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A bstract

Gibbercllin(GA) 3-B hydroxylation is very important for the shoot
elogation in the higher plants, since only 3B-hydryoxylated GAs
promote shoot elogation in several plants.

Fluctuation of 3B-hydryoxylase activity was examined during
seed maturation using two cultivars of ,P. wvulgaris, Kentucky
Wonder (normal) and Masterpiece (dwarf). Very immature seeds of
both cultivars contain high level of 3B-hydroxylase activity (per mg
protein). Both cultivars showed maximum of enzyme activity (per
seed) in the middle of their maturation process.

Gibberellin 3B-hydroxylase catalyzing the hydroxylation of GA2(Q
to GA1 was purified 313-fold from very early immature seeds of P.
vulgaris . Crude soluble enzyme extracts were purified by 15%

methanol precipitation, hydrophobic interaction chromatography,
DEAE ion exchange column chromatography and gel filtration HPLC.
The 3f-hydroxylase activily was unstable and lost much of its
aclivity duting the purification. The molecular weight of purified
enzyme was estimated to be 42,000 by gel filtration HPLC and
SDS-PAGE. The enzyme exhibited maximum activity at pH 7.7. The
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Km values for [2.3-3H]GA20 and [2.3-3H]GA9 were 0.29 uM and
0.33 puM, respectively. The enzyme requires 2-oxoglutarate as a

cosubstrate; the Km value for 2-oxoglutaratc was 250 pM using 3y
GA2(0 as a substrate.

FeZ+ and ascorbate significantly activated the enzyme at all
purification steps, while catalase and BSA activated the purified

enzyme only. The enzyme was inhibited by divalent cations Mn2+,
032"', Ni 2+’ Cul+ , Zn2+, Cd2+ and Hg2+.

Effects of several GAs and GA anaogucs on the putrified
3B-hydroxylase were examined using [3HIGAg and GA,, as a
substrates. Among them, GAS, GAQ,GAIS, GA,y and GA, , inhibited

the enzyme activity.
13¢ 3m) GA2( was converted by the partially purified enzyme

preparation to [13C-3H] GA1, GAs5 and GAg, which were identified
by GC-MS. GA9 was converted only GA4. GA15 and GA44 were

converted to GAgz7 and GA3zg, respectively. GA5 was epoxidized to
GA6 by the same preparation. This suggests that 3B-hydroxylation
OfGAZO and epoxidation of GA5 are catalyzed by the same enzyme

in P. vulgaris.
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A= HAFem FAHAAL Fig. 1). Cn-GAE Cio-Gad Tz 2099
vt g Biso] Cp-GAR JBE CGaFdA 53] 3¢ #4i7)
T 7T GAT & AF84S uvehiivh 89d 17 =YEe=H
GAY AL AstEAY BE LAFABG IHBER GA: 3p U
Stol o8 Bztel 2B 3l A% EBPze 2 A9 wed oF A
olxejZIctar 2hat 4= glt} (Graebe, 1987) (Fig. 2).

#A, o 0 5H Gart PAo=RE FAH] glont o)Fo 4
89S Ze GAL F3] EH Ut GAYREYEIA K93 HHel

o= 99 ditR8A) (Spray o al, 1984), S7F-(k-1-AP) (Ingram ef al. , 1984),

HO,
HOOC\/"</CH20H 8 steps
e e

Mevalonic acid (MVA)

5 steps

enf~-Kaurene

H H 1
cooH ' CHo
GA,;-Aldehyde

Several
steps
- H 1 — [—
COOH COOH COOIH
(Co0-GAS) Cyg-GAs

Fig. 1. General biosynthetic pathways of gibberellins.
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Fig. 2. 3B-Hydroxylation and 20 -hydroxylation in gibberellin biosysnthesis.
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o] STAE GARE FR U GAZH O% BHT P 29T
(Phaseolus vulgaris L) Ul& Ex5 A52ste] |, GAS 9 98 7|55 7
dh= AL FAoZ 3Bhydroxylased] #AHo] W= JTE (Kwak ef al, 1988a,

