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Ahatnct -A cell-free system capable of gibberchin (GA) biosynthesis has been prcpartd from immature seed of 
Pheolw cocci-. This system converted [14C]mevalonic acid (MVA) to Pnt-kaurcne. enr-kaurtnoic acid, mf- 
Kauradienoic acid, eru-7a-hydroxykaurcnoic acid, en&6a,7adihydroxykaurenoic acid, GA, I-aldehyde and GA,I. mr- 
[‘*C]Kaurcne was converted to em-kaurcnol, ent-kauranal, ent-kaurcnoic acid and ent-7a-hydroxykaurcnoic acid. All 
identifications were by GC/MS. The pathway from MVA to GA, I-aldchyde in this spa&s thus appears to be the same 
as that found in all-free preparations derived from immature sea! of other species. 

INlRODtJCllON 

Cazarclli et 01. first showad GA biosyntbcsis in Phaseoh 
coccirvw L using all-free systems prepclrad from sus- 
pensors of immature seeds >lO mm in kngth [l-3]. 
Thousands of the minute s uspenron. which weigh only c4 
200 pg each, ware dissected from the seeds and homoge- 
nixed to produce a all-free system which was shown to 
convert MVA to GAI, GA, and GA, via ent-kaurene (1) 
and mr-7a-hydroxykaurcnoi aoid (s). Although the usual 
kaurcnoid intermediates were obtain&, GA,,-aki&ydc 
(6) and the CI&A intermediates between efu-7a- 
hydroxykaurcnoic asid and the CIp-GAs were not idcnt- 
i&d. We have found that much larger quantities of a 
highly active all-free preparation can conveniently be 
prepared from embryos of P. coccheu.s at a later SQC of 
development when the seeds am 15-25 mm long This 
system converted GAII-aldchyde to GA,&k.hyde. 
seven C,,-GAs pnd five C,&AI [4]. We now report on 
the early part of the GA pathway, the conversion of MVA 
via enr-kaurcnc to GA,> (9) AU the kaurcnoid inter- 
mediates predicted from previous work on GA bi+ 
synthais in immature seeds (see refs [5,6] for recent 
reviews) were obtained and identified by GC/MS. 

RESULTS AND D-ON 

Preliminary screening experiments with small-scale 
(100 ~1) incubations indimted MVA-metabolizingactivity 
in the low-speed supcmatant (Sl) preparations from 
developing P. coccinrw sad. It was llsauad t&t the 
cofmztor roquiremeats of th Phaseoh auyma would be 
similar to those from otbcr sccddcrivod all-free systems, 
so ATP, PEP, Mg’+. Mn’* and NADPH wm inciuded 
in all MVA incubations. Extracts from incuhtiotu with 
[2-“C]MVA were analysai by HPLC-m&counting 
(HPLC-RC), which revcakd peaks at the retention times 
,m-rm 2511-c 

of ent-kaumu (I), enr-kauranoic crid (4h eiu-‘la- 
hydroxykaurcnoic acid (S), rnt-6u.7adihydroxykaurenoic 
acid (a), GAII-aldchyde (6) and GA,I (9) Timecourse 
studies showod that peaks corresponding to enr-kaurene, 
enr-kauranoic acid and ent-7a-hydroxykaurenoi acid 
were present within 30 min. A longer incubation period 
was requirad before peaks corresponding to enr&7a- 
dihydroxykaurcnoic acid, GA, I-ahkhyde and GA,, 
could be detected. This pattern was maintained even at 
high cnxyma:substrate ratios. 

