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Cloning and expression analysis of HsPKS1 gene related to synthesis of huperzine
Ain Huperzia serrata
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Abstract: Objective To clone HsPKSI, a gene related to the synthesis of huperzine A (HupA) in Huperzia serrata, and to analyze its
function, laying the foundation for revealing the mechanism of HupA biosynthesis. Methods Based on the transcriptome analysis and
gRT-PCR verification, the HsPKS1 gene in H. serrata was identified and cloned. The gene expression vectors were constructed using the
homologous recombination method, and then transferred it into tobacco (Nicotiana benthamiana L.) for subcellular localization and gene
expression analysis. Subsequently, the action mechanism of HsPKS!I gene involved in the related biosynthetic pathway were further
analyzed by widely target metabolome analysis. Results The results of qRT-PCR and HPLC showed that the relative expression of
HsPKSI gene was positively correlated with the content of HupA among the different tissues. Gene cloning, sequencing and
bioinformatics analyses showed that the open reading frame of HsPKS1 gene was 1 200 bp, encoding 399 amino acids. And the encoded
protein had an acyltransferase active region and multiple coenzyme A binding sites. Phylogenetic tree analysis showed that the HsPKS1
protein had high homology with the polyketide synthases of 25 species, and it has the closest genetic distance to Moellendorf's Spikemoss
Herb. Subcellular localisation experiments showed that HsPKS1 protein was located in the nucleus and cytoplasm. Widely targeted
metabolome analyses showed that the HsPKS! gene could significantly affect the accumulation of tobacco secondary metabolites and
induced changes in the synthesis of precursor compounds of flavonoids and isoquinoline alkaloid. Conclusion The HsPKSI gene
sequence was successfully cloned and obtained, and the gene pattern, biological function and subcellular localization were analyzed.
These results revealed that the HsPKSIgene play an important role in flavonoids and alkaloids synthesis, which will provide more

scientific evidence for revealing the molecular mechanism of HupA biosynthetic pathway.
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AR Chuperzine A, HupA) 2 - Mg 2
f1X% Huperzia serrata (Thunb. ex Murray) Trevis.
IS E R —Fa AR, TR &
R ATVEEE 2 AR IR AR BRI B A0 R0, ke
J7 EURE LI 3 R R JR 2R 5 2R3 ( Alzheimer's disease,
AD) HA REFHMIIAE ., e A A KR %%
18, TEKHEEANTEEE, [FN HupA & 2HRAK
N 0.02%) 1, {SURKEERF A2t 2 A2 BT AN BE
WA R N HupA Z5YRAIEE, =81
BB A A T RN A TR O S IR AR R L
HupA, {H A T4 1 HupA th22idEA S, AR
IR H A i B 7Y T P AR B e P 2RI AR E
BB i A A2 M E R AR LR G BAFH ™
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RATREZAAE I HupA 25BN RA B e E R
JIRB@EfEZ — . A E RS PR HE2 75 2R
HupA AEV)E BOBEER 7T 5% T HupA HIAEY)
G RARETRE, IRE 7 DREARYE FA =m0k
F5EH HupA & RGEERRUL, HAh 7 e R b
et T MO T I LU 2R (L-lysine) #EURH
HupA A& BB BB o 2 AR 156 A 9 A 1 Bk
(pelletierine)7& HupA AEW)E B B FIAYI I Z —,
T A B T BRT eSS B (type 111
polyketide synthase, PKS) fif{b I i4E & R ITIREZ V)
FHIG. PKS SE ARSI B 4e S, el
AT MR 2 IR O EAG T A% L R,
BFEHEES. RO MEmEEREE,

IGHT, EHFIZU250RE TR AR ) PKS
I, FRERLK AT B S IR RIAIE T HsPKS4 B AT
AL 2 73T LA G A TR 13- RV
P, Nett 25 B15 [ 7 D B &2 Phlegmariurus
phlegmaria L.H ] PKSI, i@ i 7R IAKAE
PtPKS1 55E H B AT L Hup A BIARY) 5T A R &
S RE ST o VRARZH R S T4 sk AN 58 % € & PCR
SrMT R, HsPKSI {ERFAEME R AR, 2R o
SRR RIEES HupA SR EIEFIE, Kb
M HsPKSI %% PKS 5 HupA & A, HIEAREN

