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Abstract: Tropinone reductase | (TRI) is a key branch point enzyme in the midstream of tropane alkaloids
(TAs) biosynthesis pathway and represents an important target for TAs metabolic engineering, which can lead to
metabolic flux of substrate tropinone to TAs. A novel TRI gene was isolated from Datura arborea, a woody
resource plant, and designated as DaTRI2 (GenBank accession number is MH705164). The full-length cDNA
of DaTRI2 with 1135 bp exhibits a high sequence homology (96.8%) with DaTRI, and is predicted to encode a
protein of 347 amino acids. Deduced DaTRI2 protein contain a conserved TGXXXGXG motif involved in
NADPH binding, the catalytic N-S-Y-K tetrad motif and eleven amino acid residues important for binding to its
substrate tropinone. The phylogenetic analysis revealed that DaTRI2 and other TRIs from Solanaceous plants
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belong to the same cluster and DaTRI2 exhibited closest phylogenetic proximity to TRIs from Datura. DaTRI2
was expressed in E. coli and the purified recombinant protein can catalyze both tropinone reduction and tropine
oxidation with an optimum pH value of 8.0 and 9.6, respectively. When tropinone was used as the substrate, the K,

and V,

max

values of DaTRI2 at pH 6.4 were 210.05 umol - L™ and 69.6 nkat - mg™ protein respectively, while the K,

and V,.,, values for tropine as the substrate were 188.03 umol - L™ and 114 nkat-mg™* protein respectively, at pH 9.6.
DaTRI2 transcript was most abundant in the young leaf, followed by the root. Cloning of DaTRI2 gene and
biochemical analysis of recombinant DaTRI2 facilitate further research on the molecular mechanism on TAs
biosynthesis in woody plants and provide a more potent candidate for TAs metabolic engineering.
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Figure 1 The biosynthetic pathway of tropane alkaloids in Solanaceae
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Table 1  Primers designed for gene cloning, vector construction and real-time PCR detection

Primer name Primer sequence (5'-3") Annealing temperature/'C
F-DaTRI2-full CCCATCCCAAAATAGTTG 51
R-DaTRI2-full GTGATGATAATAACAGAGAAC
F-gPGK TCGCTCTTGGAGAAGGTTGAC 59.5
R-gPGK CTTGTCCGCAATCACTACATCAG
F-q18S CAGATACCGTCCTAGTCTCAAC 57
R-q18S CAGCCTTGCGACCATACTC
F-gDaTRI2 CGTGAGAAGCTTATGCAGACTG 58
R-gDaTRI2 CTTCAATAATGGATAAGCAATTTGG
F-DaTRI2-pro CGGATCCATGGAAGAATCAAAAGTGTCC 52

R-DaTRI2-pro

CGAGCTCGTGATGATAATAACAGAGAAC
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Figure 2 Comparison of tropinone reductase-1 2 from D. arborea (DaTRI2) with other known tropinone reductases by multiple sequence

alignment. Identical and the conserved amino acids are shown in white on a black or grey background, respectively, and the non-conserved

amino acids are shown in black on a white background
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Figure 3 Three-dimensional structure of deduced DaTRI2
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Figure 4 Phylogenetic relationship of DaTRI2 with other plant TRs. DaTRI2 was indicated with a black circle. The tree was constructed

with maximum likelihood method in MEGAS5.0
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Figure 7 Real time PCR based comparative of the expression of
DaTRI2 gene in different tissues of D. arborea
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Enzyme Substrate pH Assay V,./nkat-mg* protein K, /umol - L* KoafS? K./K /st (mol - L)?

DaTRI2 Tropinone 6.4 69.6+1.2 210.05+7.54 2.04+0.35 9714
Tropine 9.6 114+3.6 188.03+1.84 3.35+0.11 17 819

DaTRIM Tropinone 6.4 88.30+1.81 2.65+0.19 2.93+0.06 1106
Tropine 9.6 171.62+5.42 560+0.04 5.69+0.18 10 161
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R, FECT TAsIRmMIRE R HEZES, X — m7EL
HEH S S A5 2k DA 1) TAS AR U T2 AR I JC A B 2 o
IR B L T R 2 FH A R T 3 5 SRR v 1 5k
24, HEH 1] DL A 1 25 Bl A 10 O AR B 25 Bk, 7R 00 R
A AR 2RI YR 1 PMT (55— BB AR 2 [R]) A HEH 2 A,
BARRE SIS ER S T 8%, (HRWESWMI A K
0 4 B 24, T T B AR R 2 0 B s M PR A
PMT FIEL %5 HEH JE A, o JL T 422 28 B 2 o)
Wk, R 75 R 5 K] (19 9 a2 A2 AR A AR AR BT 1) DR B,
SRE AL R I TRISE K5 TAs AR TR B A +4
HEEME XL

