#j 2% 24 3) Acta Pharmaceutica Sinica 2018, 53 (10): 1743 -1752 + 1743 -

HAEZ SHREFRIBRAUBERNTZZSRIEDH

FAEL BEEL A ol FHXL ARelL T T4
£ Z!Y mEE?, TuE’

(1. Abxt A B2 R A 2 4 e b 25 BUARHE Ao b, dB3 100029; 2. AUSkPBRARE 24 ke, W5 sk 014060)

WE: ST AR S B (S-adenosylmethionine synthetase, SAMS) & A8 YA Ut i 2 o i) — AN e il
TE R A A ) 5 AR AR A il P 3G B AR AR TR R B e A @ B T 45 R 454 RACELRT-PCR
FARMNAREEGHS T E IR TR 14 SAMSKEERE, @4 AsSAMSL, JExT Hk 1T 05 BT TR
L5tk HEUERMES N R AREDMHE TSR G S RE YT, AARE AsSAMSL JE K AU EHE (ORF) K
1183 bp, %ifi% 393 MEIEMR, HEAD THRER 43.13 kDa. W5 B0k U] ASSAMSL A& H 31 SAMS
MIRFIE 51, ARG R 7R AsSSAMSL 55K E. (Glycine soja) SAMS & LA B (K RIS TE . #4528 B A%
K ik #H ik pET28a-AsSAMSL J1-7£ K AT 14 BL21 (DE3) B #kH sl K ik AsSAMSL A E 1, FIH NiZ e il il
AL 453 AT M ASSAMSL B R . SEIT U TE B PCR K45 5L 36 B ASSAMSIL JE R 7 25 th 6 ik f ey, A 2%
RRZ, ERPRIEEM. . TE. RELESBEY G515 AsSAMSL 1R IE =R H =4 SARE H iR
RIRM S, FARFEE. KR, BER. FERURERESAKREEHGHS | ASSAMSL FEHFIE. AHFFR
AP EE— 0 AT SR R R & BRI AE [ A & 45 & B R 420 173 0 e 7w (34 1 P B4 5

XBIR: AR, SIRE PRGN, WP E RS, ERRE, Ki&ath

FE %S RI31 HKFRIRED: A N E RS 0513-4870 (2018) 10-1743-10

Cloning and expression analysis of S-adenosylmethionine
synthetase gene from Aquilaria sinensis

DONG Xian-juan', FENG Ying-ying', LIU Xiao', QI Bo-wen', YAN Yaru', DING Ning',
WU Yun', GAO Bo-wen®, WANG Xiao-hui®’

(1. Modern Research Center for Traditional Chinese Medicine, School of Chinese Materia Medica, Beijing University of
Chinese Medicine, Beijing 100029, China; 2. School of Pharmacy, Baotou Medical College, Baotou 014060, China )

Abstract: S-adenosyl methionine synthetase, a key enzyme in plant metabolism, plays an essential rolein the
plant defence system. In present study, a full length cDNA sequence of AsSAMSL gene was cloned by RACE
and reverse transcription PCR from Aquilaria sinensis calli. Meanwhile, the bioinformatics, prokaryotic
expression, tissue-specific expression analysis, and expression analysis under different abiotic stresses and
hormone treatments were performed. The open reading frame (ORF) of AsSAMS1 gene was 1183 bp, encoding
a protein of 393 amino acids with a calculated molecular mass (MW) of 43.13 kDa. Bioinformatic analysis
indicated that ASSAMS1 contained 3 SAMS characteristic sequences. The phylogenetic analysis indicated that
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AsSAMSL protein had the highest level of homology with SAMS protein from Glycine soja. The recombinant
AsSAMSL protein was successfully expressed in Escherichia coli BL21 (DE3) cells using the prokaryotic
expression vector pET28a- AsSAMS1 and the recombinant AsSSAMS1 was purified by Ni?* affinity chromatog-
raphy. Expression analysis results in different tissues indicated that ASSAMSL was primarily observed in stems,
and then stem tips and leaves, following by roots. The transcript level of AsSAMSL and the content of
S-adenosylmethionine (SAM) were induced by various abiotic stresses including salt, drought, cold, and heavy
metal stress. Furthermore, AsSSAMSL expression level was enhanced upon methyl jasmonate (MeJA), salicylic
acid (SA), gibberellin (GA3), and abscisic acid (ABA) treatment. These results provided valuable insights for
further study on the role of SAMS in the mechanism of agarwood formation and plant resistance.
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Figure 1 Cloning of AsSAMSL gene from Aquilaria sinensis
cali. M: DNA marker; 1. Amplification of ASSAMSL core
sequence; 2: Amplification of AsSAMSL 3' RACE; 3: PCR product
of AsSSAMSL gene
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Figure 2 Predicted secondary structure of ASSAMSL protein
with SOPMA. a: a-helices; f: p-turn; E: Extended strand; R:
Random coil
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Figure 3 The deduced three-dimensional structure of ASSAMS1
protein
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Figure4 Multlplesequence alignment of ASSAMSL1 and SAMS from other plant species.  Black shading indicates amino acid identities,
red and blue shading indicates amino acid with different similarity. The conserved sequence of SAMS proteins are shown under the red
line. As: Aquilaria sinensis; Na: Nicotiana attenuata; Nn: Nelumbo nucifera; Eg: Eucalyptus grandis; Hb: Hevea brasiliensis; Pe:
Populus euphratica; Gr: Gossypium raimondii; Cm: Cucurbita moschata; Gs. Glycine soja; Jc: Jatropha curcas