A large-scak incubation was carried out to prepare 
wtabolitcs of [‘*C]MVA for GC/MS analysis. The SI 
preparation (250 m& equivalent to 3.2 g of embryos, co 18 
seals) was rcsuspcr&d in 3 ml standard incubation 
maliurn to which (Rb[2-‘*C]MVA (2.05 x lo’ Rq, 
104 nmol) was added. After a 2 hr incubation, an aoidic 
ethyl acetate extract, containing 1.87 x IO’ Rq of radioac- 
tivity, was recovered. HPLC-RC indicated the prcscnoc of 
several radioactive products in addition IO unconverted 
[I*C]MVA which constituted 59% of the recovered 
radioactivity (Fig. I). GC/MS analysis of individual 
HPLC peaks led to the idcnt&ation of ent-kaurcnc, enr- 
kaurenoic aci& enr-kauraditnoic acid (7k ennr-7a- 
hydroxykaurcnoic &I. an unknown derivative of enr-‘la- 
hydroxykaurcnoic acid, mt6a,7adihydroxykaunoic 
au5d,GA,+b&hydcandGA,,fTabk I).Themorc@ar 
HPLC-RC peaks (Fig. 1) were not present in sufbcient 
quantity for GC/MS analysis. Their HPLC retention 
properties did not correspond to those of any of the 
[14C]GAI&d&y& mcubolita pmi~u~ly idmifkd in 
this systam [4]. Tbc HPLC peaks with the retention times 
of enr-kaurenol(2) and efu-kaurcnal(3) contained high 
keel of irnpuritica which precluded ident&ation by 
GC/MS. For this reason, and to chak that enr-kaurcnc 
was indeed a GA-precursor in ttu Phaseoh system, 
further incubetions were carried out using enr- 
[“C]kaursnc as a substrate. 
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MVA 

FI& I. Reversed-phue HPLCoCproducts formal from [“C]MVA (2.05 x IO’ Bq)m s&-free sysem (2% mg S 
I preparation plus cefacton) from tmmaturc seal of P. cocchwus. HPLC condiuons and detector as daxibal In 

Experimental; solvent program I. 

Tabk I. Sutnmary of tbc pnncipal charaacrtstia of mctabohta identdicd by GC/MS after mcubawn ol [“C]MVA with an S-l 
pfcparalion from immature wed of P. coccuvw 

subatancc i&ntiIkd 
-- .-- - 

enf-Kaurcnc (I) 

ennr-KAun?noic acid-Me (4) 
mr-KauradIenor a&-Me (7) 
mt-7o-OHKA-McTMSi (5) 
mt&.7a-(OH),KA- 
Me monc+TMSi (6) 
GA,,-~ldcbydc-Me (8) 
GA, a-Mc (9) 

M;: (rd. ml.) 
- . .- -__ _..-.. 

WI’ [~+8]* Other “C-tons t 
-_.--- - - -_ 

270 (62) 278 (2) 
316 (48) 324 (8) 
314 (24) 322 (5) 

U(3l) 412 (6) 

420(10) n.d. [M-15]‘405(97).[M-l5+8]’ 413(3) 
330 (9) 338 (1) 

n.d. n.d. [M-60]’ 3OO(lW.[M-60+8]’ 308(8) 

SpaclfiC 
dlOXllVlty* 

IlOO Bq mmol 

06 
I7 
1.6 
I.5 

0.5 
07 
I9 

‘J 

l Cakulatai from the isotope peaks of fast. compkte MSscans 
n.d., Not dctcctal. 

Small-scale tests with the S-l preparation using only 
NADPH (1 mM) as a cofactor. indicated that 7&80x of 
the enr-kaurene was metabolized within 2 hr. Although 
small radiomctivc TLC peaks corresponding to pnt- 
kaurcnol, ent-kaurcrual. ent-7a-hydroxykaurcnoic acid, 
ent~7adihydroxykaurcnoic acid, GA, ,-aldchydc and 

GAlI were obsmcd. 3>500; of the radioactivity was 
associated with more polar compounds, thought to be 
other GAS and/or oxidti kaurcnoid by-products. If 
Mn’+ (1 mMX which is known to inhibit the soluble 
oxidascs involval in oxidations at C-2, C-3 and C-20 in 
cell-fret systems from Cucwbit4 maxim0 [7], was also 
included, only 10 9; of the radioactivity was associated 
with thcsc polar products. 

In orda to identify the metabolitcs by GC/MS. a iargc- 
scale incubation was carriai out. S- 1 (SO rn& cquivaknt lo 
I .03 g of embryos. co thra setds) was rcsttspcndcd in 3 ml 

of ertt-kaurenc incubation medium to which ent- 
[‘*CJkaurene (3.33 x IO’ Bq, 34.4 nmol) was addai. 
After a 2 hr incubation. the mixture was extracted and 
puri6ed by TLC-RC and HPLC-RC. Peaks with the TLC 
and HPLC retention properties of enr-kaurene (1). ertr- 
kaurenol (2). enr-kaurenal (3). enr-kaurenoic acid (4) and 
ent-7u-hydroxykaurenoic acid (5) were dctcctcd. Thcsc 
identifications were con6rmcd by subscqttcnt GC/MS 
(Tabk 2). Ions indicating “C-labelling were present in the 
spectra of enr-kaurenc, ent-kaurcnol. enr-kaurcnal and 
enr-kaurenoic actd. but bacattsc of contaminants co- 
eluting on the GC, l’C-labclling was not detcctabk in the 
ent-7a-hydroxykaurcnoic acid spc.ctrua 

