34 040 0.30 0.43 044 0.56 0.51 0.53 0.53 
Aqueous misc. (C) 0.04 0.04 0.14 0.11 0.16 0.17 0.34 0.42 0.23 0.19 
Acidics crude (D) 2.61 2.48 2.77 268 4.10 4.10 4.68 4.68 4.42 440 
Total recovery 3.20 2.96 363 3.36 5.03 5.07 6.17 6.30 608 6.01 
RecoveTy (%) 64 59 66 61 73 73 90 91 88 87 
Acid& purified (E) 2.06 228 2.09 2.37 2.77 2.78 3.74 3.70 3.54 3.83 
(E)as%offeed 41 46 38 43 40 40 54 54 52 56 

* Kaurenoic acid fed in ICC. Figures for recoveries are in ~.IG 

well with the results of longer feeding periods: 41 and 46 per cent of the administered radio- 
activity was found in this fraction in the two 4-hr experiments. This activity is due to acidic 
conversion products since it has been found, and confirmed by control experiments, that 
under the conditions used in the separation procedure kaurenoic acid partitions into the 
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neutral phase. This ~~1s established by the observations that ((I) no radioactivity \vas found 
at the R, value for kaurenoic acid on TLC plates of the acidic E fractton,; (h) TLC in solvent 
system 1 (see Experimental1 of the “neutral” fraction B from a 7-da> e?.pcrimcnt sho\\cd a 
radioactive spot corresponding In position and blue u.v.-fluoresccncc to ;~uthentic I\:lurenolc 

L---___ ---- 
Front -T+ I* 

FIG. I. PREPARAIIW TLC ot IHF MTUIC IRACTION ok G~/,ht,rc,/krfuiiX-rnoi 41 WR ~~rrmti UIIH 
( - I-~7-‘4C-liAUR~hOI(. A( 11). 

Swan 46: 4-hour feed after 7-day growth; punfied acldrcs; charge. _ ‘+M 1~: range. 30,000. Authentic 
standard: GA-3. Rf 0.13. Analysis: R, 0.13; a strongly blue-fluorescmg band and radio-pe& 
dlstmctly appear in rcchromatogrdphy ofthls zone. GA-I ldentllied by dilution and recr>stalhzotlon 
to constant specific actnity. Also contams GA-X R, 043; a broad blur-fluorescmg racho-peak 
resolved on rechromatography mto GA--I, G.4-7 and compound H (see telt). XII contrlhutcd to blo- 

and racho-actlvlt>. Rf 0 81: Blue-fluorescing, radIoactIve, hlnactnc. Prtrhubly G 4-9. 

R, 0 09 

Front 

Scan 37: ?-day feed after 3-da) growth; purltied acldlcs: charge ,109 pc: ~angc, 3O.ooO. Authentic 
standards: GA-3, Rf 0.11: GA-Id+ 7. R, O.-IO. An,tl~s~s: R, 0 09: d strongly hluc-fluorexxng band 
and radio-peak that IS prmclpally GA-3. R#lY: a lluorescing band and radio-shoulder that shotted 
no bloactivity and did not correspond to authentic GA-5 01 GA-6. Probuhlq a non-glhberellrn. 
R,0.3Y; a blue-fluorescing band and radio-peah that corrc\ponds to G.4-J- CL\-7 
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acid; and (c) when authors 14G-kaurenoie acid was partitioned between O-5 N sodium 
~bonate and et&y1 acetate, it was fotmd in the organic phase. In longer runs (after 15 days) 
the kaurenoic acid had been completely metabolized as shown by absence of radioactivity 
or fiuorescence at the Rf value for kauraoic acid on TLC plates of the neutral fraction B, 

It is also to be noted (Table I) that after longer feeding times the radioactivity in the 
mother liquors A increases, probably as a result of metabolic degradatjon of the gibberellins 
into water-soluble compounds. 

