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i E: BE WIRELRNE Cistanche tubulosa 1t BB B4 (chalcone synthase) CtCHS £ FHIZIRER CtCHS FHEHITE
H. 4. K3 MEEfehrRiEA. 5%  FIH RT-PCR wfE CrCHS ZEF IFRATEYME 82204 # pET-28a-CtCHS ki
BRI RS IPTG B REHRIE. ¥ CiICHS HAEA LK 4-F OB A, W B4R A %5 3R H HPLC 1 MS
U749 o ¥ pCAMBIA1300-35S-GFP-CtCHS J5 fv % N AU RG 7 St A J5 44 WL 5% CtCHSS 25 1 W48 58 £ « FI F qRT-PCR 450l CtCHS
FLIRTE 3 PSRN L H RIEEN . R w1 4% CrCHS £ F, JFBURIEHE (open reading frame, ORF) KJEHN
1173 bp, Zmfidh 390 MR, HEAHN 2 FRER 42 800, HA AT &R HM#ILIRE Cysl64. His303. Asn336. |
KIGHTBEFMERIE CtCHS A A RFEHE . CICHS HHREM AN 4-FEBEE A STH BN A BB REH
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Abstract: Objective To study the function of chalcone synthase from Guanhuaroucongrong (Cistanche tubulosa) and the
expression pattern of C+tCHS gene in white, red and purple flowers. Methods The CtCHS gene was cloned by RT-PCR and
bioinformatics analysis was carried out. The pET-28a-CtCHS plasmid was transferred into the Escherichia coli to induce protein
expression by IPTG. The CtCHS recombinant protein was incubated with the substrates p-coumaroyl CoA and malonyl CoA,
and the products were detected by HPLC and MS. The pCAMBIA1300-35S-GFP-CtCHS plasmid was transferred into the
protoplast of Arabidopsis thaliana to observe the subcellular localization of the CtCHS protein. The expression pattern of CtCHS
gene in the flowers of C. tubulosa with three colors was detected by qRT-PCR. Results A CtCHS gene was cloned. The length
of the open reading frame (ORF) was 1173 bp, encoding 390 amino acids, and the molecular weight of the protein was 42 8000.
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CtCHS contained the catalytic residues Cys164, His303, Asn336, which were conserved in chalcone synthase. The CtCHS

protein was expressed in E. coli and purified to obtain the recombinant protein. CtCHS protein could catalyze p-coumaroyl CoA

and malonyl CoA to produce naringenin chalcone. CtCHS protein was mainly localized in the cytoplasm. CtCHS gene was

highly expressed in purple and red flowers, and the relative expression levels were 8.44 and 3.21 times higher than that in white

flowers, respectively. Conclusion A CtCHS gene was cloned from the flower of C. tubulosa and protein was expressed. CtCHS

protein has chalcone synthase function, and the expression of CtCHS gene is higher in darker flowers, indicating that CtCHS

gene may regulate the flower color of C. tubulosa, which lays a foundation for further research on the regulation mechanism of

the flower color of C. tubulosa.

Key words: Cistanche tubulosa (Schenk) Wight; chalcone synthase; enzyme activity analysis; subcellular localization; expression
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EIERME Cistanche tubulosa (Schenk) Wight
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1.2 {42

Nanodrop 2000C 43t %% 1t (Thermo Fisher 28
A, FED; BAE PCR{X (Eppendorf AR, f#[E );
CFX 96 %6 & PCR . UVP EEIREGA. B
HLYKAY . B I HLUKAX (BioRad 2], 3£ E)D; EnSpire
BFRA (PerkinElmer A 7], F£ED; fHEEEFHRFE (L
R TR WS EIRAR); DHZ-D HARFEESR
PR CREHRE®A] D: THZ-82A B/KiHE
Rz & QLR AR A R); AIRTECH #
HTAEG RN ZRTBAEARBRATD; mEER
KEH (TOMY ~dl, HA); Milli Q 4K
( Millipore , 3% [E ); LC-20A 7= &% A €2 3% X
(Shimadzu A ®], HA); UPLC-Q-Exactive-Orbitrap
B (Thermo Fisher A%, 3£[E); FV1200
WOLHREL RS (Olympus A 5], HA),
2 LWHE
2.1 RNA ZEl5S cDNA &5%

BT HRIC L A B @i RNA $2HUR
7 & (Norgen, Cat 17200) #EHUA RNA, i#id
NanoDrop 2000C A&l RNA & & FlJii &, $hik
Are0/Anso LLAATE 1.8~2.1 [) RNA Fffh FH T #6555