1988b, 1988c, 1988d, Kamiya and Kwak, 1990).
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Fig. 3. (A) and (B). The fluctuation of gibberellin 3B-hydroxylase activity

during the seed maturation of two cultivars of P. vulgaris, Kenwucky Wonder
(KW, normal) and Masterpiece (MP, dwarf). (A) The 3B-hydroxylase activity

per mg protein and (B) the 3P-hydroxylase activity per seed. (C) Growth

curves of seeds of two cultivars.
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Table 1. Purification of gebberellin 3PB-hydroxylase from

of P. vulgaris L.

immature seeds

Purification step Total protein Total activity Specific activity Yield Purification
mg units® units / mg % -fold

Crude extract 1587 21750 13.7 100.0 1.0

Methano! precipitation 1206 18580 16.2 90.0 1.2

Butyl-Toyopearl 46.14 4989 101.5 2249 7.4

DEAE-Toyopearl 4.18 1978 473.4 9.1 34.6

Gel filtration HPLC 0.088 369 4291 1.7 313

* 1 unit is 3 x 10 mol / h when fH]GAzn was used as substrate.

21 -
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g

Fig. 4. SDS-PAGE of purifies gibberellin 3p-hydroxylase.

92.5K
66.2K

45.0K
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21.5K
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(A) purified

enzyme (5 pg protein), (B) Protein standars (25 pg of each protein). The gel

was stained with Coomassie brilliant blue
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Table 2. Effects of non-labelled gibberellins and gibberellin derivatives on
the release of SH from the 3B -position of GApp and GAg

Inhibition of 3p-hydroxylation (%)°

Gibberellins®
[3H]GA20 as a substrate [3H]GA9 as a substrate

GAs 46 65
GAg 36 31
GAqs 51 48
GAyp 42 59
GAy, 18 41

¥ W OE W NN B NN BN B B WY vy Er BN BN BN D B BN B Ee ey G B B BN M G e e mE BN BN BN b e e mm mw wm

Others ; GAy, GAj, GA,, GAg, GAyo,

GAqg, GAgz, GAz4, GAzg, GAs3, (No inhibition)
GAg-Me®, GAp-Me, GA,,-Me

® The concentration of gibberellins used in these reactions
was 1 x 10°M,

® Inhibition % = 100 - (enzyme activity with non-labelled
GA / enzyme activity of control) x 100.
[’H]IGA, (666 Bq , 6 pmol) and [*H]GAq (666 Bq, 0.4 pmol)
were Incubated with DEAE-purified enzyme (2.4 g protein)
for 1.5 h. Release of *H from [°H]GA,q and [CH]GA, without
non-labelled GA were 47 Bq and 43 Bq, respectively.

® Me = methy! ester at C-7.

FPES AR 2o Ad &Aosle GHGAy Ex (PH) GAE 7|A=
F XFVRSo] 2] 7Y ¥R GAS W7t PpAFukso] U 2y
ZAFE sH4et.
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Fig. 5. Biosynthetic pathways of GAs in immature seeds of Phaseolus
vulgaris. The pathways were refined by studies on the substrate specificity
of the 3B-hydroxylase. Thick arrows show the main pathway and light arrows

the minor pathway. All the intermediates were incubated in the cell-free
system and products were identified by [ull-scan GC-MS. Metabolism of GAj

to GAg was found in a cell-free system f[rom matured seed (Patterson and
Rappaport, 1974).
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s A, EFH @) WA FEENrd Ao THLE gesis Ao @
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thAte] theiAE obA] s A T (Takahashict al, 1986).

5) 3B-Hydroxylaseol] ¥ GAsZH-E| GA2- 22 epoxidation

GAs} 3pAke vhe-& AdsE 02 Hol, GAs= 3p-hydroxylases] 7]Z o)
g 7FsAol AAERT. A FAF Phydoxylasest BAMGAS
SAIAM 7 APER GAgs GC-MS| J3lA HEo® FASHATHKwak o
al, 1988d). ol}e] epoxyZ]E 71X GAgs oI5 ATE EFIE YT GAs
2R PP Ao wERen, =3I GAs7H 3B-hydroxylased] 7]E o)
Hol Gagdll HBHYUE AR GAs2PEH GAgeE9  cofactor L4 0]
GApOBFE] GApeRe 3p 48t e FogNol 3ppisivhest

epoxy3} RG22 Eore] o AYYRTHE Fe] AAH $IEL

4 =

GA B4 Wel glold FT PPUSPNES Suishe wbd AN 7
QT4 SAE ARE £UT A7 AAE 284D e ek
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