The purified acidic fracdon E from the 4&r run was separated on preparative (1 mm 
thick) TLC plates with solvent system I. An authentic GA-3 standard was run on the same 
plate, and a fight 5 % ethanoEc sulfuric acid spray disclosed several blue4 uorescing (u.v.) 
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_- _ -.-- -- ~_ J 

\ 

Scan 10: 15&y feed after 3-day growth; purttied acrdtcs; charge, 3 74 +. range, 100.000. Authentrc 
standards: GA-3, R, 0.11. GA-4+7, R, 0.51. Analysrs: R, 0.11 , GA-3 (wzdatcd and recryatalhzed 
to constant specific acttvrty J. R, 0 27; rechromatography showed that lhrs Ion< dud not correspond 
with GA-5 or GA-6. The radro-peak mny be due to a non-gtbbcrcllm. R, 0 65: unknown: no 

tluorescence or bioactnrty . K, WY4: probably GA-9 by eompart<on v~ :th nuthentrc standard. 

I 
n.e4 0-76 0.61 

-r----- 

:- 
L_____ .-_ --- .___ -_--_- ..-. _ -_.-. -__ __ 

Scan 71: 15-day feed al’tcr 3-day growth. Control plate. 0.25 mm thrck \tlica gel-G. 4uthentrc 
standards: GA-3, RI 0 08; GA-q-!- 7. R,O.32. Spots outlmcd are VISIML fluorescent JIY~S in 15 cm 

run, shown in outhnc (dotted liner. Radio-scan shown ,I\ su~wm~posrd curve. .Znalys~x: R, W8: 
G.43 correspondmg to nuthemrc standard. 
R, 0.32; 

R, 0.21 ; unknown radio-peal\ and iluorc.xcn,x. 
GAlf 7. No radro-peak. but fluorescent hand corrcqxmdmg to suthenttc standat d. 

R, 047; unknown radio-peak and fluorcsccnt band. R, 0 61; red iluorocmg non-gMerellm. 
R, 0.76: GA-9. Elutcd and rechromatographed to shop complete correqxx~dcnce IO authcrrt ic 

~tundard. R, fNJ4: blue fluorc<cmg hut not ~W:ICII\ c. 

bands. A radio-scan of the plate revealed radioactivity in the GA-I +GA-? region (these 
two gibberellins have nearly the same Rf value in this solkent system). However the mqor 
radio-peak appeared \\here ;L broad blue-fluorescing hand. corresponding to GA-14 GA-7 
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was visible (Fig. 1). A third radio-peak appeared at a higher R/value corresponding to GA-g. 
On purification this area showed fluorescence and a weakly positive growth response in a 
d-5 assay; a study of this material is described in the sequel. 

The silica gel zones located by these means were scraped from the plate, extracted with 
ethanol, and rechromatographed (TLC) in two ways: preparatively (on 1 mm plates) for 
further purification; or qualitatively (on 0.25 mm plates) for comparison with specimens of 
authentic gibberellins. 

The same general procedure was followed for the 2-, 7-, 15-, and 35day feeds (Figs. 2-7). 
In some cases, zones were located, without spraying, by reference to a control plate carrying 
authentic gibberellin. 

Front Origi 

FIO. 7. PlZEPARATIvB m OF THE ACIDIC FXACI’ION OF Gibberella f~ikwoi Am FEEDIN WITH 

( -)-17-14cKAW ACIT3. 

Scan 34: 35&y feed after 3day growth; puriiied acidics; charge, 3.83 w; range, lOO,OOO. Analysis: 
RI 0.15 ; a broad bluefluorescing zone containing principally GA-3. R, O-62; a red-fluorescing zone 
showing weak bioactivity possibly due to trailing from a bioactive area. Probably not a gibberellin. 
R,@fB; Possibly GA-9; this shoulder or peak is consistently observed in various feeding experiments. 

Gibberellins A-4 and A-7 

In solvent system 1, GA-4 and GA-7 are not separated but run together at about $0.37 
(TLC); this value is subject to some variation according to differences in various sets of 
TLC plates. This GA-4 + GA-7 zone in the feeding experiments always appears as a broad 
band or elongated spot, indicating the presence of several components (Fig. 1). 

The GA-4 + GA-7 standard used in most of this work was a natural mixture isolated from 
Fusarium moniliforme (Saw.),13 the identity of which as a mixture of GA-4 and GA-7 has 
been established by direct comparison with authentic specimens. 