Populus euphratica S-adenosylmethionine synthase 1 (XP 011014828.1)
Populus trichocarpa S-adenosylmethionine synthase 1-like (XP 006388227.2)
l—Jmmph{u wrcas S-adenosylmethionine synthase 1 (XP 012082977.1)
s Hevea brasiliensis S-adenosylmethionine synthase I-like (XP 021664714.1)
61-{ L Hevea brasiliensis S-adenosylmethionine synthase 1 (XP 021676160.1)
6_5J Carica papaya S-adenosylmethionine synthase (XP 021895920.1)
Ziziphus jujuba S-adenosylmethionine synthase 2 (XP 015872873.1)
Morus notabilis S-adenosylmethionine synthase 2 (XP 010091412.1)
Olea enropaca var. sylvesiris S'-adencsyImethioniue synthase 5 (XP 022870471.1)

fii S-adenosylmethionine synthase 2 (XP 012475021,1)

66, g3l

Gassypium

1
60 Herrania umbratica S-adenosylmethionine synthase 1 (XP 021280400.1)
Corchorus capsularis S-adenosylmethionine synthase (OMO64092.1)
48— Dwirio zibethinus S-adenosylmethionine synthase 1 (XP 022770752.1)

- — Juglans regia S-adenosylmethionine synthase 1 (XP 018832890.1)
i — Pyrus x breischneideri S-ad Imethionine synthase 1 (XP 009363082.1
o1 i adenosy ynthase 1 (2 363082.1)

40

———————————— Prunus avium S-adenosylmethionine synthase 1 (XP 021812750.1)
2y Cucurbita moschata S-adenosylmethionine synthase 1 (XP 022954167.1)
Parasponia andersonii S-adenosylmethionine synthase (PON43214.1)
Momordica charantia S-adenosylmethionine synthase 1-like (XP 022159071.1)
Cuctmismelo S-adenosylmethionine synthase 2 (XP 016900429.1)
45 [ - Cucnirbita moschata S-adenosylmethionine synthase 2 (XP 022949271.1)
Macleaya cordata S-adenosylmethionine synthase (OVA13537.1)
—Nl—wl—— Macleava cordata S-adenosylmethionine synthase (OVA16671.1)
58 | Fragaria x ananassa S-adenosyl-L-methionine synthase (AFI38954.1)
Netumbo nucifera S-adenosylmethionine synthase 5 (XP 010270953.1)
| Onerens suber S-adenosylmethionine synthase 1 (XP 023914387.1)
59 Retula | ifera S-adenosylmethionine synthase 2 (AGV22115.1)
aydfandroanthus impeuigi S-adenosylmethionine synthase (PIN19464.1)
Hanlr hus impeti S-adenosylmethionine synthase (PIM98202.1)
Sonneratia alba S-adenosylmethionine synthase (AGI71754.1)
£5 ,7.’:'mwﬂpnm grandis S-adenosylmethionine synthase 2 (XP 010024863.1)
: Nicotiana attenuata S-adenosylmethionine synthase 1 (XP 019254761.1)
Hevea brasiliensis S-adenosylmethionine synthase 1 (XP 021653367.1)
41— Ricinus ¢ S-adenosylmethionine synthase 1 (XP 002512570.1)
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| Aquilaria sinensis S-adenosylmethionine synthase 1
ST Glyeine soja S-adenosylmethionine synthase 1 (KHN14160.1)