WHRERIThRE . 1EH IR, —E R b
THM— BRI i, AR A
W R A A R DR 2L L I 6] ) A A2 R AA D9 1
FAUS, Bk R R 2 A A2 R A HupA
AW E U PKS HER (HsPKSD, 53 HT HAEANFI
S RIS, B ThRE SO E AL, M
T AR BRI I e A B A M, JFIE I 4
AT # HsPKST IR DhREAN RIS HLE], bt
FER7R HupA 7 A B 77 L S R 27
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1 MRI5EE
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AHIFE P B A A AR B AR R
7, MY F IR E 5 AR € N R A2 H. serrata
(Thunb. ex Murray) Trevis.. et ZH ¥ 8 5 511
T BB, RS B AR R
OCBRERR AR BT AR R A A2 B, 25 AR G
HRIGTRAT T80 "CUKFEE o e A AZ AR IR 35
FR&M (25210 °C, Jal AN 2000 Ix, LA 13
W1l h BRI, 09 70d A, BUAERR
& R 2 A A2 R, WEGEGR S R AT T
=80 ‘CUKHE & M o« HI T Wk ik e Ak i A IO &
Nicotiana benthamiana L.Fh¥#EFh{E 118, &
JEREJA Y 2 000 Ix. HREZDY 28 C\ HRETY 60%H]
Baffh, LL13 W11 h BREIIAEK, KR 4~5
JE B A T I AR %
1.2 XER R

ABI 7500 Real-time PCR system 4 T
ThermoFisher A F]; AEYIE ARG T Eig 5
MAEDBEA R A 7] RO ST LUYOR-3280 1
T R BIAERA IR AR BORL s b AR
Wt 22 G AE P Bit 78 P S 35 WY BIF 90 08 VR A A R 43 1)
pCY-H05252 JFikiitAT B4i& ; Mon Amp™ Chemo HS
gPCR Mix J#J-7- Monad ¥ 22 w]; PrimeScript™ RT
reagent Kit with gDNA. R4 N VIR Kpnl. Smal
AN Xball¥) T Takara 2 %]; EcoRV W YJEEIET NEB
/v#]; Trans Tag®T DNA Polymerase. pEASY®-T1
Simple Cloning Kit. Trans Start® Fast Pfu Fly DNA
Polymerase. pEASY®-Basic Seamless Cloning and
Assembly Kit. Easy Pure® Quick Gel Extraction Kit.



* 6326 «

FED 20244E 9 $55% B 188  Chinese Traditional and Herbal Drugs 2024 September Vol. 55 No. 18

KIGAFH DHSo 5240 M AR A AT B
EHA105 W T 2XEAEMHEAREGR AR . 51986 mK
T 5530 B A R R A m it
2 FHiE
2.1 HupA HIIEEX

Z HRAC R A G R () 5 VR SR e 2 A A2
HupAl', i J5 TR IRE A I (il 428X 3
UASBNREGR, A 0.22 um JEBLIGS BRI BGR SE T
FIFE S FEEAT HPLC 23477 HupA X & S5 it &7
$=98.0%, WEBTH T INMEAR (RE B, K
HX HupA %Sy, BL 1.0 mg/mL VAARAE H I RS A
HupA FrifERRA . MR BRI, 19381 — 251
IR BERRFERIBREE, FH T &5 #T. K H SPSS 25.0
A AT B AR S35 1 AT
2.2 HEEAFZE RNA 12EL. cDNA &5 F1 HsPKS1
EFE R K e b

KH Trizol VETRBGRTH I & 5K E AT 4R
MRS AR EL RNA J5, 28 Prime Script™ RT
reagent Kit with gDNA &7 & Ui B B AR AL 25,
. R RNA LSRN cDNA . AT 5858 i 5256
AT e A AZ 3 AR S 4 B O Ok

