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Abstract: An open reading frame (ORF) of isopentenyl-diphosphate delta isomerase gene (FulPI) was cloned
from Fritillaria unibracteata Hsiao et K. C. Hsia. (F. unibracteata). Furthermore, the bioinformatics and functional
analyses of FulPI were performed in this study. The result showed that, the ORF of FulPI gene was 825 bp,
encoding a polypeptide of 274 amino acids in length, with a relative molecular mass of about 31 kD and a
theoretical isoelectric point of 5.61. Sequence analysis showed that FulPI contained conserved structural domains
and key residues involved in the catalyzing process. The phylogenetic analysis exhibited that FulPI was closely
related to IPIs of Dendrobium officinale and Musa acuminate. Real-time PCR analysis showed that FulPI
was distributed in different tissues of F. unibracteata, but had the highest transcriptional level in leaves, followed
by stems, bulbs, and flowers. Furthermore, the FulPI protein was successfully expressed in Escherichia coli
BL21(DE3). The purified FulPI protein successfully catalyzed the conversion from isopentenyl diphosphate (IPP)
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to dimethylallyl pyrophosphate (DMAPP). The above results provided a theoretical basis for further investigation

of the molecular role of Fu/PI in the biosynthesis of alkaloids.

Key words: Fritillaria unibracteata; isopentenyl-diphosphate delta isomerase; gene cloning; heterologous

expression; in vitro activity
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5 -D- iy % B B -4- 13 R (2-C-methyl-D-erythritol-4-
phosphate, MEP) i&4%. MVA 5 MEP #2358 IC T 5%
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RT reagent Kit 1 %% 577 £ & il cDNA.
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% it qRT-PCR ¥ 14 5| #) : FuIPI F: 5-AGCCATCC-
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1, E 2 Fi% M (O 100 mL H < 10 mL 1 mol-L*!
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1000 bp
750 bp

Figure 1
isomerase gene from F unibracteata (FulPI) cDNA. M: DL2000
marker; 1: PCR product

Amplification product of isopentenyl-diphosphate delta
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55 Glu"™" &5 2 5 g 3 P vh o0 T BRI B2 TR TR i 38 1
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TE R 28 (bootstrap fE 4 94), FulPl 5 KT .11t
Y (5PN (N IPIRA RIENEE LR
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I BENENKI 13
..................................... NMNQTEH ILINAQE VP T[ETL EJNY
. VQLLAE! I BENENKI 13
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.GLKGKLDDKI AT PEDETKTRGKFHF|

Fritillaria_unibracteata Y P DG [FI VR. . . . DV INPDISVADVKYNMKRDEBKEL VRI AGEDG SIAWERL. VVDNF BIL.

Homo_sapiens Y GI LVRK. . .. NV [DPNIST KSYCYMSKEEBKELLKKBASG. . EI KI TIAWHKI I AATFEF
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* *

Figure 2 Sequence comparisons of FulPI protein and isopentenyl-diphosphate delta isomerase (IPI) proteins of some species. The asterisk

represents a highly conservative area
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Figure 3 Phylogenetic tree analysis of FulPI

Fritillaria unibracteata IPI
Zingiber officinale XM 042519666.1
Musa acuminata XP 009384255.1
Apostasia shenzhenica PKA57779.1
Dendrobium officinale KJ161311.2
Ananas comosus XM 020250967.1
Aegilops Linn. XP 020169547.1
Zea mays NP 001105037.1
Oryza sativa AAF29978.1
Isodon rubescens AMW77340.1
Salvia miltiorrhiza ABV08818.1
Nlconana tomentosiformis XP 009608528.1