Figure 2 shows that the products obtained tn the 
incubations with [‘*C]MVA and ent-[“C]kaurcnc are 
identical to the intermediates in the pathway from enr- 
kaurcnc to GA, 1 in all-free systems from other seeds 



Gibberdin biosynthair in Pkseolus cacimus 99 

Tabk 2. Summary of the pnncipl chuxteristka of metabolita idmtided by GC/MS after incubation of em-[ ‘C] kaurene with an 
SI preparation from immrture read of P. cacmeus 

M/r @cl inc.) 
_.~ ._._ ______,._ rAOlCWity* 

sub6tance ldentdkd [Ml’ [M +l3]* Other “C-mnr (IOeBqmmol ‘) 

ou-Kaurcnc (substrate) 
ennr-KJurerx (recoverad) 
mf-Kaurenol-TMSI (2) 
enr-Kaurenal (3) 
enr-Kaurenoic acaLMe (4) 
~w~I-OHKA-MCTMS~ (5) 

270 (69) 
270 (67) 

360(7) 
286 (97) 
316 (61) 
404 

278 (6) 0.97 
278 (4) 0.80 
368(I) [M -9O]’ 270(W). [hi -90+8]’ 278(6) 0.7 
294 (6) 0.7 
324 (3) 0.7 

n.d. [M -901’ 314. [M -90+8]’ 322 n.d. 

*The uotope content of CIU-luurene was measured by cyclic sanning ol isotope perks. Other sp. act. arc cakulafed from fast. 
compktc mns, which arc less y~uratc. 

n.d.. Not determined. 

enf-kourene iti* 

onf-kourenol (21A 

COMPOUND 

ent-kourenO1 01’ 

ont-7~-hycb-oxy- - ml-6m.L-dhydroxv- 
kasen@c Ocd 61 

: 
aweax ad 181’ 

R 

I Q$ (6) CHO 

‘._,’ (9) COOH 

GA,2 -o!OehyCe 161* - GA,2 191+ 
*. 
COOZ 

Fig 2. Pathway of GA biosyntheau from enr-kaurcne to GA, 2 u knonstratu! in cdl-fra systenu from immature 
seed of other spsia and in cultura of G.fiji&urd. * - identified by GC/MS as metabobte of [“C]MVA in the 

ctll-fra system from P. coccku5. A - likewise idcntifed am metrbol~tc of mr-[“C]kaurenc. 

IS.61 and the fungus Gib&relb fujikwoi [8]. mt- 
Kauradienoic acid (I) is known to be the prc.cursor of 
hydroxykaurenolide by-products in both Cururbico 
maxim0 [9] and G. /ujikuroi [lo]. ent-6a_7a- 
Dihydroxykaurcnoic acid is the first member of another 
branch from the GA pathway [S. 63. 

Co I70 pm01 of [ “C]MVA were converted per mg of 
Sl (protein content: lO”/d during the 2 hr incubation 
period. Over 907; of the radioactive mctabohtcs from 
[‘4C]MVA are known members of the GA bioayntbctic 
pathway. Thus, at least under theconditions used, MVA is 

preferentially converted tnto GAs and their kaurcnoid 
prazurson rather than into other terpcnoid products. 

As mentioned in tbc introduction, Caxarclh et 01. [l-3] 
dcmonstratod C,&A biosynthesis tn a cell-fra system 
from the suspensors of P. coccinews. Even in the young 
seeds usal by these workers. the suspensor is very small in 
relation to tbc otbcr seed tissuts, apcciahy the liquid 
cndospcrm present. It would tbcrcforc be extremely 
di&uh. if not ipossible. to obtain a su+nsor prcpar- 
ation compktely free of embryo and endospcrm. The data 
presented in this paper. together with those in a previous 
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pubhcation (43, demonstrate that the entin pathway of 
C&*-GA biosynthesis can be carrial out in ceil-fret 
preparations derived from immature P. corcinnu seed at a 
stage of development when the cndospenn is degenerate 
and the suspensor represents only one ten-thousandth of 
the total fresh weight. The GA-biosynthetic capacity is 
thus likely to originate almost entirely from the true 
embryonic tissues rather than the suspensor. 