HsPKSI R {3 Primer 5.0 845 1% 5 K 7
FIHAT HE DR v b Je 8 8 & 5| it (R 1. LA 18S
rRNA VE NS, {#H ABI 7500 Real-time PCR
system X #% ¥ 17 gRT-PCR, & M 1k R &
MonAmpTM Chemo HS qPCR Mix ) J79%: FiAz M
95 C. 10 min, &P 95 ‘C. 105, iBk 60 C. 10
s, #EfH 72 C. 30s, 40 NMEK, 3N EYHER,
KH 27" "G HsPKST FE RIA % ik =151,
DS A 2 A1 A2 cDNA H5AR , PCR #2/7 2 Trans
Start® Fast Pfu Fly DNA Polymerase J7i%: TiAsiE
95 ‘C. 2min, 4% 95 ‘C. 205, iB-k 60 C. 20s,
2 72 °C. 30, 35 MEHM, f&J5 72 C. 5 min.
F & & 5§ ( Trans Start® Fast Pfu Fly DNA
Polymerase) # 34 HsPKSI FERF B, #HATHK ]
s R H) T1-Simple 24k L. #£1L % DHSa /&5
AU K KA B3 21 A0 1 5 F 100 mg/L Kana
(1) LB [ {43 72 B I AESE IR E NN IPTG #l X-gal
BT ABETIE, 37 CREm IR, IR HPE At
V& IR 1 A Se B 51 0 AT IR, SRS
BEAT IS8R, SR E TR J5 K o B B D PR B R i 44
N HsPKS1-T1.

x1 FAsIFS
Table 1 Primers used in this study

il EIE/ER S 1P (531
KIECERETY PKS-F GTTGGCTCTGCTCTCTTCGG
PKS-R ATCAATCCTGGCACGTCCTT
WS R 519 18S-F TTTCCATCCGACCCGTCTTG
18S-R GAGCCTCCACCAGAGTTTCC

LRSI HsPKS1-Kpni-F

HsPKS1-Xbal-R

GTACCATGACAATCAAGGGATCAGGG
TCTAGATCAAATGTTGATACTTCTCAGCAAA
AGAAGTAGGAGCTCGGTACCATGACAATCAAGGGATCAGGG

GAACGATCGTCGACTCTAGATCAAATGTTGATACTTCTCAGCAAA

TAGAAGTAGGAGCTCGGTACATG

BN EREEIRY PKSczl-F
PKSczI-R
HH 5V 2 PKScz2-F
PKScz2-R

CTCGAGCTTTCGCAGATCCCCAT

R0y B R IR .

The underlined part is the recombinant homologous arm.

2.3 HsPKS1 £¥M{ERZENh

FIFAELZL Protparam - ELFll Expasy i b [I7EZE
TH Prot Scale #HTH HEALE 04T 8 Signal P
50 ELHAEA Deep TMHMM  7EZRE A 73 b7 0
HsPKS1 £ [ 015 5 Ik X 30 R 5 45 4 12 H
Cell-Ploc 2.0 TELRHPEXT HsPKS1 85 1 I 4 i 5 i
HEAT TN, 3ZH GORIV 7E £ H A F1 SWISS
MODEL T_Eill HsPKS1 £ [ 21 = 2R 4584
iz A Blast I B Uik th [FUE A= 17 41, 8 H
MEME {E£& T B L i th 1 R 2 R 7 91 AR

X, FFFRIA MEGA 11 8RR K AL SR %4 2
HsPKS1 & FH A o
2.4 HiFERFERERE

WHE HsPKSI ) CDS &5 %Kit EAH 5
PKSczl-F. PKSczl-R (% 1), JF|H Taq BT
PCR ¥ #8315 HE A Bt SXJ5 H Kpnl 1 Xbal [R
PEN VDX pCY-HO05252 ORI Tl DASK 15 26
b pCY-H05252 JrB, WEARK v BS &ML
pCY-H05252 F Bt Jog v b il ) fn b AT s 20 0%
B, A RIEFR pCY-HsPKS1 FH# N A K
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EHA105 . FRBURAT B B 7 480 T3 50 mg/L
FIHE R (Kana) 125 mg/L Fl#&EF (Rif) ) LB
WpkRE A, BMHET 28 C FRZHFE. 1 600
nm AR, MBI G R 0.6 B, BS O -
TINBER 3463 (10 mmol/L MES-KOH, pH 5.5,
10 mmol/L MgCl. 100 pmol/L i) Z.EE T FHAIE &
WO BEE 1 h JEHATREEE. HEE s
M7z M, FHES 3 K. i HEDEREA
PTS-Mini ( B /MDD HEATBRI A4k, 2 A2
iob 23S A A2 AR ) 52 2R R 8 DU T N FL
R AT BB N LB N, BEk B Y il
PIRTH I . MRIZE T R REE T, I3
Bk BN 8 kPa. 30 s AT IE AL, FEibahi
o BEEEERFE 1 d, IEWOLIREEIR 3d, HIWE T Lifg
B A AR A R 27 LUYOR-3280LB % YRR
fT, KA 488 nm JEKBIELSMT 34T RRGS HAL I 4%
TR
2.5 HsPKSI Y 4ABtIE i

