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Abstract: Tropane alkaloids are anticholinergic drugs widely used clinically. Biosynthesis of tropane
alkaloids in planta involves a step of transamination of phenylalanine. Based on the sequenced transcriptomes
of lateral roots and leaves of Hyoscyamus niger, we found three annotated aromatic amino acid aminotransferases,
which were respectively named HnArAT1, HnArAT2 and HnArAT3. Sequence analysis showed that HnArAT3
had highest similarity with the reported Atropa belladonna AbArAT4, which was involved in tropane alkaloid
(TA) to provide the precursor of the phenyllactic acid moiety. Tissue expression pattern analysis indicated that

HnArAT3 was specifically expressed in lateral roots, where is the organ synthesizing tropane alkaloids. Then,
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method of virus induced gene silencing (VIGS) was used to characterize the function of HnArAT3 in H. niger.

Gene expression analysis given by real-time quantitative PCR showed that all the transgenic lines had lower

expression levels of HnArAT3 than the non-transgenic control, and HPLC analysis of alkaloids demonstrated

significant decrease in the contents of hyoscyamine, anisodamine and scopolamine in planta.

These results

suggested that HnArAT3 was involved in the phenyllactic acid branch of TA biosynthetic pathway. Molecular

cloning and functional identification of HnArAT3 laid the foundation for further understanding of TA biosynthesis

and metabolic regulation, and also provided a new candidate gene for engineering biosynthetic pathway of

tropane alkaloids.
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The biosynthetic pathway of TAs in Solanaceae plants.
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M. MERRMEEAR 3 fho7 & RERR LR,
2014 45, Bedewitz 5"V I 43 7 A 7% 2 4 %
AHHE R, R 0 3 5 3 I IO BR R (virus-
induced gene silencing, VIGS), o EE TS5 TAs
W6 UK AbArAT4 FEIR, 2B 45 1 8 1 RE AR
SRR IR AR, I SN AR A P R PR
Al 7E At TAs BE 5 A ks R L 12 3 P B 4l

AR S = O 58 ORI 5 AR AN B 20 A e o
HIMFr, WX A BIE >, kS 3 K hRelE
e ArAT R . TEATE FE R LR FH A 015 B4
B RIEWE S ETTEMEARM TR RS S
TAs BV & B ArAT K 3530 et AT Dhge da e,
E— B E ] TAs AY)E O R AU TRERT 5T
BT B o

MR5RE*E

MR RALTFR PR =R R RESE, K
A7 SEAE T ARSI IR . RAF T BRI R, B9
R OAWEA . PINDSTRUP B+, BEE (HL#lN
6:3:1); MW N 16h; HEHN 24 C. FMEKKE
5~6 JEK, HHL 2 FsEsa B Ent, RImfFFE VIGS
RIS

RNA HJ1Z2ES cDNA BIE&RK HUE & RIITHE
PR FIAR A0 7E W R P S, 4% RNA simple Total
RNA Kit 3B B2 HUS RNA, H KA RNA )58 4
4, [ {# F Nanodrop 2000 Wl 5€ A,e0/Aago K LLAE 2
BT RNA BIRFEERIAENE, JF % cDNA, H T2
T

RIFERBYIE S R A LL %00 858
F I RAL TR R 2 i 2H 2 B S 200 P 2
(RKF), FIH BioEdit #FiE T At BLAST 44T,
% HnArATs 1) UniGene #4754 7087, IR %t
HnArATs K B8 7 838 AT 04

EWERZESM I Vector NTI Suite8.0 # 1
BEATFE A EEXS 20 . ORF 2T $R B A% 15 2 1 8 %
RAIEMF I L EELN; H MEGA4.1 KR,
FIRECH 1000 K.

HnArAT3 EREBBXAY L WY EST 741,
Wit 1 a5 5149 HnArAT3-F: 5-CCGGGATCCCA
CTACTTCCATATTCTCTCA-3'fil HnArAT3-R: 5-CC
GGAGCTCCTTGCATTTTCATGCTCGTC-3', LA KAl
TR cDNA AR EEAT 735 B B HE 1) 7 514 5

EREFIEEWM fFH iScript™ c¢DNA Synthesis

Kit 30 05 KAl AR A1) RNA BE47 [ e 3, 15931
] cDNA iR % % 5E B PCR K MR, LL 18S rRNA
YERNN SIS RN EEE. FTASIMILE 1.

