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Changes in Gibberellin Hydroxylase Activity during
Seed Maturation of Phaseolus vulgaris L.
I. 3B-Hydroxylase Converting GA,; to GA,

Kwak, Sang-Soo, Yuji Kamiya*, Akira Sakurai* and Nobutaka Takahashi*
(Plant Cell Biology Laboratory, Genetic Engineering Research Institute,
Korea Insitute of Science and Technology and
*The Institute of Physical and Chemical Research, Saitama, 351-01 Japawn)

ABSTRACT

Changcs in activity of gibberellin 3B-hydroxylase which converts [PH]GA,, to GA; were studied
during seed maturation using partially purilied enzyme preparations of two cultivars, Kentucky
Wonder (normal) and Masterpiece (dwarf) of Phaseolus vulgaris. The specific activity of 3p-hydroxy-
lase per seed reached maximum at 21 days after flowering and subsequently decreased during
seed maturation in both cultivars. The ratios of conversion of [17-1%C, *H:]GA to GA,, GA;, and
GA; by the same amount of 3B-hydroxylase were almost identical. Epoxidation of GA; to GAs
is also catalyzed by the partially purified 3B-hydroxylase preparation(Kobayashi et al, 1991) and
the conversion was inhibited by the substrates of 3f-hvdroxylase. These results suggest that the
same enzyme might catalyze 3p-hydroxylation of GAs to GA, and epoxidation of GAs; to GAs.
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Fig. 1. The 3p-hydroxylation from GAy to GA:.. The nu-
mbers on GAy structure denote the carbon number of
en/-gibberellan skeleton.

et al 1888a, 1988b, 1983c, Kobayashi et al., 1991).
APl M 7hdE a5 w2 GA 3p-4tat
e FJ/"LJ HEZ AAEa Kentucky Wondersl A
#<l Masterpiece®] v|5#ARH 28 AL E0F

kel 2T

Mz U

AlEME U Zgaee| =H| 742 (Phaseolus vul-
garis L)% 53 Z(AA5a] Kentucky Wonders}l gAFql
Masterpiece)Z EA el 4] FHefol| Fale] afulsteic). 75}
Alel) Fol) Moz TAE 3o AF F 10dRE v
A& FAE 4;3?}?}04 Far g 2abstz, 45
A7} o2 A 2] v A% FALEHE] Kwak $(1988b)<]
ui o)) whel Z:_‘é'.ﬁ:ﬂ‘,% aAsEeh A x589
zA e 71 w4 LT o= IGOOJH”J'J—E'I 7 e
Aol e 150702] $243 Abgstsich w14 < i frst
5 Zeg & W oalew mEadl r'1r
9} Eakel skl A0.05M 4, pHS.
ES Ahas K b seiala
gich b 3
4C, 2000Xgi 1087} %_';'—Erﬂlﬁh oA
200,000 X gel] 4] 14} 7}
B-ratEaiel FH Al
g dry ice 2ol 4 pelletE THE & Al A2 freezero]
BEo] Afel A8

3p-pitE Lo FEE JHI

rd[o J‘\
o[}l
_‘d

o we

ile d

S
o_:[.\,:(o_
—.—"ftl"l-"‘l’

X s &

':‘c{fu
o & Rl 2

H
f
2
53
o
-

e
n:;t
2
]o

0, _°,
ofd
N
O
]
&
iy
2

ol
2

i
=
o
a3t
g
lo
il
_o'|_r‘I
peoh
£
B
B oo !

J

/—\

FF AR —20T o 4

W4 h%-E— 15% T=7F HE=2 Hriste] g
F A7 B Ag A AASe ¥-€ 4 B(30% gly-
cerol, 0.2M sucrose, 2mM DTTE *£&aF 0.06 M <4k,
pHB0)E AHgsted 4T ellA 147 -‘1:—’5'“}‘ ¥ B

E3Feke 20%7) HE B Arlele] Butyl Toyopearl 6505

(2.2X14 cm, Toso, Japan) A#e] Zdsldel g B

o) zaGek EEE 20%REE %778 TR
[+

A2FAERE 4244 F, 2hEd Bl R 3p-p4AlstE
a2 g5 sl ale] gake Bradford(1976)) ¥

Vol. 35, No. 3

o Fae] A)shair.