EXPERIME‘NTAL 

P?pororion oj rrll-free s~srem Phawoh.5 CodJWw L. cv. 
Prizcwmncr was &Id-grown in Gkst3ow during 1984. Pods 
contammg tmmxturc seed were harvested from Aug. 16 to Nov. 1. 
The r&ds were removed from the pods and grouped according to 
sue (range of fr. wts used tn parent work was 350-450 mg per 
scat). The testas were removal and a cdl-free system wax 
prepared from rexnaming embryo ussues (mainly cotyledons) by 
grinding in icecoid 0.05 M, K-R buffer, pH 7.4 (I : I, v/w) with a 
pestk and mortar. The homogenate was ftlteral through four 
layers of muslin, then antnfugod at loo0 g for IO min at 2’. The 
supematsnt was froxen in liquid Nr and freezedried. The 
resultant powder, refcned to as the S-I prepuPtton, was stored 
over s&a pl at -2O+ unttl ra-p~irui. 

Substrata. (Rh[2-t’C]MVA ketone (I.96 x IO9 Rq/mmol) 
wax hydrdysed with KOH to y&J (R~[b“C]MVA. This 
substrate was used directly for the productron of cnr- 
[“C]kaurene by a all-free system from Cuubiro asax- 
cndospenn [7]. TtK ukntlty and sp. act. (9.70 Y 10s Rq/mmol) of 
the em-[“C]kauruk was determuted by GC/MS after purify- 
catton by TLC and HPLC. 

fruuborrat. The incubxtion mixtures used contained any- 
thing from 0.5 to 10 mg Sl (qutvaknt to 6137 mg fr. wt of 
embryos) and 1.67 x IO’ Rq of [“C]HVA (0.85 nmol) or N- 
[“CJkaurene (IS6 tmml) rauqendcd tn 1004 K-Pi buffer 
(0.05 M. pH 7.4) Cofactors pracllt were ATF’ (10 mM) PEP 
(10 mM). MgCl, (5 mMI MnCl, (I mM)d NADPH (I mMI 
together with bovrne serum albumin (IOm~rnI~ For ent- 
[ “C]kaurene mcubxtions. ATP. PEP and M&l, were omitted. 
The incubatton mixtures were kept on rce untrl addition of the 
substrate: MVA vu added in aq. soln. mt-kaurene was added in 
Me&O (I l . of total mcubation vol.) After mrxtng. tubas were 
incubated ut a shxkmg water bath at either 28” or 30’ for up to 
2 hr. 

Lxrrorricur At the end of the incubation period, mrxtures were 
acidified to pH 3 with HOAc, and Me&G was added to give a 
final CoWll of sot/. which pptui s&s and proteins. After 
antrifugation (loo0 0.5 min) and domnttng the supematant. the 
pclkt was washed mth EtOAc and re-oentrifugad. The EtOAc 
wax dded to the first supematant followed by l/3 vol. dilute 
HOAc (pH 3) After mixin& the extract was centnfugod and the 
organic pbax removed. TM aq. phase was extracted x 4 more 
wtth an equal vol. of EtOAc. The organtc fracttons were 
combined, waxhal with 114 vol. of I ‘?* HOAc then mpontai to 
dryness under Na or by rotary evaporation at 40’. 

TLC. (a) Preparative MVA incubation: the EtOAc cxtnct was 
runonasiliaplpIate&vdopedintoluen+EtOAc(l9:1),then 
examrned with a radiocbromatogram scanner. The ent-kaum 
pelt at the solvent front was eluted separately. The rest of the 
radiortivity was between the origin xnd R, 0.35 and Was &ted 
as one fraction. 

(b) mr-Kaunm incubations: extracts were run on sib pl 
pha dcwlopd in petrol (boiling ranp w), then re 
devdo@ to 135cm in CHCl,-EtOAc-HOAc (75:25: IX fol- 
lowed by TLC-RC. 

HPK. (a) MVA mcuhtionr: A Spectra Physicx SP8700 
solvent delivery system was used (Spectra Physics. St. Albans. 