8 48 (1) TRI J [R SR YT 8% F B A TAs B I HE 4,
T A S % Y5 A SRV 1 TRUE B A 9T . A S22
WA AR 2 B AR 5o B 31— 4% DaTRIJE (K, EAE
[ i3 1 % B DaTRI b DsTRI B A 5 & (1 JEE 4 3% Al
P, AL RCE S DSTRI ) 2 5189, ARt — 0 K
A A B TN REFE R, oy 5 B — % HT [0 TRI P
7, fir 4 7 DaTRI2. DaTRI2 H % Th R 1 TRI T 25k
(1) BT A O 5 38 7 AL A, 0 1 S I 20 465 6 v o0 A DY
AR, 75 LS5 2D RN TRI & — 3K
TR ) DaTRI2 = 2 45 /245 45 & R I “ 10 487 4
PRI R LR AR 3, . X b4 1Y 35 ZU S 7R DaTRI2
D — N E R TRIMGEE

it — 5 564 DaTRI2 FO R 16 2h R 3+ 0F 78 HLiE
PE 5855, I KR A B AR IA R SEAZ AT, I3k
57 4tk B 41 DaTRI2 & 1. DaTRI2 REMEAL AT 1)
FE b B 3 SR A i SRR S o R SR S ) B i
pHAE 4 8.0, 1X Fl L IE I FEAS TRIS £ id pH & 14 A~
— 5 (E 75 HnTRI. 2 f¢ % DsTRI 5 WSTRI (1 £
i&E pH E 23 5 4 6.1.6.4 A1 6.7)11, {H X1 A1 DaTRI AR
3 CoTRI [FAH [FPA, R B AN [E B8 AR A B A ) TRI
(B AEAE — € 2 7 . DaTRI2 £ Bl M 4 44 K 0% J 17 fi
L FE b S A A FE L R, B35 pH fE 8 9.6, 5 DSTRI
HOE pH=9.9 #21T o 4 i 5T 2 I R M ) PR 8, TRIE 48
i 2 5 4 H DSTRI A1 DaTRI 1 /& 7F pH=6.4
AT B2 71 2 800 e, RAE T B, A BT ik $F
pH=6.41F J9ill & % . DaTRI2 Lt DaTRI X 4 it Fiil H.
A = SEA T (K, 18 43 51 5 0.210 mmol - L1 2.65
mmol - L), {H 5 K & W38 S E AR (Ve 77931 4 69.6
H188.3), 454 K, DaTRI2 [i4A S 1k 2% % & DaTRI
(1) 8.8 1%, 1M DaTRI ) T4l i f# A6 3% 14 22 = T DSTRI,
Fr LA DaTRI2 & — N @ A e i i i e e . R
AR N ) f% 3 pH=9.6 ', DaTRI2 %8 5 i 5
TR R0 A 2003 T ey 1 JL S T, (ELE 200 e A B
BT 26 T, S IR BEAS KT B8 AR, 340 S FE & I A= Bl

FE&h A DaTRI2 (AL 7 17

FE A (R B2 YA o, TAS — FAE AL ) 1 AR o
A%, G TRIZE A IR TAs & R 12 38 DR 35 5 53 o
FE AR IR T2 R A 8 g % o v B 1 5 — 2%
DaTRI 4R 7E AR Hh 3 &t A far, H & 78 HE A LAt 350
L1 AN TR R FE 1 2H R Rk Y, AR 72 7 DaTRI2 &)
2 IUAS A [ R IE A 2, TE Ly b 2k & i g, R
R, R AEARAR B Fe B AR I A & TAs A R i) —
WAL, A2, DaTRI2MRBHER S A 2T Hh 5
— AN & 15 5 IR DaHBH [ 3% A A5 3l A AU .
HEH 7 T TRI i, B8 b AR B I & p . 7R
AR b, HEH & 76 AR Rk 5 M Rk, 1 il
HA R (1) DaH6H ) 32 2 7E i 3R IA, ZiAR A B,
W AT i TE 1Y R Al A ) Duboisia myoporoides 1]
DmH6H A e R IA B F w5 XN EEE
FRARA T 2H 23 32 38 B X I 4 AH B IR : TAS 78 K A 2 fi
B ep A RCR] BE R 2 A I, LR AR R B AR
A

W O A 15 2K E, DaTRI2 ] G & DaTRI %547
B[R, P9 AU AR AL AR i, (R R RIBAEE R %=
S AHEYME ST, FERAMIERE T IFER
cyp7lavl PRI 2 5 £ (1) %% 56 K F AaWRKY1 17
T S5 v 5 DR 2OV 43, 3 2 B R R AR 7 A AN T
(SRR E A AT . A 2 R B AR AE AR AR R AT
TE AN A 1) P, L 15 30 A7 7 oAt v P AN R 1) TAS
B RS R FE R ) SR SR R, 3 AT 1 S B A

AW B IRAE TAS BIEHE D) i B 3] T — 2k iih
P TRIZ5 47 3 X DaTRI2, 5 41H§5) /727 I 5 2 W] 1
A EE E 4738 () DaTRI A1 DSTRI B A5 5 =5 4 AL 20K
44 H N Ui DaH6H 5 A 1) 240 2R K ik 3, DaTRI2 7£4))
- 1R 1 7K T 38 S 7R TAS 2R RS 2 BE B rp (1) 45 AN
A T R AR G YEAE A, R ) TAS A B
DaTRI2 1) 5 B BF 58 A A K 4 v TAs 1) AP & il
) 3L T AR A, (R B TR i A A AR R A
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