Sagel BF. 3p-pagEad 7)dae [239H,)
GAx(1.21X10° GBg/mob)-& Murofushi S(1977)e] =A%k
AE Fope} ’*]ﬁﬁ}“t% Frgds S5t 2EAReY
(200 u)-& BAo(ehEd BR 49 100 w), ascorbate(0.5
M, 2 uh), 2-oxoglutarale(0.5 M, 2 ), FeS0,0.05 M, 2 ul),
712q) [2,3°H,]GAx(333Bg, 2u) % $&9 A2 ph=
=4 Ak BaAA 8 Bk 3prabHES 42 [2
3-H1GAxS 718 E Abgslelow 3p-7sbsubgo 4l&)
[2H1GA 5 [FHIH00] Ae¥y o2 gA=siti= 7o)
dslgjerg AAZQ [FHIGA 2 WAEAdS 245
4l FHIGH,& 35 wiez 82848 734t
(Kwak et al., 1988b). F b8 30T o 4 1A17F w347
3, 08 mie] &t 30 mgs] #4EE el wkad
o, PH]e R 244 7|28 dAeg @Ak F34
Hok o)8 AARelsle] AXd 200 W2 W4 scintillation
counterZ HIAMEAE EAste] 3P-pAHEL P T
slodch 3p-ratHE L S48 AER ALS Lunits 7]
Aol [2,3°H,JGAxn 300 Bqe} E-ADE 30T oA 143
HheEte] [HIHpS 3X10 Y mole WA dz Hefd

ﬂ

sk
[17-2C, 3H,1GA02| tHARME.  [17-2C, "H, GAx(L.
75 GBg/mmol)-& B.O. Phinney #-(University of Califor-

nia, Los Angels)2HE] Eokwioiel #4Hkge AR
[17-8C, *H,]GA» 833 Bg& Ahgsted [23-H,IGAx2 7
+2} e wpyo® Rt F, HMHES] 42 Kwak &
(1988b)2] b el uwlz] ODS(4.6<100 mm)4 3 3 Nucleo-
sil N(CH:),(46X100mm) H=& ARSsped Hafsiglch
ARES) HEAQ PAEAL Takahashi S(1986)0] W
o2 gas chromatography-mass spectrometry® 3}%]
v},

ZFE GA U GASEHMZI GAs2l epoxidationo] O|xj=
gk 1539 GAS} 352 GAS =7} GAZHE] GAs

2] epoxidatione) )z 2388 zalelgdrh Epoxidation
o= 714 [17-9C, *H;]1GA: 500 Bqe} H-3- A4 5 3p-¢
AEEAB5 ug)el 22 GA ¥ FEAE HEEEol 1X
10-3Me] E =2 Hslsle] ell4e] GA,9 AAurgat
2o = ol gecarhate, 2-oxoglutarate, FeS0E #7islod
30T ofl 4] 24)7; whg-ste] AAE-3 HPLCE #4stqlch

4 o

AHEERD M, NE F 1048w 37974z w|AdE
5 F&ale] FHe) W5 B 3 £x) dlE,
o] Fakg 23sle] RARE 2h718) YT 4L Fig 29
. AAEe Kentucky Wondersl #4139l Master-