Table 1 Primers designed for real-time PCR detection

Primer name Primer sequence (5'—3")

FqHnArAT3 5-CCTCTGCTTTCTCTATTTTGCATTG-3'
RqHnArAT3 S-TTTGTTTCATGATCATTCCCTTTCT-3'
FqPMT 5'-CTACCTAGCAGCAGGATTCG-3'

RqPMT 5'-GGTCAGAAGAGTCCACAATAATG-3'

FqTRI 5'-AGGACAACATTCGGGTCAATTCAG-3'

RqTRI 5'-AGCAGCAGGGAAGCAAAGAAAG-3'
FqH6H 5'-GCCCAGACCCAAGTTCAAC-3'
RqH6H 5'-CAGCAATCCAGGTAGCATCC-3'

REFSHOERETBR  AB T VIGS 2
Li P51k, sk, RIE EST 41, &itsl4
HnArAT3TRV-F: 5-CCGCTCGAGGGAGCAATGTTT
CTCATGGT-3'#l HnArAT3TRV-R: 5'-CCG GAATTCC
TTGCATTTTCATGCTCGTC-3', 7wl HnArAT3 A
A mABAEX 237 bp K 3'AEGRALIX [ 152 bp $5 57 A
B, B A B HBEERED pIRV2 Hik, 4N
pTRV2-HnArAT3, 4l Fpie ik 5 F T 5 225 . K
pTRV1. pTRV2. pTRV2-HnPDS Fl pTRV2-HnArAT3
Oy WAL R AT E GV3101, 48 h J5 B BT 1 mL
YEP £353£+50 mg-L™' FI4EF (rifampicin, Rif) +50
mg' L' FHEZE (kanamycin, Kan) +10 mg-L ' fif&
JKRKFEZ (gentamycin sulfate, Gen) 28 Cit & iEft,
PCR Ry IAHS TAE . K 1 mL BVEERE] 10 mL
(Kan+Rif+Gen) YEP ¥ f& 55973 7, 28 “C.200 r-min”'
WG R IR, K H A TSR R = E 4 500 r-min' &
£ 10 min, 3F_E3E, FZEMH[10 mmol-L™' MgCl,. 10
mmol-L™" 2-(N-" k) 2 it fR— /K & 4%+ 20 pmol-L™
AS(ZTE T ) H B AR R Ago=1.0, FiRF#IE 3~
5h, FESHTE pTRVL 4 5115 Bt pTRV2 H 240 E 441
RFFETE 101 RA, FRE Sk B0vEG 28 Lo Fr
(S TH RS, 8 B R e T A A R R AR A
JUAE 22 CHER;FE 48 h 5 IE W K598, 15 K5 U= 4t
PRI R AT i R 0k &0 7 45 K5 BUR Yetd vk gt 47
AR5 BT

SIS HPLC &M RALT R AE YR
B H R A W 2 R A e 06 s e R g kU0 L e
B Ll R R AR B S B bR YW - Sigma A F],
HPLC A A% A 3 i 250 A (32: LC-20AD,
FEURAE: CTO-20A, HZhBEFESS: STL-20A, il #s:



F K& RS SRR & K ArAT 35K ) 50 B X D RE % € <175 ¢
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Figure 2 Digital expression patterns of HnArATs in lateral roots
and leaf
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Figure 3 Phylogenetic analysis of plant ArATs by neighbor-
joining method on MEGA 4.1. GenBank accession numbers are
as follows: Sopen-ArAT1: Solanum pennellii, aromatic amino acid
aminotransferase, ADZ24702; Solyc-ArAT1: Solanum lycopersi-
cum, tyrosine aminotransferase, Solyc10g007110; Sotub-ArAT1:
Solanum tuberosum, tyrosine aminotransferase, Sotub10g008150;
Ab-ArAT1: Atropa belladonna, aromatic amino acid aminotrans-
ferase, KC954703; Ph-PPY-AT: Petunia hybrida, phenylpyruvate
aminotransferase, AHA62827; Sm-ArAT: Salvia miltiorrhiza,
tyrosine aminotransferase, ABC60050; Ss-ArAT: Solenostemon
scutellarioides, tyrosine aminotransferase, CAD30341; Pf-ArAT:
Perilla  frutescens, tyrosine aminotransferase, ADO17550;
Ab-ArAT4: Atropa belladonna, aromatic amino acid aminotrans-
ferase, KC954706; Hn-ArAT3: Hyoscyamus niger, aromatic amino
acid aminotransferase, KX058486; Solyc-ArAT4: Solanum
lycopersicum, Solyc12g096240;
Sotub-ArAT4: Solanum tuberosum, tyrosine aminotransferase,
Sotub12g028590; Ab-ArATS5:
amino acid aminotransferase, KC954707; Solyc-ArATS5: Solanum
Solyc12g088000;