U.K.), Sxmpks were introduad offcolumn vu a Rheodyne 7125 
sample injection value &ted with B XI0 rd sampk kop. RcvusaJ- 
phaxempuationswerecarriedoutona25Ox5mmi.d.c&mn 
packed with 5 jrm ODS Hypemil (Sbandon, Runcorn, England) 
dutad with mixtures of MeGH and dilute 4. HOAc @H 3) 
Thratrdnntpr~waew*l(l)~l5mih~%MeOH; 
l5.,19 min. SO-laO% MeGH; I944 mm, 100% MeOH; (2) b 
cratic 100% MeOH; (3) O-IZmin, 80% MeOH; 12-13min. 
StSl&3~eMcOH; 12-33min. 1OO~~MeGH.Foea&ytialntns. 
a3lumn &ate (I nbI/ah) was mixed ntb tit&t (3 ml/mm) 
udpordthrouObarpinf~Ilow~U(300~)inaCorubow 
manual scintillation counter. The scintilknt cons&d of IO r/l 
2.5dipbenyloxaxok in Triton X-lO&xykatMeOH (ll:22:5) 
Counting dE&ncy was co 609/, for “C. For preparative runs of 
TLC-put&d xa@a, fractions (0.5 or I.0 ml) were cdktod 
dtrectly and mdrwtivity detaminad by liquid scintiIhtion 
counting of suitable aliquotx. Program (I) was uaal for al1 
anxlyttial work and for inrtial separation of preparative extract. 
mnr-Kaurene was rahromatograpbai by pogram (2). and all 
other fractions by program (3) 

(b) et+Kaurene irmlutions A Watm 6000 A pump system 
coupled to an M45 automatai gradient controlkr was used. 
~pkrwmintrod~viraRheodyl~7125injstorfittedwith 
a lo0 pl smpk loop. Reverxcd-phaxe separations were arried 
out on a I20 x 8 mm i.d. radial oompresrion cartride (Cl8 
Novapak 5 qt) clutcd with mixtures of radistillrd MeGH and 
0.01 M HOAc @H 3.2) Three gradients were used: (4) &IO min. 
90-100x MeOH; IMomin, 100% MeGH; (5) &2Omin, 
85lOO% MeOH; 2+35min, 100;. MeGH; (6) &3Omin, 
~100%MeOH;~38minl00%McOH.Cd~duurtwu 
passed through a RamonA Rayteat (Houreas) radroactivity moni- 
tor Bttaf with an Yttrium silicate solid scintilknt ilow-dl (“C 
counting &ctency, I5 “/,, and fractions were colbctod aocording 
to peaks seen on the monitor read-out. Program (4) was used for 
ent-kaurene and enr-kaurenal peakr program (5) for enr- 
kauratd and mr-kaurenow acid: program (6) for em-h- 

hydroxykaurenokrid. 
lkrfoot&arias, Dry sampks were dissolved in MeOH and 

methyLted with CHrNs in EtrO. The methyhtcd extracts were 
dried and then dlykted tn seakd tubes by treatment with 2 4 of 
N.Qbir-(trimethykilyt)trifIuor~ or N-methyl-N-tri- 
methybilyltrilluoroaatam& rt60”for5Omin. 

GC/MS. GCMS was carried out using a Finn&art 40015 
GC/MS/dau system. D&ntizcd s8mpks wae injected (260”) in 
I JAI l liquots into a fuud sihca capillary column (SE-3Ocbemial 
bondrd p&se. 25 m x 0.32 mm) using a Grob sptitkas injector. 
The column temperature was maintained at 50” for I min. then 
progmmmed at l5”/tmn to 200” and at 4”/min to 260”. The He 
flow rate was 2 ml/mm. Tbt #it was opened I mm after 
iqection Tbecohrmn &luent wax kd directly into the ion source 
at26@.E&xtrona%rgwas3OeVand emisuon current wax 
0.24 mA. 

R&WIK~ capcuds ami mtw rpcrcra All metabolita were 
ukntdkd by corn- of their maas spectra with those of 
authentic compounds. Isotope contents were dcterminod from 
the mass r~acvum by the method of ref. [II]. Since the main 
purpm was identi6cation. eompkte spectra were usudly rc- 
co&d.TbcqlaSfkrrivitiesinnKStaucswcretbercforc 
cdcuiated from sin* fast acans, which show uxuidembk 
statistical variability (121. The two valua for nr-kauraw in 
Tabk2waeobtainedbyc@ic sunrung over the H + isotopic 
pakr. and therefore are more rdiabk. 
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