J cDNA . 5 F§ M-MLV ¥ #% 3% f§ (Promega, M170B)
YR G 45 (15 RNA 55558 cDNA, SESG#EAEYY)
P IR UL B AT .
2.2 CtCHS EFAIIE

R AR DR 1) 55 A PRI A2 A 2 S 2H i af 1)
e 1 2B A IR CCHS, FIH
SnapGene ¥ {4 525 8 7 5 v voH 4 7R 51 9 (R
Do LUETERMEEIE cDNA AT PCR 3
14, 44K Z & 2 X Phanta Max Buffer 25 uL, dNTP
Mix (10 mmol/L) 1 uL, £ Ri#SI4 (10 pmol/L)
% 2uL, cDNA2 uL, Phanta Max Super- Fidelity
DNA Polymerase 1 pL, ddH2O 17 pL. 2644
HN: 95 CHIAEME 3 min; 95 CAEME 155, 55 C
Bk 15s, 72 CZEA#H 1 min, 25 MEIF; 72 T
B FEfH S min. PCR FEHIZE 1%55 i B8 e Jis v vk A
W, FIAH DNA 4ifbilf) & (E4E%E, CatDC301-
01> HEATH I, @ i P s B B (U 4
e, Cat C601-01) ¥ DNA KBS pCE2
TA/Blunt-Zero # &%z, # AL K H % DHSa &%
ZAYNL, 37 Cid R F7 5 Pk 5 v B B Ak K1) 2k
Je /AT 5 28

&1 514955

Table 1 Primer sequences

51 EH EIE/ERS 51YF5 (5°—3")

A ZlEimt CtCHS-F1 ATGATGACCGTCGAGGAGATTC
CtCHS-R1 TTAGTTGATCGGCACACTATGCA
CtCHS-F2 CAGCAAATGGGGTCGCGGATCCATGATGACCGTCGAGGAGATTC
CtCHS-R2 GTGGTGGTGGTGGTGCTCGAGTTAGTTGATCGGCACACTATGCA
CtCHS-F3 CACGGGGGACGAGCTCGGTACCATGATGACCGTCGAGGAG
CtCHS-R3 CCATGTCGACTCTAGAGGATCCGTTGATCGGCACACTATG

gRT-PCR CtCHS-F4 GGAGATTCGTAGGGCTCAAC
CtCHS-R4 CAGGATTTCTTCAGTTAGGTG
CtF-box-F CGTTTCTGTCTCTCCGTGAG
CtF-box-R CCCTGTTATCCTTCCAATGC

2.3 EYMERESH

JBIL ProtParam 152k # A4 70 H 2R A ERAL PR R 5
FIH Prot Scale TE£k T H /3B 5 A /K M /B K 4 5
IZHELE T H SOPMA T & (1 2 4hk; FIFTE
R Wit SWISS-MODEL Tl & (4 = 2k 4544 ; %
FELLH M TMHMM  F50 & (BSR4 s 12
DNAMAN #E#% CtCHS 5HAb# R CHS &2
FF B HEAT R LEST s R MEGA-X A& R 48
AR, K4 FEE (neighbor-joining, NI, it
VAR IEVE T LIRS, Bootstrap H & AN
1000 X o

2.4 CtCHS R#FTIES4

W5 CrCHS 751t A YA A BamH 1. Xho
IF1514, PCR ¥ B4AHR H Bt FIH A VIR BamH
I. Xho 1Y) pET-28a #fAFH KB, 1L 5 min
Universal Ligation Mix (IFZE#E, CatC311-01) iEH#H
W Bt 5#HE, A KIHTE DHSo 248400,k
e BT B AR WP IE RS BEBUT R . D6
iEJ5 1) pET-28a-CtCHS Jii #i % N K #F B BL21
(DE3) Ezddifrt, 2% T 50k UR A
Fe-B-D-FRACE IR PTG IR S A&k il
I NiZ A (Cytiva, Cat 17531901) 4L A,
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2N (Millipore, 30000) 2504 5 A FF i 6 /5
{*47T 20 mmol/L KPB Z&rfif (pH 8.0, ¥ 1 mmol/L
EDTA) 1, BET-80 CUKHKIIRAEH.
2.5 CtCHS Bg/EM D1