Psmum annuum XP 016573835.1

olanum lycopersicum NP 001234853.1

Cestrum nocturnum KY703397.1
Lycium chinense KF309675.1
Capsicum annuum XP 016550701.1
Actinidia arguta KF319040.1
Rhododendron japonicum f. flavum L.C021366.1
Astragalus membranaceus KF355965.1
Vigna umbellata XM 047299297.1
Pueraria montana var. lobata AY315650.1
Glycine max NP 001242135.1
Chlamydomonas reinhardtii AF082869.1
Haematococcus lacustris BAA33978.1
Ectocarpus siliculosus CBN79702.1
Dictyostelium purpureum XM 003286779.1
Polysphondylium pallidum PN500 XM 020580335.1
Dictyostelium fasciculatum XM 004350498.1
Dunaliella viridis KX189195.1

[IMonocotyledons

[Dicotyledons
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i o5 b 38.69%, LEfH EE 5 Mk 11.31%, g-Fr & 5 b
3.65%. HT B AT R D) KA A 1P AR (A ) = 4
gE 0y, LN IPT (2i6k. 1.A) AR (5 FulPI (5 51 4H
BLRE 2 51.98%) !, [F] 5 & 455 3K 15 FulPI ) = 4k 45449 .
FulPI 2 AR ERIR 8 1, JL 0T B A 41 4 5% 25 40 His81 7
T a-6 W2 HiE, His93 1 T a-7 42 i€, His130 2 T -4 5 a-8
Z 18], Glu188 A1 Glu190 M. F a-11 #575E (K 4).
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Figure 4 Tertiary structure prediction and analysis model of

FulPI encoded protein
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Different tissues of I'ritillaria unibracteata
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Figure 5 Expression levels of FulPI gene in different tissues of
Fritillaria unibracteata. Different lowercase letters above the
columns represent statistically significant (P < 0.05) differences

among tissues

4 FulPlifS R4 WL

¥4 pET28a-FulPl B H 44 i T %% A6 K i
BL21(DE3), IPTG #5 % /5, /£ 34 kD &b 3L T — 2% i
IR 2R 1 2% (B 6A), LK/ 5 95000 43 7 o 2 AH 745
(His #7254 3 kD), % W] FulPl & (3518 7 sh £ ik,
53 M FulPL{E 38 5 UTUE T I 73 A 15 5, K 30 FulPL7E
iE A R R, TR (B 6B), N FulPl &
AR R A R (e iE 1. BEJS, NP OR AL 2040 4 &R

1, 10% SDS-PAGE HiLyk U, 34 kD Ab &7 W 2 25
%t (K 6B), 3 B 23K 45 4l 2 4% =1 (1) FulP1 = 20 2% 1,
] TG S B TS .

A 1 2 3 4

95 kD
70 kD
55 kD
43 kD

33kD
25kD

17 kD
10 kD

Figure 6 Induced expression and purification of FulPI. The

black box indicated the FulPI protein. A: 1: Protein marker, 2: No
load, 3: Uninduced recombinant bacteria, 4: Recombinant bacteria
induced by isopropyl-f-D-thiogalactopyranoside (IPTG); B: 1: Pro-

tein marker, 2: Supernatant, 3: Precipitation, 4: Purified FulPI

5 FulPIZEBHESENE

% FulPl 5 K4 (IPP) 84 9 hJ&, LA Chen 23
18 1] IPP 55 DMAPP L A7 75 B (1) 'H NMR 15 5 & %
St BE B FulPT (B AR 3G 1 . 45 B Eor (K7), I8
Y AN E A IPP R KA 5 (1.64. 2.3, 3.8,
4.7 ppm), & &4 DMAPP [ 4 MFAEE 5 (1.51.1.61,
42 F1 5.5 ppm), % W] FulPI it 43 %% # 1k 1PP, 7~ 4
DMAPP.