e
0.005

Figure5 Phylogenetic analysis of SAMS proteins from plants
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Figure6 SDS-PAGE andysis of recombinant ASSAMSL protein.
M: Marker; 1: Uninduced E.coli containing pET28a-AsSAMSI,
2: Soluble protein from induced E.coli containing pET28a
AsSSAMS1; 3: Insoluble fraction from the induced E.coli
containing pET28a-AsSAMSL; 4: The purified recombinant
ASSAMSI protein
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Figure 7 Relative expression level of AsSAMSL gene in different
tissues. Note: Repeat 3 samples, each for 3 times
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Figure 8 Reative expression level of ASSAMSL gene under different abiotic stress and different hormone treatmentsin Aquilaria sinensis
calli. A: Relative expression level of AsSAMSL gene under different abiotic stress; B: Relative expression level of AsSAMSL gene under

different hormone treatments.
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Figure9 Content of SAM under different abiotic stressin Aquilaria sinensis calli.

MeJA: Methyl jasmonate; SA: Salicylic acid; GA3: Gibberellin; ABA: Abscisic acid. Note: Repeat 3
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cold temperature at 48 h
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RF=0.999 71. JLuk, KA [ i 4 ¥ N AsSAMSL
B RIEE RSN SAM R R, LI LR
i Xt ASSAMSL % [H SRk R i K, JF7E 24 hik
Firm, SAM R EERMIEEF 24 h R, 54
J& CdCl /iy F % AsSSAMSL 3 [X 6 ik B i e /s, 1
SAM MR B, WS4 T 2 hE
AURIEMHE T S 7741 SAM R E /DT NaCl 55
THARE, HET CACLIES PR RE, XuksL
6 4 R WIE R A il N AsSAMSL 3 K % ik & E T,
SAM I BB ETF, SAM IR B BRI
ASSAMSL J [F 32 ik & b i 34— 2.

g

SR H AR IR A R S SR R A Y
BRI R, & 2% 2 IS A R w iR R,
FEAR N 3 B L AN N R PE o T 4F
KA TR SAMS 1B SRR H R 2R & ik
fiE, FLAEYS 2 5 AP R R,

SAMS I FIE AR R 1) G B, 7
AL MR PRERY h CA T, [FR SAMS
U5 2R SmE, S TFEYNEKEFRE
EEEHPE2, BRI A+ AsSAMS TR
J A% 20 J AE AN ) E A 40 e 2 R R b 3R 1R IR
ST, AR TRE T ASSAMS 3[R 44 4h A BRI g A A
VB R B IVE L, ik — B ST ASSAMS 2[RI 7E
IR B 25 4 1 A% v A FH 29 58 R At . H AT 22 Fhe 4
7y B3] SAMS X, A7 H A RACE. RT-PCR
RERIEARFEHHL T wEFE] 1 % AsSAMSL
B A K, FERT BT AEE B 0N, Z4Eg T
M4k FF W AT h ASSAMSL 5 A 2K SAMS ) =4k
ZERIRALL, ZE T80T, KIL AsSSAMSL 5 A4
FEA R FEEME, &6 34 SAMS FIRHEF 1,
RENWT L B L] ASSAMSL 55 K& (Glycine soja)
SAMS & I FAR AU 52 1 o ASHIF 20 1 IR AE K AT 3
Rk T AKREN AsSSAMSL EH, & B EEAK
ST A AR T o ASSAM S 2R [ 1 A= W5 S g A A 4k
W7t ASSAMSL & H A& T e . A FLiE 1
@ FE LR pET28a-AsSAMSL 7£ BL21 (DE3)
EHk i S RIE T AAE ASSAMSL &, i HEH
B ASSAMSL 7ERIA R H AE 8 DA T VA 1 25 FLA77E,
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BE— W 7T ASSAMSL 1 3y RE B9 52 FE A
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R A 5 S B, v B % (A e P e s
) MESAMSL R HARIR 15 5, % ik DR R R 300,
i F3A MFSAMSL 356 [ 43 58 4 32 [N A 0 (O 4774 g /718
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SR ECHE ARG, AR AR, Hh KR, T
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a5 15 52592 ik SAMSL A1 SAMS3 R 5 4 5
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T 7B N FL R AR S N K o SRR 8 S TR H R AN
IKBHR 35 AT LA T U0 7= A SRR AE P R 2 — £ 2= 15 2
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