September 1992
- 100
< ] %
L1
s 1A
o 80+
-
E
=
:."’. 60 ]
[
2
= 40+
= ——o— KW unit/mg
a 1 ~—a—=  MP unit/mg
20 ~
@
E 1
= .
.
15 0 — T T
10 20 3o 40
3
T 1 B
[+
@
€ 2
2
= .
=
]
® 11 """'-.‘.
D
£
= KW univ/seed
i —-e—— MP unlt/seed
0 r . —_ . —
10 20 3o 40
1000
]
_ C
T 800+ -
8 e
k=] '
E  &00- &
3 J
u'n: ,.,«."‘/
- 4004 ’_..'.'
<]
!
= Cl
=y ol
; 200 4 A" —o— Kentucky Wonder
*3 ——e—  Masterpiece
] —_ : - — .
10 2Q 30 40

Days after flowering

Fig. 2. Changes in the activity of gibberellin 3f-hydroxy-
lase converting [2,3-*H.]GAx to GA, during seed matu-
ration of two cultivars, Kentucky Wonder (KW, normal)
and Masterpiece (MP, dwarf) of Phaseolus vulgaris. A,
The 3B-hydroxylase activity per mg protein; B, The 3f-
hydroxylase activity per seed; C, Growth curves of seeds
of P. vulgaris.
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Table 1. Effects of non-labelled GA and GA derivatives
on the epoxidation of GA; to GAs

Gibberellins* Inhibition of epoxidase activity**
GA, 0
GA; 0
GA, 0
GA; 68
GAs 0
GAy 36
GA12 0
GA]5 46
GA19 0
GAy 73
GA,, a
GAz ]
GAgg 0
GAu 31
GA53 0
G‘Ag—Me*** 4]
GAgo—Me 0
GA.24-Me 0

*The concentration of gibberellins used in the reactions
was 1X107°M. *["C, H]GA; (500 Bg, 1.66X107°%M)
was incubated with partially purified 38-hydroxylase (8.5
ug protein), Fe?* (0.5 mM), 2-oxoglutarate (5 mM) and
ascorbate (bmM) for 2hr at 30T . Production of GAs
was 124 Bq in control incubation. Inhibition %= 100-(enz-
yme activity with non-labelled GA/enzyme activity of co-
ntrol) X 100. ***Me=methy! ester at C-7.

A= 3P-FARELS SEH0T B3 AANY 4= 99
ok 20% #Hwg AAPL GrAAL] 2r)DAN T}
9 AAggiid 5L AAY 5 e ez Ex5)
qrAz A5g dAA ZAG Sad BaEe gt
(Kwak 1988). 7] 12 A8 AAwel d¥azne
el ARe] ¥3E 2 5 olE oAE g4k

Fig. 26l 449} 7Z+e] Butyl-Toyopear] Z&el] 2jgt £4A
SFEvEINNE P-FAESE FEHeT HAY 5
S ¥ ofvizt WA GAs} B Sl o2 GA 434
A EE 58 25d AEAE AAL ¢ gt ®wak
et al., 1988d). TH-521e] 57} 0%y ) 3p-2=4k5tE A7)
H23 7o R Hol, o] miAE Ao W% gz F
Z-xc}

GA 3p-srAts}d o= 2714 1) 2-oxoglutarate S 8T8l
47L& A[EC. 1141112 ds] EqtAstel Malsw
27148 e A7t A EBrbssidod, 34AAF
o] HA8AAE AHAF7] flste] ARAR 30% gly-
cerol, 02M sucrose, 2mM DTTE <5de FHrlslhe

dle %
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Radioackivity {12

UY absorbance ot 2680nm

Number of fraction

Fig. 3. Typical Butyl-Toyopear] elution profile. Methanol
precipitation preparations were applied to the column and
eluant was collected in 5-ml fractions, of which 50 u/ each
was assayed for the 3p-hydroxylase activity. The chroma-
tographic conditions were described in Materials and
Methods. --@-- enzyme activity; protein elution
profile (UV at 280 nm); ------ (NH.):S0, gradient,

i2xe 2¥4EE 249 4 9l¢icH(Hashimoto and Ya-
mada, 1987, Kwak et al., 1988b).