N T BGAE HsPKSI it 2 [ 1) 0 20 i 5 A7 1%
W, R T4 Tl k0t pCY-H05252 Jiir it
FIFEHGIH 2(F% 1%} HsPKS1-T1 Jfikii#k4T PCR
P4, Bl E AT R VKR REAT R IR, K SRR
H A Bibric N: DNAGIL. I Kpnl Fl Smal B il E
WYX pCY-HO05252 Jikiidt AT gV E, K ik
P PCR 2B A &gt (Zifbbsic A
custom Vector), P /a7 RIVRELH RN, RBAAFR
A: 10 uL Biorun 2 X Easy Clone Mix, 5 uL DNAG1,
5 pL custom Vector. PCR MAAZR: 37 ‘C. 30h.
b R 1S B 2 KA DHSa, 2R)EF
HIpAA T 100 mg/L Kana LB [E4AR: 373 IR0
37 CHEF% B JE PRECR B v& FH E A 514 2 AT B
B, RN BH P B MR HEAT EcoRV Py 1)ty ity 1) 25 4H J5
R 3 AP I0IE, SRAESs IER, RIARINIRAE
HJE 37 9X3) HsPKSI 5 eGFP & 3LRE#H kIt
4~ pCY-HsPKS1-eGFP. 2% &M 1 VE 5T B
I A AR R 000, N fl G SR IR FARFN AR — [FIFE 4%
B ANT B EHAL05, K48 BURL A AR FT B 4
IS B ARSI E S, BHES 3 K.
S 8 MR AR AR 55O IR 2 d S, BUESE
(R BH I By E Nikon 2y ] () C2-ER UL IR A B4l
BiWEE GFP K5 5.
2.6 ¥ HsPKS1 EFREXIGFHEZ 75

MW “2.47 T Ak, 1T (1) B2t 25 TR AT 2 2 1 %6F

FEHRE, oy S BY LR B8 13.5 g A, 395
SR 3 M, R 4.5 g, ¥ 6 AT & AR R
JET-80 COLRFF. ¥4 2 MBI SR TR, Wit
B A, FREFE 50 mg, VAT 1.2 mL 70% H i
TR . B 30 min R HE 1 K, BRHREFLE 30s, 3
6 METit. B0 (12000 r/min, 3 min), H_EEWR,
A 0.22 pm JEMEERE FIEW, RAE TR,
T J5 82 3 T8 SO A 50 - B8 G B (UPLC-
MS/MS) [ iz A 2 o A G PO 4EA
FRAFD,
3 HRESH
31 FREIALE HupA &BER K HsPKS1 EHH
FTIEFFM

AN SEZB6 5 I I B AR e A AS N R A
(e LA AT, SEIRE Y 14 5 HupA & it e 3k
R, Hrb PKS IR FEA 3 A7), R qRT-PCR
ST AR R A EARAL R ZZ. ) g
BRI LA PKS B2R3E—0 70 b B, ANFIZHZA
[ HsPKSI BEFMXRIA R Z R, Tl
AR ZERIH- R ) HsPKST 3R Rk &) il i
SEAALBEARIIRAR R 2.10.8.44 F111.23 f5 (& 1-A).
FIFH HPLC & R0 A (il o AN [ 2H 21 HupA & &
W BRI, SRR SEAd S AR, ZEFnt
1) HupA SEBRAEFEMEZER, 70N 42.56.
73.17. 257.48 f1312.63 pg/g (K 1-B). H:71 HupA
TER AR, RO, s qRT-PCR K
=M HupA SEOEREIN, AFEAHHM
HsPKSI J:RFILES5H HupA W& & 2IEHK,
SRR HsPKS1 2[R AT REAE HupA HIG OIFEH
L E
3.2 HsPKS1 EFAMRESEE