CtCHS [iff s MAK % : 100 mmol/L KPB (pH 7.5)
468 uL. 1 mmol/L N P4l A 10 uL. 5 mmol/L
4-F GRS A 2 uL, CtCHS EAHEMA 20 pL, T
37 C/KM 12 h J5 800 uL BERR . BEAEHY 3 7K,
BARKTJEET 100 L R, A ROR A i
A4, %6444 Ultimate LP-Cis ¥ (250 mm X
4.6mm, 5pum), HIH30 'C, FFEEN 1OUL, LA
K (A FZHE (B VBN, PelbithiE: 0~10
min, 30% B; 10~20 min, 30%~60% B; 20~25
min, 60%~70% B; 25~30min, 70%~80% B; 30~
35 min, 80%~100% B; 35~40min, 100% B; 40~
46 min, 100%~30% B. AR E N 1 mL/min, 7F
290 nm ALK .

F| } UPLC-Q-Exactive-Orbitrap MS i — 0 &
M, WA %A Waters Acquity UPLC BEH Sheild
RPis 3% 4E (100 mm X3.0 mm, 1.7 pm), #:iE
40 C, ARz 2 A B AR B = R R 4
uL, BEMF=YEREEAN Tul, LK (A) -Zf
(B) fEAMBIAE, BelithifE: 0~5min, 30% B;
5~15 min, 30%~60% B; 15~20 min, 60%~100%
B; 20~25 min, 100% B; 25~31 min, 100%~
30% B. AR E N 0.3 mL/min. Jif 1% 4% 14 Ay HL %
FETUE, DRAONEA, BT 3.5MPa, 4l
BiSE 77 1.0 MPa, Wi% %77 3500 V, E4E R
F% 350 C, fEHAUMAERE 200 C, IEfE T
X, PR 7V m/z 8 100~1500, Full MS %>
AN 35 000, dd-MS? 43#EE N 17 500, (N)
CE/stepped nce % & N 35, 60,
2.6 CtCHS ERI4HAELL

HRYE CtCHS J75) Je To5% v I SR B 117 A g
VISL 55 Kpn 1. BamH 1HI15%), PCR ¥ 4R H 1)
FrBe MR BR &I N VI EE Kpn 1. BamH 11§ 1)
pCAMBIA1300-35S-GFP Jii ki, i8id 644 v b il
& G4, CatCl15-01) EHH WA B #0k,
N KT B DHSo B2 AN, Plids 5 5o 2 B
W, D TERA B B AR SREUBTRL . R PEG4000 ¢
pCAMBIA1300-35S-GFP-CtCHS. pCAMBIA 1300-
35S-GFP RG340 me I IR AR A, 9500 R RE
77 8~10 h, fEWHOGHLIEREE RS T W% CtCHS &

1 1 S 400 B 5 A
2.7 CtCHS FTIERENX 5

R¥E CrCHS 3R DNAMAN #it-5Ei) 5%
Y &GV, LA F-box ANSEE, 51975 ILEK
1, 82Ok E B PCR KR B S & 18 A
IREAEHH CtCHS MHXTRIAE . FA TransStart
Green qPCR SuperMix (434, AQ101-02) LA SYBR
Green WG YeRNEN E, RMNAKEZR: 2 X TransStart
Green qPCR SuperMix 5 uL, . F#H514 (10
pmol/L) % 0.2 puL, cDNA #it) 0.5 L, TIEHR
g7k 4.1 pL, RAMSEIAT B, RNFET %
HARIRFISIW L S 3 N EM T EE,
HE 3 RS, SLEHIEIET Excel #4740 8T, DA
2788C L CrCHS MX Rk &, FIF GraphPad
Prism 8 #HT & E MM 2 HI IR .
3 ZER59H
3.1 CtCHS EFERTE

PR ETE B e B Rt 4 257 R
A “chalcone synthase” [#)J7%1], it NCBI (1] Blast
LEXH RN — %P5 R CHS BERM2KH
FPKM KT 10, AR4EZFH iR w514, LU
TEPIZEAE ¢cDNA AR, PCR #I515312 1200
bp FE (B 1), ¥ PCR F=#ikRIUL, 5 pCE2
TA/Blunt-Zero HAM &Rz, W 745 R 55 H i
75, KiZEE a4 N CtCHS, JRHIKEN 1173 bp,
it 390 MR -
3.2 CtCHS WEMEERZENH
3.2.1 CtCHS HALVE 595 Bt R AR

2R A ProtParam 43 #T CtCHS #E K 9wt & = ) 3
VERG, CtCHS mtd 390 MR IERR, 7 TN
M 1