In the radio-scan of the TLC plate of the purifled acidics E of the 4-hr feed, the highest 
radioactivity was found to occur at the GA-4 + GA-7 zone (Fig. 1). After a Zday feed this 
radio-peak was still present but was considerably diminished, the major peak now appearing 
in the GA-1 +GA-3 zone (Fig. 2). After the 7-day feed the GA-4+ GA-7 radio-peak has 
nearly disappeared (Fig. 3), but could be observed as a weak shoulder in a radio-scan at 
increased sensitivity (Fig. 4). The radioactivity eluted after 15- and 35-day feeds recorded in 
Table 2 may be due to trailing or to the small amount of GA-4 + GA-7 residual radioactivity. 

After 15 and 35 days, the GA-4 + GA-7 radio-peak does not reappear (Figs. 5-7) although 
the blue-fluorescent band or spot corresponding to authentic GA-4 + GA-7 could always be 
seen. This absence of radioactivity and the apparent presence of these components can be 



940 T. A. GEISSVAS, A. J. VERBISCAR, B. 0. PHI~NEY und G. Ck~ti(i 

interpreted to meart that GA-4 and GA-7 derived from labeled kaurenoic acid has undergone 
alteration in the course of time, eventually disappearing. to be replaced by material \ynthe- 
sized from unlabelled precurwrs by normal biosynthelic processes. 

In order to establish definitely the presence of radioactive GA-4 and GA-7 in the micro- 
biological reaction sequence, the material from the 4-hr feed. which contained the highest 
amounts of these glbberellins in radioactiw form. \\a~ inve.\tignwd in further detail. The 
broad GA-4+ tiA-7 zone was cluted from the preparatl\ e TLC plate and rechromatographed 
in the same solvent system (No. I). Two clearly separated blue-fluorc\cing bands at R, 
0.32 and O-45 ivere obsemcd. The slower-moving band (0.X) corresponded to the authentic 
specimen of GA-4 and ci.l\-7 I\ hen compared on a chromatoplate. .lnd had a total mdw- 

Feedlng 
time” GA-4+7 GA-4+ 7 
IdaYV zone (PC) (I’,. of EP 

.__ .- --_.. __- . ..-.. - 

Glhhri cllur .5-4 urrrl -1-7 

Ihr 0.52 -5 
-3 ; 0.21 TO 

Not cluted 
I5 0.02-I 0 6 
35 0.1 I 27 

GiMhwliur A- I ~4.4-3 
1 hr 0 ‘5 I2 
7 

; 0 I.-l0 YY 67 35’ 
15 I.87 50 
35 2.72 71’ 

RI’ 
- 

0 32 
0.38 
0.48 
0 53 
044 

OJl Medwm pcab Xl.‘=4 7 X7+ I h 
009 Strong peak 65.7 = 2.0 34 6k3.l 
0.13 Slrong peali 0’ 5+ 6 5 w0+1s - 
0.11 Strong peak I 12.5 If 6.1 390+1 5 
0.15 Strong peak 1034t 5 3 34613.1 

Radioscan 

_ .-- __- _.... - -._. 

Gro\\rh <‘ontrol Rcywnre 

Strong pcah 57.7?3 3 36 7kl.h 
Medium pcah 56.3 z 2 2 3+6=3-l 
No pe& hot eluted 
No peah 55.1*1 0 39 o+ I.6 
No peuh -16r2 6 34 or3 I 

” All feeds followed 3 days of groath ewept the 4-hr feed bthlch followed 7 Jays nf grw th (Table I L 
” Purified acldlc\ E (Tahlc 1) charged on the inttial prcparatne plate. 
L These value\ lsol\ent system I) are taken from fluorcscxmt spots and’or correspondmg radiopuahh 

compared \\lth authcntlo glbbercllm standards. Variation\ m plats caused \ar)mg Rr. 
d Bioassay on d-5 of a 0.01 ml!plant ahquot of standard wlutlons brought tcl IO ml \slth ethanol. 
c Elutlon from the s111ca wrth acetone gave poor recovery of actnlt>. The 0 OS 1~ rcprcscntb W per c’cnt 

of the total radloactnity clctwll> rccovercd flom thts TLC pink. 
f RadIoactIve GA-I f3 ~3\ clccrravng at this time and the high R,was due to ;1 bro.idcd fluorcsccncc and 

rndlolxxh. a< a radmactne caratwhc component nlth an R, \llghtly fd~:ter than C~j\-l .7 \\RS prcwnt. 

activity of 0.52 PC. or 2.5 per cent (Table 2) of the totai acli\ sty of the aliquot of fraction E 
added to the original TLC plate. This area thus contained more rndioacti~it> than an> other 
of those eluted from the prepamtibc chromatoplate ofthe 4-hr run. and repwentcd the major 
radioactive component. A hloassay was positike. 