Sotub-ArATS: Solanum tuberosum, tyrosine aminotransferase,

Sotub12g026080; At5G53970: Arabidopsis thaliana, tyrosine
aminotransferase, AT5G53970; At5G36150: Arabidopsis thaliana,
tyrosine aminotransferase, AT5G36150; Ps-Tyr-AT: P apaver
somniferum, tyrosine aminotransferase, GU370929. Hn-ArAT1:

tyrosine aminotransferase,

Atropa belladonna, aromatic

lycopersicum,  tyrosine aminotransferase,

Hyoscyamus niger, tyrosine aminotransferase; Hn-ArAT2:
Hyoscyamus niger, tyrosine aminotransferase
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Figure 4 Cloning of the coding sequence of HnArAT3
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Figure 5  Multiple alignments of plant ArATs.
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The identical amino acids were showed in white with black background and the

conserved amino acids were showed in black with gray background, the catalytic lysine is shown in red and conserved residues required

for binding of the pyridoxal 5'-phosphate cofactor are shown in gold
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Figure 7 Expression of HnArAT3 in the root of inoculation by
qPCR analysis.
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Figure 6 Expression profiles of HnArAT3, PMT, TRI, H6H in different tissues
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Figure 8 The contents of tropane alkaloids in the plants of silenced HnArAT3.
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AbArAT4 R[5 . AW F & T1Z 5%, WRALT#%
SE B R RE T 3 %% HndrAT BN, 7 RIE
WMt RILRAE HndrAT3 76700 o s S0k i 0%
S5RALFh PMT. TRI A1 H6H F& A 4R Kkt —
B, gl Bk o it e 2 R FE R T A L6, HnA-
rAT3 5 AbArAT4 )7 51 R YR 1 B sr, 1820 90.1%; 5%
GRAWRI, NERFEER; WH DS RT
05 2 R v VAT s R G 25 5 I pt o X e LRI T
W AIEHE % 9] HnArAT3 Al 625 7 RAL T 3E i
Ft 25 A MR ) 45 Ko

VIGS & —F) 32 B (R 78387 35 K T g 4 s 1
WEERAR, B EEE . PR A R
M ZBAR L C R %€ CYPSOFT Fl ArAT4 X
PG BOR AR, E— 0 588 T N e I A M e
VG RGERE . RO BT, a5 2
FARAKWINERESE (Hyoscyamus muticus) FELHG
ST T VIGS R AP AHE TR % R SR T
1%, UL PDS Jobr S SR RAL T 53] 7%
EAEPER, EARED 100% Bk ER), £UHER
- XHZ R G AR BUR, R TZRSH VIGS 11
KA A 2SR M8 T VIGS JiER#EA pTRV2-
HnArAT3, #47 Rl 7RGk, ¥ 2% E T
HnArAT3 7ERALTAA N IR . SERF 2k E & PCR

Kl 2] HnArAT3 B:RMRIEE T T 70%~80%;
HPLC TR RCR, A0S & PR 50%~100%
X 25 BB E ] HndrAT3 2 RANFHE S 28
AR B ) R LR SRR IR AR TN

L) PPl AR AE 2 2% 05 B IR I IR S L FE 1,
AR AR IR T AR BE 2 IR (R 1E
NEIEMAE, EELL a-Bi % RIENEIEZAK, 4k
AH L () B 8 R0 4 = RR, (DB AT 50 B 1) 2 5 4 i e 2R
VIR A BRI AbATAT4 #1J1°F- L LL 4-HPP &%
A, A0S LR N R N FE A, % AR BOAH I 1) T
SRR R R DA A TR, T R AT A R A S o e 2K A A )
A BT o 55030 73 il BB 2 20 R T HR R IR A 0 7
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H1 4-HPP . 75 75 I 58 5= IR S ik 17 g e A v 108 19 Je
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TR R R RS T SRR 250 fi . X Sk gE IR L,
AbATAT4 2 Hi Al R 12 5 R AR HE i e 2%
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ARG R R R MM FIRE RSP R
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FHIEE A R — B AL .

AT FE N FRALF 45 5 B T b e 2K AR AR
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i Jo 28 AR W BT AR P R RT AR I 4 B T 2 A,
AT A 5 e S8 AR WA U AR ST AR AL TR
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