2000 bp

1500 bp

1000 bp
750 bp——

500 bp
250 bp—

100 bp

M-Marker 1-CtCHS
1 CtCHS £EH PCR 15
Fig.1 PCR amplification of CtCHS gene



¢EH 2023F 128 $54% B 238  Chinese Traditional and Herbal Drugs 2023 December Vol. 54 No. 23

= 7801

Ci908H3041N5110562822, AHXT 43T i &84 42 836.54,

FIRSEH AN 5.85, MR 4324 BT A
FREEA, BFHREKE (GRAVY) H-0.052, J&
FoeKMEEA. #H—PIiEH Prot Scale 7E£8 T H4)
MTEE SRR /B K, T4 SR s CtCHS & A
KM/ K M i KAE N 2.422 (342), fe/MEN
—2.489 (119). CtCHS R 4ty 1t 5 28 BRIk e Hh o
IR IR R I R 2 T HK PR R IR RS, BT
FKMEE A RAEL A TMHMM 0 & (1455

o R E
A

JREER, CtCHS & oI g M3 .

322 CtCHS HEH 455 =gasmmnn iz
FATELR T H SOPMA TR 1 — 4 2hh, 45 F i 2-
A FIT7R, 44.87%M o-82E . 31.03%FIFEH L 1+ 15.64%
RIIEAHEERT 8.46% (1) B-HrB2H Mk | CtCHS HEHK—
RN R FHTELR S Hr K4 SWISS-MODEL Tl 2 1
ZhsE, DIKRS CHSI (S iARSE R AR, il
CtCHS B H =4k, S5RE 2-B Frx, BRI
#% CtCHS 57KA% CHS1 —#t A 83.55%.
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..... NASIEEN

I
[ope Ll L L T}

o [ ]t ] o]

— PcCHS (JQ654448.1)
— RpCHS (Ig'> 205353.1)
— ———VVCHS (EF192464.1)
] 897.1)

D

754,
AY496031.1)
7381111)
— e et
1 1! ..

— L CiGH3 (MK690796.1)

—] PICHS (BAA19548.1)
T PfCHS (00411L1)
PICHS (GF003759.1)
= SaChis (GERISED1)
L AMCHS (P06515.1
L MOCHS (CAJ4127.1)
MpCHS (AANOS791.1)
¢

—C
EiCHS (AHJB80976.1)
[ SICHS (XP01109142.1)
DhCHS (KXV3405.1)

A-CtCHS A REEMTN  oa-o-lRiE pB-ITE E-EfPEE R-IEHNMAGM B-CtCHS HA=HLMTM  C-CtCHS 5 HARM Y& LT

FIHS, BO=MERoRR RS D-CtCHS REEH LR

A-predicted secondary structure of CtCHS protein a-a-helix p-B-turn E-extended strand R-random coil B-deduced three-dimensional structure of

CtCHS protein C-multiple sequence alignment of CtCHS and CHS from other plants. The residues that compose the active site are indicated with black

triangles D-phylogenetic analysis of CtCHS

El 2 CtCHS £MERFESH
Fig. 2 Bioinformatic analysis of CtCHS

323 JFAItEx R ARG HAAW T 1B H
DNAMAN #/F# CtCHS 5 At CHS &I
FRA AT R L, &5 a0 3-C Bros, CtCHS
AERRFINE Z K
(XP_011091402.1). & Antirrhinum majus L.
(P06515.1) 1# R Mazus pumilus (N. L. Burman)

Sesamum indicum L.

Steenis (AANO05791.1). IR Erythranthe lewisii
G. L. Nesom & N. S. Fraga (AHJ80976.1). 75
Perilla frutescens (L.) Britton (004111.1). R+
Arabidopsis thaliana (L.) Heynh. (NP_196897.1)
CHS (12 F: 1 /7 41 & JE AR BL . AH AL B2 A I
90.93%-90.68%+90.18%-+89.42%.89.42%.81.61%.
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sk, ZFHIXER B CtCHS HA MR L%
% Cys164. His303. Asn336. Nit—H T iREEA
WA CtCHS fEfEY) CHS Fikr st ehiE, ¥
CtCHS 5 HAt 41 CHS & A A MEGA-X %
R R gt , 25 R 3-D FoR, EAERK
# CtCHS S54RI E. lewisii (CAHI80976.1) EICHS
G R AR
3.3 CtCHS E#FES541

¥4 pET-28a-CtCHS JURLEE N K AT 1 2 18 B Ik
BL21 (DE3), @il IPTG K FFEARIE. FIH
BE R A A E D, difk B A2 10% SDS-
PAGE 0, &55Rani& 3 fron, CtCHS &[4
BLLE 40 000 Fifit, 5 CtCHS & A 7 T Fi &
42 800 AHFF .