PLEFAEdE SR A 12 cDNA ISR, 1R85 HsPKS1 FF
SIS IPIEAT PCR 434 51T 1% B IR EE R FEk
K, #3210 2-A skt —, K/ 1200 bp
e AT HsPKST B:R B, IR IS fa =8 By
5 T &k, FEsr=migE NG # . BEEL 10
AN BRI B R RT3 T PCR A, ASilSh S an
Bl 2-B FI7R, 2+ 5+ 7~9 ‘SFES 2% 5 BE 0 HER
KIR& R h—8, B adeska (B 2-B). &y
e BT B e A A2 HR R 3RAF 1 5 2507415 NCBI
BRI DQ979827.1 (H. serrata, HsPKSI) F4IMLL,
g A2 PKST () 572 AiigdEss i T Ak €, KkE
TIEXFTAE, [FRMEN 99.72%.
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a a
4
b I 300 = b 1T
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i T &0 -
X JC 2 200
#® <
= . = 100 c
- =1N
C
— ]
IR A Licd E I IR 4 id E -
NAFRFR R AAREEZR (P<0.05).
Different letters indicate significant differences (P<<0.05).
1 EEAMTRELHRE HsPKS1 £EEFRIE (A) 5 HupA 28 (B) 4
Fig. 1 Analysis of HsPKS1 gene expression (A) and HupA content (B) in different tissues of H. serrata
M 1 2 3 4 M 1 2 3 4 5 6 7 8§ 9 10 11
2 000 bp 2000 b

— A \— — D

<=1200 bp

A By HsPKS1 R 70l PCR 3 #8H1K 8, M-Marker, 1~4 4 HsPKSI 3K B B BUAFH I 855 PCR %5, M-Marker, 1~10 g4

W, 11 B TEXS R

A is he PCR amplification electrophoresis of the HsPKS! gene clone, M is Marker, 1-4 is the fragment of HsPKS! gene; B is the PCR identification of

positive clone, M is Marker, 1-10 is the bacteria to be tested, 11 is the positive control.

[El 2 HsPKS1 EFE g R
Fig. 2 HsPKS1 gene cloning and detection

3.3 HsPKS1 £¥MERF N

RAFMEFR MR, HsPKS1 & AN 5T
JREN 43 366.92, Z5HL AN 6.38, AEaE RECH 33.30
(FE RBUNT 400, JEWIRECN 94.14, SEKMER
—0.053, K HsPKS1 AfaE ek EE . @itk
FURES IR T 5155 K04, BRI ER (s ik
gith, HAE(E SRS, AN AR e o 45 S
RO T, HENZA A T4 AR ik

HH. HsPKS1 & H - RE5MM TN 8 2 TCR
M (49.87%) VAE S o BEHE (34.09%). ASHf
FLIEFE 3awk.1.A H IR PKS3 il A (1) — 2%
CEMIRRIZERITION . FONSE SR H, HsPKS1 EAH A
H 4 A H (glycerol, GOL) FCAAFN 2 AN ERAR BT
(sulfate ion, SO fifk, FHHAE 68, 277, 315 fif
IR A 256008, 174 (RIS
BTG (3D,

)

3 HsPKS1 ZEBH = REHTUN B EMEAL S

Fig. 3 Tertiary structure prediction and active site of HsPKS1 encoded protein
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3.4 HsPKS1 ARG LMAES S

¥ HsPKS1 Z R 7 41 /£ NCBI 4% & i AT
Blast LU Jim A A 326 HH R R T 55 s 1) 25 AN )
FIER T HHEAT LS b LexT 45 ORI HsPKSI
RERTHE 25 MRS PKS (X4 & HER
G AP EREE, Hh 5 a8
3AWI_A HER R IR T HI RN 100%; ST
Vigna unguiculata "' XP_027913565.1 3[R 4w & 1
[FJE N 95% s HIL RS Selaginella moellendorffii
1) XP_002965309.1 wtsh i H [FVRPE KA 93%:
5O REEHH PtPKS] RS E A QWQ66223.1
(I FEIIEPE N 65.23%; S 2 A A2 1) HsPKS4 3]
bR I FTETE N 67.20%. F Tk 25 NEH
R F 5 5 HsPKS1 MR T IR E

XP_002965309.1
P51088.1
CAA10131.1
ADZ45299.1
P30075.2
ARG41474.1
XP_019420991.1
QCY49062.1
P23569.1
XP_017410261.2
XP_027913565.1
E AAMO00230.1
KAF7837015.1
XP_003601648.1
XP_050879406.1
AEF14414.1
KAJ1406619.1
XP_027335992.1
ADZ45294.1
XP_021608720.1
HsPKS4
PtPKS1
AlIV42295.1
XP_002965309.1
0.05 3AWJA
— 4 HsPKS1

Motif Symbol Motif Consensus

MEGA1l HWE RGN (KB 9. 4RER, 5
HsPKSI SE%55 RGN 2 MR Bl 275 & Al
TLEEM. SRR ARBITMNEERZ 34WT_A4 FH 9w
A, X5 Blast fHAT45 A —F.

