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Abstract: Aloesone synthase (ALS), as a type III polyketide synthase, plays an important role during the
biosynthesis of diverse and active polyketide basic structural frameworks. In order to explore the expression pattern
and function of RoALS2 in Rheum officinale, real-time fluorescence quantitative reverse transcription polymerase
chain reaction (RT-qPCR), prokaryotic expression, and other techniques were used to analyze the expression
pattern, in vitro protein expression, efc. of RoALS2 based on the previous transcriptome data. The overall results
showed that the total length of the RoALS2 gene was 1 176 bp in size, encoding 391 amino acids, without signal
peptides or transmembrane domains. Through evolutionary analysis and comparison, it was found that the RoALS2
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is closely related to the ALS protein of Polygonum cuspidatum and R. palmatum. The RT-qPCR results showed that
the relative expression level of RoALS?2 in the roots and rhizomes of R. officinale increased first and then decreased
with the change of growth years. The relative expression level was highest in the roots and rhizomes of two-year-
old samples. The expression patterns of RoALS2 under different hormones' treatment were also different, and the
overall trend was first upregulated, then downregulated, and then upregulated again. RoALS2 could respond to be
upregulated by MeJA and SA treatments, but down-regulated by ABA and ethephon significantly. RoALS2 was
then constructed into prokaryotic expression vectors pET-28a(+) and pGEX6p-1 respectively, and transformed into
BL21 (DE3) competent, both of which showed successfully induction of the target fusion proteins. However, the
pET-28a(+)-RoALS?2 strain could be detected of the target band in the supernatant and the soluble protein was
also obtained, whereas pGEX6P-1-RoALS2 recombinant protein existed in the form of inclusion bodies in the
precipitate. The research results lay a solid foundation for further function characterization of the gene and
elucidation of the molecular mechanisms of quality development of rhubarb from R. officinale.
Key words: Rheum officinale; aloesone synthase; gene cloning; prokaryotic expression; recombinant protein

st R PR SE R, HAVE T BOR GE RIS K.
T LA B O % 388 28 LRI 38 B 5 1) kY, v M A o)
BB R RS B AGYS T VPUR I 28 B I &5 2 F
IR P B AR R T B AR BT DL R IR AR AL
KR HE TR, T BRI A E, EE 7 H
HW TR S BRSSO B R 25
A AT A 35 1 R 70 2 B o b A S AN [] 7= A
Lk a2 I RS . R, TR ST R
PE RS (B B A2 S A L, XT3 DK B 20 i
A E LI LB RS E.

BB AR R B b 32 SR 1 B Ay, HE A Y
FIBRE AR, Hod R &2 RE R Y. 1%
&1, KA B (polyketide synthases, PKSs) & 1k
SRR AL G W& R DS B e, HRAE PKSs B 5 11 45 14,
ALK AT DRI, TAITTAY PKSs E B A7 /5 Tk
Yyeh, I8 = B A AE R ) Y. HATHEF0IA A, 711
R PKSs IMEAL T, N —BE4 Mg A S HoAh 2R AL g A K
AR VR B4 A, SR AN T K A R R BEY, SRR K
Al RE I AT B U A 2 MR S 2 PR N, T
FSC R 235 1 B AR, AR e A b i gk — 2P i Rk R
N7, 15 B R 2R 1) 2R S5

P2 A B (aloesone synthase, ALS) J& — Ff 1T
PKSs, 7E HE M K3 (Rheum palmatum) 4718 L A] {1k
13 S BEH G A F 6 43 T 15k 4 B A S8 B AR I
N G A G Y 25 B A R IR, K
B ALS 5 H Al AE ) (0 AR B A B R R T A B
60 % i) — M, BATJLF B A MFEH CoA &6 17 fiA
AR, T A e S A P R 24 K 3
RIS ALSFEDH, iX 3 AN FE PR AE AR 22 (1) R I8 & 3 i
= AH H AT HARAE I ALS B AT A X B = .

AT TR T R A A SR 2 ) 24 R e K sk

H AR, v IR15 25 K3 (R. officinale) RoALS2 %
K], HEAT ARG B R R o A, IR0 A% Rk
A AT IR LT SRAF RSN R IE T A 77, N JE B
— PR AR N Dy e S HAE KB R 2R A &1 & i 1
I3 F WL B8 5E A

MRS R

MR A R R T BRTE A IR
WHEEE, KEAW RIS HEREH &N
J7 EPL ALS2 Fr A5 B 25 H R 3R 4 KO S B
(SRP534880).