The separated R,O*32 zwe could not be further resolved on a I mm thick chromatoplate 
using solvent system 3. However, an uliquot of this zone run on a qualitatl~e (0.35 mm) plate 
showed a clear separation of two spots: GA-4 at R, O-63 and GA-7 at R, 0.19. These spots 
corresponded exactly (b> fluorewence) with the two spots given h> an authentic GA-1 L GA-7 
standard: and gave tHo radio-peaks of about equal intensity ~hen scanned in the stnp 
counter. 

It can be concluded that GA-4 and GA-7 are on the biosynthetic pathway from knurenoic 
acid to the more highly widized gibberellins, since radioactivlty in fhi\ zone appears early 
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and decreases as the growing time of the culture increases. Moreover, since GA-7 is more 
highly oxidized than GA-4 in having a 3,4- double bond, and an oxidative overall metabolic 
pathway is indicated by the present study, it can be suggested that GA-4 is a metabolic 
precursor of both GA-7 and GA-3 (Scheme 1). 

The faster-moving band at Rf 0.45 (see above) observed in the purification of the crude 
GA-4 -I- GA-7 zone contained a high percentage of the total radioactivity of the acidic fraction 
(O-21 F, 10 per cent of E) and bioassayed positive, but it did not correspond to any of the 
known gibberellins 1 to 9 (by direct comparison when specimens were available, by literature 
Rf values in other cases). 

A fraction called “B” by Jones13 is an unidentified natural bioactive material isolated 
from Fusarium moniliforme.* This was found to be identical with the Rf 0.45 material by 
direct chromatographic comparison. The nature of this material is still unknown, but its 
appearance in the 4-hr feed as a radioactive component, and its disappearance in longer 
feeding studies suggest that it, too, is an intermediate metabolite in the kaurenoic acid- 
gibberellin pathway. 

Gibberellins A- 1 and A-3 

On thin-layer chromatograms in solvent system 1, GA-1 and GA-3 are not separated and 
appear at about & 0~10-0~15. l4 Separation can be effected with solvent system 2, in which 
GA-1 has RfO*31 and GA-3 has RfO.25. 

Amount removed Activity 
Crystallization for counting (mg) +c/mg x l@) 

1 3.0 
2 3-l ::z 

it 2.1 33 @81 0.78 
5% l-11 
6 ;:; @82 
7 2-8 0.78 

F&timated total activity in GA-1 =0.025 w. 

* GA-1 zone, 4&r feed, eluted from TLC, 42 mg; 
plus GA-l, authentic specimen (Abbott), 28.1 mg 
(Samples of GA-1 lot no. 689-2055 and GA-3, G 
1466-152 were obtained fivm Abbott I.&oratories 
to whom we are gratefd). 

TProduct &om recrystallization 4 added to 
sample5 removed from 2 and 3 for counting, total 
recrystallization. 

$ Since this contains material from 2, it has 
greater activity than 4. 

Radio-scans of the TLC plates after a 4-hr feed (Table 2) showed a small but unmistakable 
radioactive peak at the GA-l + GA-3 region (Fig. 1). This area was scraped from the plate, 

+ We are grateful to Mr. Jones for a sample of mixed GA4-t 7 and Cpd. B. 