K MEME suite T2 R HsPKS1
EARHRSFFFIX L (Motif), FFAEFHA R TiX
L6 Motif XIRSEAM T FI AL E (B 4). 255K,
TN 3 E R A BAARIRIEARIT) Motif S5tk
FIGT, XN T EEE A RN R A
WS, Hb 5 3AWI AL XP 002965309.1 & )
Motif 544 7 B RHFIFARE], 3+ H 3 MEEEidt
R Ak F [F— 4352, #E—2D%% HsPKS1 HAS
HsPKS4 1 PtPKS1 #HLL, EATEA IR Motif 45
1, ZERRITEA T REEARAL .

B (G5 A A Pl
AR

=t
&

==
I

I
I —
—— [
| I ﬁﬁ

. e e R
I | I
| I 5
I | R
[ | — g
i I R
e PN
I — oy B
I | [ 2
I | —— 915 2
I | s
I [N j(%;‘
e m—— S
TS
[ e A
I | gy PR

1. I EWGQPKSKITHLIFCTTSGVDMPGADYQLTKLLGLRPYVKRYMMYQQGCF
2. IQSTYPDFYFRITNSEHKTELKEKFQRMCDKSMIKKRYMHLTEEILKENPS
3. EEITVLRLAKDLAENNKGARVLVVCSEITAVTERGPSDTHLDSLVGQALFGDG

El4 HsPKS1 5HAMMFHRENEEH UK S R EBEME T

Fig. 4 Phylogenetic tree analysis and protein domain analysis of HsPKS1 and polyketide synthases from other species

3.5 HsPKSI 3 FREHFME

Lo A4 8 ) HsPKS1-T1 # A4 Bk R, LA
PKScz-F #1 PKScz-R 5% (& 1), fH =R H
I 3G BT S K BRI HsPKST R B (]
5-A), VI RIWGRTS HsPKST B B FHH Kpnl
A Xbal BR#IPEAN VIR pCY-H05252 5k it 47
P, LML (B 5-B). BRI E R E R

HsPKS1 B4 BRI pCY-H05252 kit AT
AR E A, ks A= N KA, 37 C
ARG FE . I H PR B B 7 4 PCR B0k,
MEE R 5-C Fiow, 3~5 SHEM AW S 156
PEXTRRTORL 2675 K/h—8, B Ak . &l
JE TR, PSR S El HsPKST 75—
#HFE W pCY-HsPKS1 FIiAHARN 2 58 il
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ML 2 ML 2 3 3.6 TémpaE(L

11306 bp R T 0 HiIA HsPKS1 & H 7E 40 i ()AL
B, K HsPKSI FENEHH 2 WA eGFP [
pCY-H05252 tPp3eik#fkh, MR EHmE
FILFAAR, FIF EcoRV A VIEHEGY) S 4R, I6IE
HAPR S PR BN E R S — . SiRE
A 20 TR S B i BN S B — 3 (B 60,
P R R, RIIIRTS pCY-HsPKS1-eGFP

12000p b £ LTRHAR . ¥ pCY-HsPKS1-eGFP FikH Ak
FARATFHE S T AR PR RIE, RO
R BB EE GFP 155 fE 41 AN 15 Ai . Wil
7 i, pCY-eGFP 75 F A4 %] HEAE B At v 4 vh

R BE Marker

2000 bp
1200 bp

A EIA HsPKSI ERFEBHIKE, 1.2 AERFE: B EA
pCY-HO5252 SRS Brvk i, 1 ABTRIAIR, 2. 3 Judett

ks C BONEA R BUEBSAIEBEKE, 1 MM, 2~54 9279 bp =
T ;. M-Marker. 8 000 bp
A is the electrophoresis picture of HsPKSI gene fragment, M is 2k 2624 bp ="

maker, 1 and 2 are gene fragments; B is the electrophoresis picture of
pCY-H05252 linear vector fragment, 1 is plasmid control, 2 and 3 are
linear vectors; C is the electrophoresis chart of the recombinant
fragment bacterial solution, M is Marker, 1 is the positive control,

