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Abstract: The elucidation of cucurbitacin biosynthesis pathway is essential for heterologous production due to its sig-
nificant anticancer activity. The biosynthesis of cucurbitacin starts from cucurbitadienol (Cuol) catalyzed by cucurbita-
dienol synthase (CBS) of the oxysqualene cyclase (OSCs) family to form 2,3-oxysqualene which subsequently catalyzed
by cytochrome P450 (CYP) and other enzymes for oxidative modification to produce various cucurbitacins. In this study,
an efficient transient expression system mediated by Agrobacterium tumefaciens was established. The CBS gene
(HcOSC6) from Hemsleya chinensis and truncated 3-hydroxy-3-methyl-glutaryl coenzyme A reductase gene (tHMGR)
from Avena strigose were continuously optimized in the tobacco co-expression system to increase Cuol yield from 2.832
mg/g (DW) to 9.48 mg/g (DW) in Nicotiana benthamiana leaves. Meanwhile, HCCYP87D20 of H. chinensis was also
co-infiltrated into tobacco leaves to obtain 11-carbonyl-20B-hydroxy-cucurbitol. This study would provide a theoretical
basis for efficient heterologous production of cucurbitacin.
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Cucubitacin IIb A HF 2, Cucubitacin Ila W EHLZE

Cucubitacin F

Cucubitacin ITb: R,=H;
Cucubitacin ITa: R;=AC.

Cucubitacin IIb is Hemsleya chinensis Cogn. bilirubin A, Cucubitacin Ila is Hemsleya chinensis Cogn. bilirubin B.
B2 HEZEFHFEHE (A) MAFEEFHERZE (B)
Fig. 2 Molecular structure of cucurbitacin F (A) and six-year-old Hemsleya chinensis Cogn. tuber (B)
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C11 %k, C20 i bl f C2 fify p Ak 5
EF Ik #E B, E S5 F7E C25 b
Miks, SAJEHEBEEE L, A C22 BEAEALAT Cl6
1) a-FREfh . B, AT IRE % B, E
M F A G i 12 DAz 38 HoAlh CYP450
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HiF RXBG Y ER A, fEEY T
B fe B R i A A Az B BRI, 4R stk T2
B HFERT, THRAREWMANT . W5 HE,
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Quick Gel Extraction Kit, 2xEasTaq PCR Mix Il
H bt 2 e A YH AR B A RA R L 2-(N-1g ik
w2 R (MES), RIBE &R (Kan) . Fl#EF
(Rif) I HEMHESEAARAFA, Gateway
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EEHE AR RS04 ( Protein Simple ) ; 7 A
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H 2% % ( DGG-9000B % %1 ) , A W AY
( MD200-1A ) .
1.2 FHi&
1.2.1 BHABWE  KERMEFTH 2%IK AR
FHENEG, BRI T 1/2MS H 5 L (3G,
IS 1~2 d, BB+ 5 SE B T
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#E, BTFATAMER (25C, MXRE 80%,
18 h MR, 6 h JBHE ), A£K S HJE HTFRITFEB A
1.2.2 HAk#E P b SR R A A
[CHHEL i v 38 i i b i R aR &R A7, # T
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FRFE 3 B A AR, LR SaRERE 11 K5 AHOCHY
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1 pEAQ-HT-DESTI-tHMGR 5 4H ki DA K {4
PANS580-GFP i o) VR il v i AL B AR AT T 32 A8 2
it L,
123 AKMBEHRAFASN  PRE TN T
TR TR BRI % 7E U8 in LB( 50 mg/mL Kan+ 50 mg/mL
Rif ) WAAR;FR3E g, 28°C 220 t/min §53% 24 h,
MR E 200 uL LA F A7 b B i 15 R 5L 50 mL
H, gRARHE IR 2 ODggp 15 2.0 ZE£7 BT L 5000 r/min
B0 5 min, YWHERR, F 10 mmol/L MgCl, .,
10 mmol/L MES F1 100 pmol/L Z. 1 T & i i 2%
WESFMA, T 250 mL & WA 6 3 i
( ODgoo 23510 0.4, 0.6, 0.8, 1.0) , BB
B, ORI IR AR, AR
H2EF (40, 60, 80, 100 kPa) , UL 5 ARy
SRRV A YA R, FL2A5BERESY 3 min, 4d
Jo RS B F L B 100 mg M8 B B ECE
RNA, 54 cDNA, JERBEZE 200 ng/uL,
DL A AR R AT 21 2 B PCR DLPEMY 45 IR 6t % 4k
ORI, 2 B PCR i 4% GFP 3L I
(45 5514 P-GFP-F #l P-GFP-R, i ] 4 fifi 5 1