14 J. MACMILLAN and P. J. SUTEFZ, Natare 197,790 (1963). 
60 
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extracted, and rechromatographed in solvent system 1 to give a purified mixture of GA-1 + 
GA-3 (O-25 ,uc; 12 per cent of E). that bioassayed positive. When an aliquot of this eluate 
was chromatographed qualitatively on a 025 mm plate in solvent system 2. along with 
authentic GA-3 as a standard. two fluorescing spot5 appeared, one of which corresponded 
exactly with GA-3. the other at the correct position for GA-I. The radio-pen!. of the GA-I 

4 hour 

Y 

f 

I 

v 

Jones “Compound B” 

A’ 
/ GA-4 

‘_, 

GA-7 GA-I 

\ &L 
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spot was somewhat the stronger of the two. The remaining cluatc was then concentrated to 
dryness and the residue (4.2 mg) diluted with authentic GA-I (I!%1 mg) and recrqstallizcd 
from ethyl acetate to a constant specific activity of 0.78 i 0.06 x 10. .i /AC ‘mg. (Table 3). 
This represents only O-5 per cent of the total “V-kaurenoic acid fed. Thin-layer chromato- 
graphy ofthe purified GA-l in \olient system 2 showed the material to be chromatographicall> 
and radiochemically (by scanning) pure. free of GA-3. 
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After a 2day feed, a radio-scan of the TLC plate of the acidic fraction (E) showed a major 
peak in the GA-1 -i-GA-3 zone, with less intense peaks in the other zones (Fig. 2). 

After the “I-day feed a single intense radio-peak at GA-1 -!-GA-3 dominates the scan 
(Fig. 3); the other peaks can only be detected by raising the sensitivity of the counter (Fig. 4). 
Of the total radioactivity recovered from the E fraction in the 7day run, 99 per cent of it 
was in the low Rf GA-1 + GA-3 zone. Moreover, when an aliquot of the GA-1 + GA-3 zone 
eluate was chromatographed along with authentic GA-3 in solvent system 2, two strongly 
fluorescing spots appeared at Rpalues corresponding to GA-l and GA-3, but only the GA-3 
spot was radioactive (by bung). 

Hence, GA-1 appears to have a transient existence as an intermediate metabohte, much 
like GA-4 and GA-7. Since GA-1 is at a higher oxidation level than GA-4 (GA-l is hydroxyl- 
ated at C,), and since it disappears as a radioactive species while the radioactive GA-3 
appears to be increasing at the expense of GA-l, GA-4 and GA-7, it is possible that GA-1 is 
an intermediate between GA-4 and GA-3 (Scheme 1). This suggests that two metabolic 
pathways exist for the conversion of GA-4 to GA-3 through GA-1 or GA-7. 