EXM =0l WE 3p-FMEEA A Fig 2A Be
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49 Adle we G¥AG FLHMe) Ha ]l
MEte] LAl RjHEAE dFe 2 A5 7153 Maste-
rpiece] 7)& F 13Y AF9) FLE Al4ale] o] E4F
A sdct(Kwak ef al., 1988b).
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(Kwak et al., 1998a). &5t Endo £(1989)-2 A=<l Ken-
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A GAS 43 23, F FE0CE WA GAS) 257
Fgol Az 2po]7) GSE Feldlon, g Ay
Akl ), S aje}l o] GAje] AzHAAA e
Z23% d&g = A GAYSE AAsid 2dE-e
WA GA=l v|s5Fale] 3p-pastEs o] AT
A A Zol7} §le B g, Masterpiece] sfAldtd o=
gheA] A GA ool 2§ 7o) ofel Fele] 4eld)
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1 ca olatell 2l3} Aola} of A2 cHFujioka et al., 1988).
% 2 aas ] [17-5C, H,1GA®] tHAL 7 AAukA 2 e Be
x - & cas AR 3p-4k5hE20) EL2KE unin) ] BT AFREk]
M GA20

Products and substrate (%)
&
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ARNR
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Fig. 4. Conversion of [17-*C, *H,]GAg to GA;, GA., and
GA; by partially purified preparations {rom seeds of dif-
ferent ages of Phaseolus vulgaris, Products were injected
onto a Nucleosil 5Cy; column (4.6X 100 mm) and eluted
with a 32-min linear gradient of 19% methanol to 46%
methanol in 0.05% acetic acid at a flow rate of 1 m//min.
The retention times (min) of GA, GAs, GAs; and GAg
were 185, 30.0, 22.0 and 32.5, respectively. The eluant
was collected in 1 m/ (1-29 min) and 0.5 m/ (29.5-40 min)
and analyzed by a liquid scintillation counter. For the
separation of GAs and GAs, a Nucleosil 5N(CH,), column
(4.6 100 mm) was used.

‘ COOH

[17-5C, *H:1GA»S] WAk 241 A5, GAwd GA;, GAs,
GA2 2 #4302 Wgsglon, T T4
ol GAR e 2HE GA,, GAs, GAs2] ¥E-go] 7] 4=
st} &9 GA: HE YA P-F4lstas 2do
o5 GAZ agHos wgsgciKwak e al, 1988c;
Kobayashi et al, 1991). [17-C, *H;]1GAs2Z¥E GA.
epoxidation®l| = GAxo.2HE GA,Y 3-8 4s 7)
<2l GAs, GAg, GAss, GAw, GAyell 18] Be]do.2 Ha) 2
whglti(Table 1) (Kwak ef al., 1988c). %3 GA;9] epoxida-
tiong GAx»®] 3p-4tgukgat 7o) 271 A3} 2-oxogluta-
rate, ascorbate® 87l 44 H7)E 4ot Kobayashi
et al., 1991). ©14-8] A= GApe 3p-F4rauk-2) GAs 9
epoxidationg FUE A ] 2o gL A)Ago) o) 2y
AT 35T ANA GAnS] WAl GAE AX GAZ
7hs AES GAE AH GALE 7l AEr) A5
g Aok (Fig. 5).
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3p-FaAFAELE A3t PHIGARSEYNE GAZe &
2849 W3t z2ARlGoh F FE9 2450 0=
38 pasEs g4e) s Folele Aelr} gtk
3] oIS FRlel A @8] Ay GA 3p-FAtEta A
4ol M w28 EA A slR4ge AH

‘ COOH
Ghg

Fig. 5. Biosynthetic pathways from GAsx to GAs; and GAs 3@-Hydroxylation of GAs to GA, and epoxidation of GAs
to GA; are catalyzed by the same preparation. Metabolism of GA, to GAg is catalyzed by a separable 2-oxoglutarate-
dependent GA 2p-hydroxylase (Smith and MacMillan, 1984).
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F 214 AFA HAFAE ehgled, £ o5
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