—

1.8X10°
1.3X10°
1.0X10°
7.0X10*
5.5x10*
4.0X10*
3.5%x10*
2.5X10*
1.5X10*

RERRIUIE

M-Marker 1-CtCHS A
M-Marker 1-CtCHS protein

[E 3 CtCHS E4H%E A SDS-PAGE &l
Fig. 3 SDS-PAGE analysis of recombinant CtCHS protein

A
- \ CtCHS
AR ol B 2
Al B 2% 25 H
— BRI
10 15 20 24 30
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C 271’.060 97
|
250 275 300
m/z
E 119.050 80 51.004 41
65.003 33 107.014 5 } 177.020 11 271.060 94
[ ‘ L
50 100 150 200 250 300
m/z

A-CtCHS BRI H0 MlEZZR MR 3R A EE L AR XT T ) (i 1]

3.4 CtCHS B§5EME DT

N7 %5E CtCHS WIjRe, #4ifki) CtCHS &
5T B A 4-F SRS A JLRM A RN
HAIH HPLC F1 MS kil =41, BSR4 i &R
BHETERR P AR E, BOHMCME R, Fik
e Bl 7 2R A E I RN R 2R AR e bR R
HPLC At B unl 4-A. B Fis, BB =4)5
B FARE S AR BE I (AR, 58NSO B HH I TE
289 nm AL e RIS, 1755 A R 2% 2 R ) £ B
]\ SRRSO TGN, A A B R ) iR
K& CtCHS & H -5 KW & o (=4 b Jomh =
EHE, MR @ s, — %
(E 4-C. D) KRHBERMN=YEAM—H] VE m/z
271.06097, Tl A M—H] 14 m/z271.06091.
X MS? i (B 5-E. F), CtCHS BN 95
iR B I m/z 107+ 151, 177 HIRRERE g, 53¢
BRIRE AR 710, B CtCHS B 7 B A BE 1
REKE A B A 5 4-F S RUHES A AR N
A R 2R L
35 YLmRRERIS AR

T CtCHS & FITE4R e b R/ E AL, F 7
pCAMBIA 1300-35S-GFP-CtCHS Ji K AL A g I+ i
AR AR LA e Ar . 45 B 5 o, 1R
X} B f) pCAMBIA 1300-35S-GFP £& [ 434 T- 41 i %

| Ct;::gs . ﬂh&%%%glﬂﬁ
STANE o N
2000 © 300 400 200 300 400
Alnm
N ogg M 2nm
249\
2000 300 400
Alnm
D 271T60 91
|
250 275 300
m/z
F 119.050 81
151,004 41
107.014 34
65.001|3| 31 " 177.020 07 271.0[60 94
1
50 100 150 200 250 300
m/z

B-CtCHS B[R B4 Az Al s S H B MR OEE - C. D-

CtCHS B[R B MK F—HNIEE  E. F-CtCHS B[R BY). Ml F - gUniE

A-chromatograms of products of CtCHS reaction, naringenin, naringenin chalcone and negative control B-ultraviolet absorption spectrums of products

of CtCHS reaction, naringenin and naringenin chalcone C, D-MS spectra of products of CtCHS reaction and naringenin E, F-MS? spectra of products

of CtCHS reaction and naringenin

4 CtCHS B7EM 24
Fig. 4 Enzyme activity analysis of CtCHS protein
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pCAMBIA1300-
35S-GFP-CtCHS

pCAMBIA1300-
35S-GFP

SOTOLERA

ML R IO 137

10 um

10 pm

Ty

5 CtCHS eI RE Bk h a9 L 4B E i 53 4
Fig.5 Subcellular localization analysis of CtCHS protein in A. thaliana protoplast

A0 f 5, 1 pCAMBIA1300-35S-GFP-CtCHS fil
HERANFE AT MM, £ CtCHS EH TR
EFE PV 0 ) 248 B S5 v A HE DI RE
3.6 CtCHS FiEE

FIF qQRT-PCR #&: CtCHS fEF . 8. 4.3 Fh
B E I AL R A Rk &, 5 R a6 fr
N, CICHSEE. A fafbrhREEHRESTAHG
ferh Rk, Mt aEfE, Kided CiCHS RisE
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