TABLB 4. ~YSlULlZATEON OF GA-3 To COIWIXNT 

~~~A~ 

Total activity= 1.20 p or 17% of kaurenoic acid 
fed. * m.p. 229-230”; m.p. of authentic GA-3 
(Abbott qecimen), 228-229”; m.p. reported, 233- 
235”. (GA-3 zone+ U-day feed, eluted from. TLC, 
5.6 mg, plus GA-3, authentic specimen (Abbott), 
29.2 mp;.) 

The p~parative TLC plate prepared from the E fmction of the U-day feed showed a 
GA-1 + GA-3 zone that contained both ~b~~~, but only the GA-3 component was 
significantly radioactive, as found by a radio-scan of a qualitative (O-25 mm) plate. The 
total zone was removed from the plate and extracted to yield 56 mg of amorphous residue. 
To this was added 29.2 mg of authentic, crystalline GA-3 and the whole recrystallized to a 
constant specific activity of O-031 F/rng (Table 2). When this value is used to compute the 
fraction of the administered radioactivity found in the GA-3, it is found that l-2 IU: or 17 
per cent of the kaurenoie acid fed is present in the GA-3. Taking into account the loss in 
overall recovery (50 per cent, Table 2) from the preparative chromatoplate, it appears that 
the bi~nversion of kaurenoic acid into GA-3 is ~m~kably ef&ient. The recrystallized 
GA-3 had m.p. 229-230” (the authentic specimen had m.p. 228-229O) and was shown by 
TLC and radio-scanning in solvent system 2 to be radiochemically pure and free of GA-l. 

Gibberelliin A-9 
Gibberellin A-9 has been reportedIS as a product of Giaberetta j%jitcuroi (Saw.) Wr. 

strain ACC 917, but the yield of GA-9 was only 2.7 per cent (O-11 g) of the GA-3 (4.15 g) 
1s B. E. 0_oss, R, N. B. GACT and J. R. HANSON, ~~~~~~ 18,451 (1%2). 
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isolated from a culture which had been maintained at pH 6.7-6.X to malimix G.4-9 produc- 
tion. It is clear that GA-9 is made in onl! very small amounts. hut it is probable that it 
could be detected by chromatographic or bioa\say methods in the culture\ u~d in the prc\cnt 
studies. 

The R, of GA-9 13 reported I4 to be 0.75 on silica gel-G with \ol\ent system 1. and R. 

value\ in the region of0.7-0.8 have been observed in ~1114 htudl. In many lrl’~~r TLC plnte~ 

of the “purified acidics ‘- ;wea~ of blue fluorewcnce and nf radiwcti\ 111 were obwrkcd at 

these /?, values. The\e were removed and eluted and the conccntratcd cluates rechromatn- 
graphed on silica gel-G in solvent sstem 1. The developed platcc kvcrc \\armed briefl! to 

dIsclobe blue-fluorescing zones which werefound tocorre\pond 10 peaks in radio-scan\. The\e 
purified zones lvere again cluted. rechromatographed. and radio- and bio-a\\a>cd. The 
results are summarized in Table 5. 

TAISL~ 5. Rrc HKOXlr\lObR4PH\ Of I’KLSI’MELJ GA-9 ZO\L\ 

Fecdmg & 
period I.-------c --- Radio-assay 
(day,) Vwble Radio-peali (/‘C * 10’) B~owwy‘ 

__._- _- _ __ __ _.___ __.-_. _ ._... --. . - . -. 

4 0 82 0 79 37 57.x + 2 33t 
2 0.81 0.79 14 45 Xki 381 

15 0.81 0.81 43 457+1 JJ: 
35 n 7x 0.76 35 437+1 !?t 

* 0.01 ml of I ml eluate. 
t Control 37 7-1 79 mm. 
t Control 36 4- I 84 mm. 

On comparmg 50 ~1 ahquots of these samples with authentic GA-9 
trample and standard on the same plate), all gake blue-fluorescmg spots 
correspondmg to the authentic material. The approximate corre- 
spondence of the radioactivity of the GA-9 zone in the 4-hr. Z-day. 
1 S-day. and 35-day samples suggests that GA-9 IS mdeed formed from 
kaurenoic acid and that It is not further metabohzed. If this IS the case. 
thrs result IS m agreement nlth the tindingo that radloaetw G4-9 \\,I\ 
not converted mto GA-3 by G. firpkum. 

Other Gibberellim 

Fifteen days after feeding L%Z-haurenoic acid, new peaks began to appear on radio-scans 
of chromatoplates of acidic fraction E. One of these. at Rf 0.27 in solkent system 1. corre- 
sponds to a blue-fluorescing (gibberellin-hke) spot which gave a positive but low bloassa} 
(Figs. 5,6). Reported R, values for the glbberellins show that GA-5 and GA-6 lie m this 
region with the solvent system used. These gibberellins have not been found to occur in 
G~bhrre//ufujikurui Lilly strain M-l 19. An activity of 0.104 jlc ( I.5 per cent of the kaurenoic 
acid fed) was eluted from this zone in a IS-day feed. In a preparative plate of a 35-day feed 
the new zone (GA-5,6:‘) and the GA-l +GA-3 zone blended into a single unresolved radio- 
active area (Fig. 7). but on qualitative TLC plates (Table 6) there is a resolution both of 