and 2-5 are the bacteria to be tested.
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Fig.5 pCY-HsPKS1 overexpression vector construction
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Fig.6 Accurate quality control map of pCY-HsPKS1-eGFP
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Fig. 7 Subcellular localization of HsPKS1 protein in N. benthamiana
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R MAEAG SR . ] 8-A s X IR ZH R, R
R HJC SR O . AR T X R %L, 42 EHA105
PN B IR G Ja IR o B 1 15 T A B35 4k
(B 8-B), M) pCY-HsPKS1 Wi B AL a1,
Frieais A R 5 (CmYLCV) 3818
4y BREN HsPKSI 5 eGFP {EMH R R1GRIX
372 JUiZEEmAEA T HET UPLC-MS/MS £
WT73%,  IFEIERE R R (Nt-pks) FHEF A2 B EE
FERR (NG-CKD B EEIREY) (R4 3 D it
R 1 802 FRACUHAD. KAl 2 AT 32 1k
4353 #T (principal component analysis, PCA), Z5515
7 Nt-pks Al Nt-CK Ff it AR o 2 5
W T FEAS ) A AT o ARYE DA AR =

FHELT Nt-CK it 222 A 453 A, Hrr Lt
W 336 1, FIEMRE 117 4> (B 9-B).

A-STAERUHRERR . B-F HsPKST TENAZE ik i 5 A AR AR o
A is a wild-type tobacco plant; B is the transient genetically

transformed tobacco plant for HsPKS1 gene.

El 8 IHERRMEUEKRFERNEERE

Fig. 8 Green fluorescence identification of transgenic V.
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A is the heat map for cluster analysis; B is the taxonomic stacking of differential metabolites; C is the bubble map for KEGG enrichment analysis.
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Fig. 9 Widely target metabolomic analysis of overexpression of HsPKS! in N. benthamiana
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ZEHR PR ROV BB R 2
e EMAAEER, Nt-pks KZH B, M Nt-CK ok
oy T (B 9-AD. HA EYSRaFEm &I, it
WE KA SRR AE RS, R AR A
PRl R 2 T e 5

% KEGG ¥ itk — DX ifiis th (1) 453 Fil
7 S AR A B AT B AR i . AR,
HsPKSI FERBEE AL B AR M Rk f5, HER
RIS 5 68 FRMEK . T KEGG & F
50T, 1T 20 AR Mg E R E R EBLA
9-C). Hh B E FEMRT 5 MRE W E K
Y6 i BRARH B R E A A i 2-E AR R AR
Pk S R AU A S P AR A P A ) 5 B (P<<0.05)
BE— 2B T R, 17 FhSEE A A R

WA= W B 25 0 5 SR 9% R AU 0 A OB 2 A A AR
3 B (P<0.05) (R 2), Hr 8 FhyHE
K, 6 MONEYII, MR, BT AR
FUEWE 1 e 8 MEEIHRL G DA 3 MEd
HEATEACEY), 70 M B R EH . FACHIE
IR A HD A 3,4,2",4,6'- 157 5 75 HLfifd-4'-O-
HEHET . 6 RV 3 Pl S vk A= Y,
I3 Al f (QE)-3-(4-F2 FE R JE)-n-[2-(4- R R KR &
FE1H 2-% R . 3.4,5-trihydroxy- 6-[4-[(2-
hydroxybenzoyl) amino] phenoxy] oxane-2-
carboxylic acid AH  6,7-di-O-methyl-N-deacety-
lisoipecosidic acid, HJRAREER. U EERE
W] HsPKSI %K) L5 — S s il AL S YA A
YIw R AL & VDI 25 AR AL

*® 2 HsPKS] EARBEPERERIKNEEZERKIGHY
Table 2 Main differential metabolites in N. benthamiana produced by HsPKS1 overexpression