B # X I F0# 4k DHSa. BL21 (DE3)
EHA105 252 4 41 f e B _F gk AE R A BRA 75
Phanta Super-Fidelity DNA Polymerase = £ 2 B -
ChamQ SYBR qPCR Master Mix i & 8P Jekhik & &
PCR A7 &0 H ma oL v ME B R R A B BR A
A5 AHY) RNA PR 52 LA & . DNase THE FVH 467
&0 A LR ERHE AR R A 7] PrimeSeript™
II Ist Strand cDNA Synthesis Kit i # % & 7 &
DL2000 DNA Marker. pMD™ 18-T # 14 i 7] £ . T4
DNA 8 [ [E TaKaRa 2 7 ; i [7] i 48 46 F 5
i 42 B 7 £ [ 26 8 Omega Bio-Tek 24 w5 R il 14
RN YIRS B 36 2 XS EMBAR B0 A R A7
2K Fi 12 W fig (methyl jasmonate, MeJA). /K # IR (sali-
cylic acid, SA). it 7% FR (abscisic acid, ABA). Z & F
(ethephon, Eth). N — Bt 4 i A £ L5 5 AL 5 4 2 -
B-D-Ti A8 2 FL#E F (isopropyl- 5-D-thiogalactopyrano-
side, IPTG) 558 H g Jsrt A YR A R A ] pET-
28a(+) pGEX6P-1 Jy T 75 B T 2% bt 7k K v 8 - 77
pCAMBIA1305-GFP # {4 9 2 S 56 % R A7 514 ik
D& s ) TREA IR A WA R, T IR %5 e A TR



- 2628 - 242 %4} Acta Pharmaceutica Sinica 2025, 60(8): 2626-2632

YRR (Lifg) oty A PR w7 22 43 A\ 58 o

188 {A12K T100 B 5 PCR {C R Gel Doc™ XR #
% 1% % 4t (32 15 Bio-Rad /A #); StepOnePlus” Real-
Time (FEBR KM ZRBHECA R A =), 8 75 B4 ik 18 AL
(TP Z AR BB A IR 2 7]); AR FV300
(AR HARA ).

RoALS2 2 [&  $EHUZG I KT A RNA, DU #e
3K JA [ cDNA 1A MARIEAT RoALS2 2 (K93, Fr F 5
YIRS B AR AR 1, H I BC T sa b Ja EAT I .

RoALS2 BB MR K& 75 # £ F InterPro
(https://www.ebi.ac.uk/interpro) 7t £& % vk X 45 ) 45 1F
1753 M, MR AR 45 J v #f 14 , ff F CDD (https:/www.
ncbi.nlm.nih.gov/cdd) PA &2 SMART (http://smart.embl-
heidelberg. de) i FE i ¥ 56 IF . F Fil NetPhos 3.1
(https://services. healthtech. dtu. dk/services/NetPhos-3.1/)
Xof o i 2 1 22 B TR T S TR R 7 e IR T E W IR A Aoz
T ; NetNGlyc 1.0 (https://services. healthtech. dtu. dk/
services/NetNGlyc-1.0/) #E47 N-# B 40 A7 23 0 b1 15
B8 MEGA 7.0, & $E 483535 « H 24 H 1 E 1 000,
fib ¥ B BRI\ AT R Go itk A6 A 2 4 BT, FE T ChiPlot
(https://www.chiplot.online) 7F £& T H Xt & ¢ i 4k w4 it
1751k K DNASTAR (MegAlign) T Bt 47 £ 5 %)
Xt o

RoALS2 ZEEFRiE 7 il RoALS2 £ 25
KEAFERK B RIS R, 700 B .23 F42
R SEAE AR BRI ZEAE . 7RI 4 5 i
XF 25 HI K38 RoALS2 e PR 3 I B S0, B 1 e 3%
VRN AL B R, B 4 DA F R L (MeJA.
SA.ABA.Eth), i Z # % 200 pmol-L'. BLO h N7
F B, 43 5 T Ab FEE 206412 F124 h BURE, % B =A
AP EE . RICRNA, £ 505 5% X Dnase 14644 J5 2
17 RT-qPCR 6 43 47, il RoALS2-qPCR 5| #3314 H b5
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Table 1 The primer sequence used in this study
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Primer pair Forward primer sequence Reverse primer sequence
RoALS2-ORF ATGGCGAAGCTGCTGCAG TCACGGAATCGGGACACTTC
RoALS2-qPCR CGCCGAAAAGGCGATAAAAG AAGAGGGTGGCGAATTGGTA
RoALS2-1305 tctagaATGGCGAAGCTGCTGCAG 22atccCGGAATCGGGACACTTC