fluorescence and of radioactivity. Because of the difficulty of resolutwn in this rcgfon on 
1 mm preparative plates. the figures given for the GA-l + GA-3 zone in Table 3 for the 35da! 
feed actually include the R, 0.27 zone as well. The lowered bioactivity of thenew constituents 
is to be noted. Further study of these components was carried out as described in the follow- 
ing. 
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The &values 0.3 1 for GA-5 and 0.25 for GA-6 have been reported for TLC on silica gel-G 
with solvent system 1.14 This general area was eluted from preparative TLC plates of the 
“purified acid+“. An aliquot was rechromatographed on 0.25 mm plates along with authen- 
tic GA-5 and GA-3 standards and the plates subjected to the 5% ethanolic sulfuric acid 
reagent and to radioscanning (Table 6). No correlation of fluorescence and radioactivity 
could be established between GA-5 and the plates of the 2-, 15, and 35-day feeds, and no 
slower-moving component (GA-6) was observed in any of the plates. The appearance of 
radioactivity in the GA-5, GA-4 region in the Zday plate was not accompanied by visible 
fluorescence or by bioactivity of the zone. These results indicate that GA-5 and GA-6 are 
not present in the cultures and that the radioactivity in the zone corresponding to the GA-5, 
6 Rf value is due to some other material whose identity is still unknown. 

Other radio-peaks and fluorescent zones appeared at higher Rf values in 35-day experi- 
ments, but these constituents showed low activity in the bioassay, and no further study has 
yet been devoted to them. 

TABLE 6. SUMIUAXY OF TLC &UGUNATIObl OF GA-S, GA-6 m 

Feeding 
period 
(days) Compound Fluorescence Radio-scan 

GA-3 standard o-15 Blue 
2 GA-5 standard o-55 Blue 

GA-5 f 6 zones* 0.52 None strong peak 

{ 

GA-3 standard 0.13 Blue 
15 GA-5 standard 0.53 Blue 

GA-5 + 6 zones 0.63 Weakblue Peak 

GA-3 standard 0.15 Blue 
35 GA-5 standard 0.49 Blue 

GA-S+6 zones? o-15 Blue Strotvz peak 
O-64 Weak blue Weakpegk 

* Lack of fluomscence and negative bioassay indicate that this component 
is not GA-5 or GA-6. 

t The zone eluted from the preparative plate was wide enou8h to include 
GA-l, 3,5 and 6, but evidently the main component was GA-3. 

EXPERIMENTAL 

Radioactivity measurements were carried out with the use of a Nuclear-Chicago Scintil- 
lation Spectrometer, Model 720. The solvent used was dioxan containing 0.7% of 2,5- 
diphenyloxazole (PPO), 0.05 % 2,2’-p-phenylene-bis-(5-phenyloxazole) (POPOP), and 5 % 
naphtbalene. Radioscanning of the chromatographic plates was carried out on a Vanguard 
Automatic Chromatogram Scanner, Model 880, with a glass-plate attachment. 

Preparative plates carried a 1 mm thick layer of Merck silica gel-G and qualitative plates 
used for ~rnp~son and id~tifi~tion had the usual O-25 mm thick layers of Merck silica 
gel-G. Plates were dried for 2 hr at 100”. 

The solvent systems used for TLC were the following: Solvent system 1: isopropyl 
ether-acetic acid (95 : 5). Solvent system 2 : isopropyl ether-acetone-acetic acid (90 : 30 : 1). 
Solvent system 3. *16 carbon tetrachloride-acetic acid-water (8: 3 : 5), were shaken together 

16 T. SAGAWA, T. PUIUNBARA and Y. Sm, Agr. Biol. CAem. 27,598 (1963). 
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and separated. The TLC plates were allowed to equilibrate with the aqueous phase overnight. 
and then developed with a mixture of the lower phase (8 parts) and ethyl acetate (I.6 parts). 
Solvent system 4 : benzene-ether ( 1: I ). 

Sptkesis qf’( - )-I 7-‘4C-harrr-16-en- 19-k Acid 

Methyl iodide - lJC (I 11 mg. nominal 5 mc)* ws diluted with 205 mg of unlabeled 
methyl iodide in benzene. and the solution added to a benzene solution of 670 mg of tri- 
phenylphosphine. After 5 days the ‘“C-triphenylmethylphosphonium iodide (960 mg. 

2.38 m-mole) was collected and dried. then suspended in 10 ml of dry. freshly distilled tetru- 
hydrofuran (THF). Butylhthium (3.5 ml of a I.67 N solution in hexnne: 5.1 m-moles) in 
15 ml of THF was added dropwise with stirring until the solution !\a~ clear and had assumed 
the characteristic orange color.? After 5 min the solution of the Wittig reagent was treated 
with a solution of 225 mg (0.74 m-mole) of (-)-17-norkaurnn-lh-on-IPoic acid in 10 ml 