s P S CAS 5 P1H SRR X R KA
Tili e 3K -7-O- B B B R (it e 1) 2 i 10236-47-2 0.099 1 1200  Eif
3,4,2'4",6"- LI A B HR-4'-O- % % b gL - 0.029 1 208  E
FACHIE (R B HF A H D U 4547-85-7 1.23X1073 255 LA
oelt B 2% A5 H- 1 U 73692-50-9 237X1073 159 LA
FRE (CALEmD H 480-20-6 3.51x1073 409 LA
RS U 446-71-9 4.05X1073 1260 LA
T FE 2R -7-O- W E i E (MEEED B 529-55-5 3.94%X1073 272 EW
P& U 520-33-2 0.020 4 1250 LA
-5-0-X% Fr G ZE R ilives - 0.0355 178 EH
LT A, 51-67-2 1.70X 1076 243 EH
% M A, 51-61-6 1.46X1073 357  Lif
LR HAh 139-85-5 476 X107 415 EH
LB IR RAEM L HATEY  60-18-4 6.61 X107 1.16 i
S B, AR 581-49-7 3.48%X1073 -1.01 T
(2E)-3-(4-$3 3L K )-n-[2-(4-F2 HL TR I 2. ) SR IR A= 406 - 0.021 8 271 ki
H-2-5 B R
3,4,5-trihydroxy-6-[4-[(2-hydroxybenzoyl) SRR AR ) B - 0.026 8 -1.06 T
amino] phenoxy] oxane-2-carboxylic acid
6,7-di-O-methyl-N-deacetylisoipecosidic acid 7 W WA= Y, 0.027 1 -1.72 T

4 g

PKS FEAFE T, i SeB H R
PEL A RN 10 BRE DL BRI A [F] R BR A
KA R e R, BRIk PKS 7E IR AR
VI A& g R R A SR E S, HETE &
MR R e PKS FE[H CDS 741,
e F A AL FIR EEHLHS T KB, R

PKS A] DLEEAG A S WA A ) A 06 R R A4 DA
T B B S BRI T B AT R BRIHE ot 2R i 00, AR
S = H A I A e A A AN R ) 2 R ek A
M, JEREH 14 A5 HupA & UG, Hod
A 34> HsPKS 5K, 3F H HsPKS1 £/ R4 23F0
FEA T FE N £IE B S HupA S B 2IEH%. Kt
B — BT HsPKSI B:RI7E HupA AEW)6 B E



FED 20244E 9 $55% B 188  Chinese Traditional and Herbal Drugs 2024 September Vol. 55 No. 18

* 6333«

BHRThRe R A EEE X, ORI 2 AT
HupA A4 B G B RS R B A A 2.

AHEFX HsPKST FER AT i % e, Ffimid
AWME B2 M R B HsPKS1 2 [ B A5 PKS S 1)
R SF G I 22 A A 25 A0 S AV LR I o 3%
FEmfiEtE, ESE HsPKSI J& T PKS ZKJ%. HsPKS1
R AMSE AR S HupA RBIARY IR A AR BRI & B
B w4 A M RIBEEAL I ThRE M E VA0, &
Gt R G W R HsPKS1 5 HAh i) PKS B F
BERRPEE, R STTmEEHEg R /0, #F
E RPN ISR . K HsPKS1 57 A\ L& AESE H
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70%, {HEA OB AL Motif £54, FRIF'EAIA
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B LT P RT3 7 40 B AR 4 o 22, AT
F DS BT 73 HsPKS1 & A T4 i
JH, AETE 41 B 5E 7 53 BT 45 SR 2% BH 1% 25 R 7E 41 B A%
FNYH B 5 25 Rk o BRI HsPK ST 5 R FT fg
TEA AR NS5 T R EMAA
REBRL ) (R AL B, it — DRI Tl 2 A A
HsPKS1 H1 D) Re 2 R4k -

S EWE B 2R Mt HsPKST & T #1784 () PKS
W, MHEHEAR, WEENEERB RN Z,
A=A T 22 P EE R 24 PR IR AR AR P2 D () A%
OG5, BFEHEEZE. HEmEEESE . A2K =Ry Ang
RS AL S 00, O B AT K AT B
JER W] HsPKST vl fbo0t 2 2k PO RE R4 i A A Rl AT
B, 246G 2 E R A Y A6 RO B T
1AR3), AHEFHE— K HsPKST R 554k 2 1l Bt
1TBRI RIS FFEAT V2 BRI AR AT, 45 R,
A 7Y b 3 B DR AR PR 1) 22 S AR ) 2 B A )
Bl EEEAIMBR RSN EY, XA YESY
P A R S5 A R A AR S5 A A A P A
YR . G R A WA 3 PR B RS
W, oy e R A, 3,4,2, 4, 6-HREEH
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PES T, RIAZ LR o] DAL 2-N- B 3-8 I A
A FI ik CoA A= p 1,3- 2 FE-N-H FE I ng (23,
BT AWFF R AR PKS 7T AL 2-N-H1 3L H
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