RoALS2-pET/pGEX
f-actin-qPCR

2gatcc ATGGCGAAGCTGCTGCAG
AGGGTCCAATGCTTTATC

gaattcCGGAATCGGGACACTTC
CAGTCTTCTCCACCACAA
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Figure 1 Electrophoresis of the amplified PCR product of RoALS2
ORF. M: DNA Marker; 1: RoALS2 amplification
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Aegle marmelos (AGE44110.1) QNS

Citrus microcarpa (BA005327.1) ACS

Ruta graveolens (CAC14058.1) ACS
Phalaenopsis hybrid (CAA56276.1) BBS
Humulus lupulus (BAB12102.1) VPS
Cannabis sativa (BAG14339.1) OLS

Gerbera hybrid (P48391.2) 2-PS

n (ABQ59603.1) HKS

Polygonum cuspidatum (ACC76752.1) ALS
Rheum palmatum (AAS87170.1) ALS
Arachis hypogaea (BAA78617.1) STS
Vitis vinifera (ABV82966.1) STS
Hydrangea macrophylla (BAA32733.1) CTAS
Hydrangea macrophylla (AAN76183.1) STCS
Rheum palmatum (AAK82824.1) BAS
Rheum palmatum (AFX68803.1) STCS
Rheum tataricum (AAP13782.1) STS
Curcuma longa (BAH85780.1) CURS
98 Curcuma longa (BAI50014.1) DCS
Huperzia serrata (ABI194386.1) ACS
2 Aloe arborescens (ABS72373.1) ALS
Aloe arborescens (AAX35541.1) PCS
ss — Aloe arborescens (AAT48709.1) OKS
Tetradium ruticarpum (BAX25480.1) AQS
Citrus microcarpa (BA005328.1) QNS
65 Sorbus aucuparia (ABB89212.1) BIS
” Hypericum androsaemum (Q8SAS8.1) BPS
87 o0 Garcinia mangostana (AEI27291.1) BPS
Rhododendron dauricum (BAV83003.1) ORS
Hypericum perforatum (ACF37207.1) OKS
Secale cereale (QHR78940.1) ARS
Arabidopsis thali (QS8LDM2.1) PKS-B

Figure 2 Phylogenetic evolution of RoALS2 and other plant

polyketide synthases (PKSs) proteins
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ik, A CK 1 6.95 fif; ABA AFE R, RoALS2 HIAHXE R IE
FAE24 h NI B 40, o 7E 24 hik B2 9 CK
f£10.000 2; Eth AT R, RoALS2 FAH R 2 15 Bt I} 7] 2%

3-R 1-RH 2-RH 3-RH

CK 2h

6h 12h 24h  CK 2h 6h 12h 24h

Figure 3 Expression patterns of RoALS2 at different stages and stress treatment. 1-R: Annual root; 2-R: Two-year-old root; 3-R: Three-

year-old root; 1-RH: Annual rhizome; 2-RH: Two-year-old rhizome; 3-RH: Three-year-old rhizome; MeJA: Methyl jasmonate; SA: Salicylic
acid; ABA: Abscisic acid; Eth: Ethephon; 2, 6, 12, 24 h: 2, 6, 12 and 24 h after treatment with different hormones, respectively; CK: 0 h

control without hormone treatment. n = 3, x + 5. Different lowercase letters above the columns represent statistically significant (P < 0.05)
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Figure 4 Subcellular mapping of RoALS2-GFP fusion protein
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Figure 5 SDS-PAGE analysis of recombinant pET-28a(+)-RoALS?2
recombinant protein. M: Marker; CK1: Empty vector strain; CK11:
No isopropyl-f-D-thiogalactopyranoside (IPTG) induction; Super-
natant: Recombinant strain induced supernatant; Precipitation:

Recombinant strain induced supernatant

SDS-PAGE # ll ¥ i AN [R1¥& B2 /¥ IPTG 249K JiE J5
pET-28a(+)-RoALS2 A HWM R IA &, 4 R W R Y
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Figure 6 SDS-PAGE analysis of pET-28a(+)-RoALS2 recombi-
nant protein. M: Marker; CK1: Empty vector strain; CK11: No
IPTG induction; 0.1-2: Different IPTG induced concentrations

i His 2 AL il & T 40108 pET-28a(+)-RoALS?2
P95 i H 4 B VR, SDS-PAGE HL ¥k 2 BT S5 7 76 U
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Figure 7 SDS-PAGE analysis of purified recombinant protein.
M: Marker; CK1: Cell lysate of empty vector strain; CK11: Cell
lysate of no IPTG induction; P: Recombinant strain cell lysate
after induced by 0.1 mmol-L" IPTG; S: Recombinant strain super-
natant after induced by 0.1 mmol-L" IPTG; FT: Purified sample
flow-through solution; W: Purified sample washing solution; E:

Purified sample eluent
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4R 3 SCE IR Mg B .
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