la (EFla) POYWENMMBE NS IEAN, (i Image J
BRAE X AZ BRI IE GFP H [ 25717 -5 K BE (B 4347 o

AR R PR 1,
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Tab. 1 Primers used in this study
194 SlHF5 (5-3")
Primer name Primer sequence (5'-3")

GFP-F GGGGACAAGTTTGTACAAAAAAGCAGGCT
TAATGGTGAGCAAGGGCG

GFP-R GGGGACCACTTTGTACAAGAAAGCTGGGT
AGACAGCTCGTCCATGCC

HcOSC6-F GGGGACAAGTTTGTACAAAAAAGCAGGCT
TAATGTGGAAGTTAAAGA

HcOSC6-R GGGGACCACTTTGTACAAGAAAGCTGGGT

ATCAGAATAAAGCGGCCGGATG
HcCYP87D20-F GGGGACAAGTTTGTACAAAAAAGCAGGCT
TAATGTGGGCGGCGGC
HcCYP87D20-R GGGGACCACTTTGTACAAGAAAGCTGGGT
ATCAATCATCCTTAGGAGTGAACTTAATAT

tHMGR-F GGGGACAAGTTTGTACAAAAAAGCAGGCT
TAATGCCCGAGGAGGACG

tHMGR-R GGGGACCACTTTGTACAAGAAAGCTGGGT
ATCAGCAGGCGATCTTGGACATGTCC

P-GFP-F ATGGTGAGCAAGGGCG

P-GFP-R GTACAGCTCGTCCATGCC

EF-F CTGGTATTTCTAAGGATGGACAGA

EF-R AACCTTCTTGAGGTAGGAAGAAA

124 JBERGHEF IHEFORBRHH R
It 4 d SRR B, SRR #E T GC-MS
3BT B 1.0 g M T 2 P v R s AT RS ki
¥ S mLIEC e EE I3 IK,37C T 1h
ZJa AR 20 min, FHIECE : LR OFRIE
HW (41, VV) #I—WK, SRR iR e S
L 5000 r/min 250> 10 min, H 60 pL b &% 9%
BN, AWK T 48 . Wedn Iy E
THEEG /AN, 40 uL = H 3 R S LY
( TMSCN) fiid:4k. fimA TMSCN J&, Bike S5
2| MPS i FEAR . JF7E 40°C TIEE 40 min,
A4k a1 T ERE i AT 200 pL ZEHUE
VA 1 mL IECREEBs g, SRJa R R
1 uL EAZUERE S 1SQ B i B F i GC <A (1
WAL Z A TR . DA = (ko e
30 psi) {EA 1 uL BE5L (HEFEDT 250°C ) , %R T
W% 2 min AR 170°C, Ll 20°C/min A4
JEFHE 300°C, 7F 300°C FA-HF 11.5 min, J&FI4E
R 8 min Ji7, VUHHIE (60~800 Fif i )
7K, {di F MassHunter T AE ¥, ( Agilent ) B4
HEATBE 5T o
1.2. 5 HPLC il 7 i%
. TEARTRMR

DU 0 P I B 1)
T A A A e R
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FrE B, FH Agilent ZORBAX SB-CI18
(4.6 mmx250 mm, 2.7 pm ) A 3EFE, WA 2%
afiZkK(A),98%NEHW( B ), % FE VN 0~26 min,
98% B; Kl KA 200 nm, FEFEARFE 10 L,
P 0.8 mL/min, #E3E K 40°C. Ph 5 MR
0D W0 R i Y T D O VAL E TR AR WA LY A2
e B R R 2, TS e .