of THF and the mixture stirred overnight and then heated under reflux for 5 hr. The THF 
was evaporated. water was added to the residue, the aqueous solution was carefully acidified 
and extracted with ether, and the ether dried and evaporated. The oil> residue (580 mg) 
was chromatograpbed on silica, from which elution with benzrnc-ether (95:s) afforded 
( -)-17-lJC-kaur-16-en-19-oic acid (100 mg). Thih was recrystallized from methanol to gi\e 
70 mg of the pure acid, m.p. 169- 170 , identical (mixed m.p.) Nith an authentic specimen of 
unlabeled material. 

The radioactivity of the “C-kaurenoic acid was found to be 6.04 PC, mg. or I.82 mc:m- 
mole; a radio-scan of a TLC plate of the compound showed only the single radioactive spot. 

Growtk and Extraction 9fGibberella fujikuroi 

De Long culture flasks (125 ml) with Morton stainless-steel closures were charged with 
50 ml of the 10;: ICI medium, sterilized and inoculated with Gibberella fujihuroi Lilly 
strain M-l 19. After 3 days on a rotary shaker at 26’ the cultures became pink and on this 
day or later, as shown in the figures, feeding was initiated. As an example, in the 4-hr feed. 
10 PC (1.7 mg) of 14C-kaurenoic acid in 1.0 ml of ethanol was distributed equally between two 
flasks. After the time specified in Table 1, the two flasks were processed simultaneouslj ah 
samples 1 and 2. 

The culture medium containing the pink mycelium was filtered by suction and washed 
with water. The filtrate wac brought to pH 2.5 with 2 N HCI and extracted ivith 3 x 25 ml of 
ethyl acetate, the aqueous mother liquors (A) being radio-assayed. Acidics were extracted 
from the ethyl acetate with 4 x 10 ml of O-5 M Na$OJ. the residual ethyl acetate containing 
the neutrals (B). The NaZCOS solution was brought to pH 1.5 with 2 N HCl. extracted with 
3 Y 25 ml of ethyl acetate, and the aqueous miscellaneous (C) layer radio-a\sayed. The ethyl 
acetate solution of crude acidics (D) was concentrated to I ml. paLsed through a column 
containing 0.5 g of Merck sihca gel-G. and the column w5 wshcrl ~~11 Hith 60.-75 ml ,>f 
ethyl acetate and finally with 20 ml of absolute ethanol. In ever> case a dark radioacti\c 
residue remained on the column and was discarded. The ethyl alcohol-ethyl acetate eflluent 
contained the ” purified acidici” E. Recovery of activity in these acid& nas 3X--56 per cent 

(Table 1) 

* The initial radioactivity was not cheched. 
product. 

Rxhoactivity mcawrements acre mode on the tinal crystalllnc 

-f A\ w~ortcd by previous morkzrs and as ascertained m trral runs. ahcn 1~~1) the thcorctlcal am,junt of 
butylllthium Has used the ywld of final pmduct WJ.S low. 
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Thin-layer Chromatography 

The solution of purified acidics E was separated by preparative TLC using a control plate 
which was developed in the tank at the same time. Solvent 1 was used for the first separa- 
tion and all plates were developed for 15 cm. The control plate was sprayed with 5 % HzS04 
inethanol, heatedat 1OO”for 10 min to detect theu.v. fluorescent gibberellins. These spots were 
used to locate zones on the preparative plate. Later it was found that lightly spraying the pre- 
parative plate did not destroy the gibberellins to any appreciable extent, and provided a more 
accurate means for locating the fluorescing bands. At least one authentic gibberellinwas run on 
eachplatesinceR/valuesvaryconsiderably onplatespreparedatvarioustimes. Zoneswerealso 
located by a radio-scan of the TLC plate. The radiopeaks almost always corresponded to 
fluorescent bands, but the reverse was not so, since there were many fluorescent spots, 
especially after 35 days, which showed little or no radioactivity. The selected zones (usually 
0.7-2 cm on each side of the &value) of the silica were removed from the plate, eluted with 
acetone or absolute ethanol, radioassayed, bioassayed and further identified. Purification 
was effected by rerunning the eluted gibberellins on a second TLC with the same solvent 
system or one that would separate components that have similar Rf values. GA-1 could be 
separated from GA-3 using solvent system 2 which gave a l-cm separation in a 15-cm run. 
GA-4 and GA-7 are difhcult to separate preparatively but can be qualitatively identified 
using solvent system 3 which gives a 2-cm separation in a 15-cm run. 
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