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Molecular Cloning, Sequence Analysis, and in Vitro Expression of
Flavanone 33-Hydroxylase from Gypsophila paniculata
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ABSTRACT Flavanone 3[(-hydroxylase (FHT) is an enzyme acting in the central part of the flavonoid bio-
synthesis pathway. FHT catalyses the hydroxylation of flavanone to dihydroflavonols in the anthocyanin pathway.
In this paper we describe the cloning and expression of the genes encoding the flavonoid-biosynthetic enzyme
FHT in Gypsophila paniculata L.. A heterologous cDNA probe from Dianthus caryophyllus was used to isolate
FHT-encoding ¢cDNA clones from Gypsophila paniculata L.. Inspection of the 1471 bp long sequence revealed
an open reading frame 1047 bp, including a 190 bp 5' leader region and 288 bp 3' untranslated region.
Comparison of the coding region of this FHT ¢DNA sequence including the sequences of Arabidopsis thaliana,
Citrus sinensis, Dianthus caryophyllus, [pomoea batatas, Matthiola incana, Nierembergia sp, Petunia hybrida,
Solanum tuberosumn, Vitis vinifera reveals a identity higher than 69% at the nucleotide level. The function of this
nucleotide sequences were verified by comparison with amino acid sequences of the amino-terminus and tryptic
peptides from purified plant enzyme, by northern blotting with mRNA from wild type and mutant plants, by in
vitro expression yielding and enzymatically active hydroxylase, as indicated by the small dihydrokaempferol peak.
Genomic southern blot analysis showed the presence of only one gene for FHT in Gypsophila paniculata.
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M 2 noid AY3HA] A=Zof 9lojA (2S)-flavanones ©. 2 E ] (2R,3R)-
dihydroflavonols 2 2] hydroxylation 3% 23 Zujsl=

Flavonoids+ phenylpropanoid 3}gHE2 Y¥txo=z +~4 o3-S 31} (Figure 2). Co-factor®] Qx| what Basha
ol AEe) odszof A7 o] Hrt flavonoidsw ] A FHT% 2-oxoglutarate dependent dioxygenasesol] £3l= A0
% 7P REAoln PlletA £xEe] 9o 1 Axt 2 o4} A 9t} (Britsch ef al. 1993). 0] 18| &3t AA
RIS, Sieby i AsfetoR @ A7 oA = A, Zuo] 9 A7l 1349} 23}t At 221 %t
Qlc} (Heller and Forkmann 1993). 3}48 dl&sl= 71 off & gsta glon dao] S o] IS0 &3k mA
H A9l 15-& anthocyanin®|® ©]3F anthocyanini} tannin, E9] 72k iaiA e AF7} o]E 6]z 1 9t} (Turnb-
flavone & flavonol glycosides2}2] co-pigmentation-& E5}4] ull ef al. 2004). BAYESHA] AL 93 FHT $ARE
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o} (Britsch ef al. 1992), 7}dl¢] A (Dedio et al. 1995), T2
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Figure 1. Schematic flavonoid pathway FHT: flavanone
3B-hydroxylase, F3'H: flavonoid 3'-hydroxylase DFR:
dihydroflavonol 4-reductase, ANS: anthocyanidin synthase.
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Figure 2. Stereospecific hydroxylation of (2S)-flavanones re-
sulting in the formation of (2R,3R)-dihydroflavonols cataly-
zed by flavanone 3(3-hydroxylase. The (2S)-configuration of
the substrate changes to the (2R)-conformation in the product
as a consequence of the introduction of the hydroxyl group at
C-3. The optical activity is usually levorotatory for the (2S)-
flavanones and dextrorotatory for the (2R,3R)-dihydroflavo-
nols.
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Figure 3. Nucleotide and predicted amino-acid sequence of
FHT-cDNA clone from Gypsophilla paniculata.
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Z\EEALL 433 A1) 1.5 kb 27]9] clone G3Tto] full
size clone®< stk A7IAE 4 FA3E B )
22| FHT -F3 A= 1471 bp o]0 o] 3 coding region-2 1047
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poly(A) tail& 7}X|3 JUch (Figure. 3). Start codon} stop
codon-g AHE Y start codon-> AAAATGG = Joshi (1987a)7}
3 AEA Y 279 codonPt A5t ATGE] -39]2]f
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denylation signal AATAAA + TAA translation stop codon &
2HE 41 bp downstream $JZ]o] 2.1 polyadenylation site
of| 4] 172 bp upstream x| ZA5FATE (Joshi 1987b). o] &
FARS] Q7ML FAMI-E Citrus sinensis (Moriguchi ef
al. 2001), Matthiola incana (Britsch et al. 1993), Petunia
hybrida (Britsch et al. 1992), Arabidopsis thaliana (Yamada et
al. 2002), Nierembergia sp (Ueyama et al. 2002), Vitis vinifera
(Sparvoli et al. 1994), Solanum tuberosum (Betz et al. 2002),
Dianthus caryophyllus (Dedio et al. 1995) Ipomoea batatas
(Shiokawa et al. 1999)59 FHT S72Ae} v|mwsl Hwy
nucleotide level ol A= Z+2} 73%, 70%, 73%, 70%, 74%, 71%,
69%, 84%, 72%Z LFERN Q12 amino acid level A= SR) 2+
& 229} A4S ehsiet (Figure 4). ol2fat SHjoilA
H% Q=S FHT f-42k= 22 Caryophyllaceae T}l 43}
= 7H|ol A (Dianthus caryophyllus)@} nucleotide levelof 4]
84%, amino acid levelo A 88%E 713 =2 AXAS HY
t}. E3F 22 Solanaceaed}ol| <3= Petunia hybrida, Sola-
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Figure 4. Comparison of the nucleotide and amino acid
homology of FHT. Gp: Gypsophila paniculata, Dc: Dianthus
caryophyllus, Cs: Citrus sinensis, Mi: Matthiola incana, At:
Arabidopsis thaliana, Ph: Petunia hybrida, Ns: Nierembergia
sp., Vv Vitis vinifera, St: Solanum tuberosum, Ib: Ipomoea
batatas.
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Figure 5. n vitro expression of the FHT cDNA clone of Gy-
psophilla paniculata. M: [MC]-methylated markerprotein, 1-4:
Sense mRNA of Gypsophila paniculata. (1pl 0 10 ub
5: Antisense mRNA of Gypsophila paniculata. as a negative
control.
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A protein SDS-PAGES 4] 21ela) 2 23} Refat
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Figure 6. Southern blot analysis of genomic DNA from wild
type Gypsophila paniculata.. 1: Digestion with EcoRV. 2.
Digestion with Xhol.
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Figure 7. Northern blot analysis of poly(ADRNA from the
wild type and mutant of Gypsophila paniculata. 1: Wild type
cultivar “Flamingo” (pink) 2: Wild type cultivar “Red Sea”
(pink) 3, 4: Mutant cultivar “Bristol Fairy” (white) Hybridi-
zation of the same blot with a rRNA probe was performed to
test equal loading.
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Figure 8. Radioscan of TLC (Thin Layer Chromatography) on
cellulose from FHT assays using ["*C]-naringenin as sub-
strate. A. Assay with crude extract of wild-type Gypsophila.
as a positive control B. Assay with in vitro synthesized FHT
using poly(A)RNA from flower buds of wild-type Gy-
psophila. C. Assay with reticulocyte lysate as a negative
control.

NAR: naringenin, DHK: dihydrokaempferol.
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