S}
-~

T T T T T T 1
60 55 50 45 40 35 30 25 20 15 10 05

ppm
Figure 7 Proton nuclear magnetic resonance (‘"H NMR) spectrum
of the reaction mixture. 1 is the characteristic signal of phosphate
group in dimethylallyl pyrophosphate (DMAPP) structure; 2 is the
characteristic signal of double bond in DMAPP structure; 4 and 5
are the characteristic signal of methyl in DMAPP structure; 1’ is
the characteristic signal of phosphate group in IPP structure; 4’ is
the characteristic signal of double bond in IPP structure; 5' is the
characteristic signal of methyl in IPP structure. OPP: Diphosphoric
acid P1-methyl ester
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IPTAE Sy A= WD AN G 0 A 0 i P 0 L e g,
f 1k, TPP F DMAPP 2 [8] [ AH B 4k, £ A BH & 1-1F
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Wt 7 | DU BRI 3 B A ) 2 — — g 58 DUBRE R R
I 7 B FulPI 3E K (/) ORF 7 51 . AEW0Ms B % ik
B, FulPI 5k 22 $UH W ) TPT &5 #2840, 45 DA A& T =X
e, s i E LR BN 274 aa, X 5 B RIE I
IPIfiT & A FE B B H (226~292) AWy 1319, B4
DUBE IPI A7 7E TP1 X & #2 A 1) PLN02552 J% Nudix_
hydrolase superfamily 45 #J 3k, J& T Nudix_hydrolase
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HE 4 Berthelot %" 73 24K 4, FulPI 1 4 i S5/
(20T 300 MR FE R IR, LR AR R A £E, BB T
Nudix # 5% % 51, BVA N1 IPT. FulPl 28 (A 2%
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HREUTVEE TPT 2R [ 1 20 45 W 2L 1l 22 ) S5, Ik 1 2
SR TR AR RS 7 . FulPLIE T /B B AL, i
PEFRD B\ HETA, B His81.His93 His130.Glul188 Al
Glu190 %5 & FE R FR L 41k, 1X 5 AN S R SE R ik 3 1
BN, T AR 35 1 0 (B 4), i B G A7 S 2
Mg Fl Zn*' %5 4 J& %5 1, 2 5 IPP #l DMAPP (1) = f44k
SN FulPL 5 O\ Y5 TPT f o B 2 35 R Ak 38 v I
f5r, HEM FulPl B 5 U5 IPTAR LR A Ak i v, HIX
Se Ty B A7 AUTE NP5 K AT B Y S A R A o e 3 e
TRAF, RAERF IPL AL VE R 2 E 2R .

X FulPI 3 [R] (1) 3R I8 158 X 40 A 30, FEAE 1)
FiEERE, X 5K %R PTG # &R 5,
SR, FulPIHE R 2 1A 45 30 5 7 DUREBRZE 1% 45 DL REAS
[F L2 (1 o A A L I AN &, HEDZ I BT Be 5 4R
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P EERR, 2 5B MAME RN R LD
A 2RI B0, £ MVA 242, 0 T L3 2. Bt
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MEP & 12, 17 T 1% 19 5-19 8 Jid 40 A B 5 J5E 5 )
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ik T P 20 2, TR VA TR) T R AS T v B 0 i R k™
T AL T A% N Ui 1) e M 5 B2, 0 7 I 4% DL BB =X o
RIS S . BRI, 7 DUBEGRSE A= W) B8 ) A % 1T e
WS DR 2 AN, Fovh, 3@ 42w 135 23 S B2 Af
REAE AR T 2555 B, — 5T, XAER T Y&
R A 1 = A= (0 Tl 1 s 1 X A R 55 D 5
—J5 T, 123 DMAPP 5 IPP & o 8] = 4 1 45 1, Ko
SR GRARREE PR R R, AR R

ABC# 12 %5 1 (ATP-binding cassette transporter, ABC
transporter) fl/8¢ Ca® B 55 4H 5> 2 5 | IPP & 2
V6] 7= 7 S [R) 40 i ) Fr) 3 A FE 04 3 3 6 i 45 D
R S5 A B0 o A B, AR D BBV R ABC #2225
R 2644, fKEE Ca™ Il 12 1 2L K 80 1,
XLtz E A Re s S5ikia b n ey, 25590
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FLHIETE A [F, FROAEH Mg” (3R 559, FulPl 4%
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