1.2.6 UPLC-ESI-qTOF-MS % #7 11-# % -20B-#%
A-Cuol  HU 200 mg MHFM T A TR R 50T
BERSARY, 1 mL LR OBREE I 3k, 37C
TWEE Lh, BIFAEBOR, FHAWRSORE T e
PrimA 200 pL a3 R i, JFH 0.22 pm AL
JE T 98 , SR )5 K Fl UPLC-ESI-qTOF-MS( Agilent
1290, PUZLFFH I RATHT [B] BT % Agilent 6540 ) i
ki, R it Agilent Poroshell 120
EC-C18( 4.6 mmx100 mm, 2.7 pm ), #E#FEHR 2 uL,
Uik 0.8 mL/min. JiaAHZE 0.1% R (A AH) Al
NG (B ), RHZMH VRN, B &
B ML AT : 0 min, 30%; 16 min, 100%;
23 min, 100%; 28 min, 100%., JFi%&:: BT
PR ARIE S PR, SRR 350°C, Wiz
JE 500 V; FEZIELE 140 V; HEfLHLE 60 V; S
WL 750 'V, 4L E 50~1000 mvz,

227

PANS80-GFP

pEAQ-HT-DEST-GFP

2 HERERQH
21 RAEBRNREERPEE

#EH pEAQ-HT-DEST1-GFP # A Il pAN580-
GFP RFTHE B, 7F OD4g0o=0.8, E.25J% }J 80 kPa
KT, RIFEBA S BT, 96 h J5i
S IR AR W G SR PR SRR GFP () 3Rk
WAL, KRB 2 DEIRRAT R RS AL S,
MO . Z0AEAZ . AR A RE VLS 2] GFP W3Rk
(K 3), £HWEA pEAQ-HT-DESTI1-GFP b
A 3 iR AR A R AR e TAE

W58 KRB0, #54 pEAQ-HT-DEST1-GFP #4& 1K)
ANELATHFEE (GV3101, EHA105 F1 LBA4404 )
BAME)S, GFP FiAEWTEAIEH 4 KikE|
B, 1 H EHA105 33 A MBI GFP Rikm
(& 4A) , Uil EHA105 J2 5 id B BE 54 AL iy
PR, MAMNEREAEBARS 4 RERRE, R5
FIL TR, EHAL105 B AARRIHRLR) GFP RikZL
H (K 4B) o HEARIUE (ODgy H 0.4, 0.6,
0.8. 1.0) HIAHT I EHAL05 HIR B ARCE, KIT
BB M E ODg0o=0.8 B}, GFP [FRAM Hix
m (E 4C) 5 WEARMEZSBERT (40~
100 kPa ) &3, FL25 % J1°k 80 kPa A}, GFP 3R
R, 53 80% (E4D) .

k77 RS ES

» ¢

Bars=100 um.
B3 EARZBEENEHEEMFE GFP HRILER

Fig. 3 GFP expression in tobacco leaves after infection with recombinant expression vector
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A: Transient expression efficiency of different strains on different days; B: Expression of pEAQ-HT-DEST1-GFP in tobacco after 4 days of
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4 RAFBANAFEEEN GFP BRERIELENFM

Fig. 4 Effects of different factors of agro-infiltration on transient expression efficiency of GFP

B RIAFFYWHE _HEER GC-MS ¥ E
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i Y LR WIS ] — 3, HAr U Wl a (181 5C,
Kl 5D ), B 0 TR, X R4 rh
pEAQ-HT-DESTI-GFP &35 140 # £ I h R &
PREH P e th HPLC & B — i
(& 5B ), 2Tl AR S A 2k ( Y=1663.56953 X~
21.224813, r=0.98567; Y MWLM, X H#iMS —
IEBES ) , ME# Y TIREE S RO 2.832 me/g
(T ), 24 pEAQ-HT-DEST1-HcOSC6 #il pEAQ-
HT-DEST1-tHMGR 7E 00 S HB @ ], 8 5 0 it
FEikF) 948 me/g (T8 ) , 25 T 234.75%,
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iBE R

TR B AL e LRk 24~ H 3

H, FIREG AR ARG, I 2251
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2.2

bt FE P TR AR 1 (CPR) &5, H)
A FIR A B (R, — Al TR AT H B
A RHH R ik CYP450 SEAbBiE 1, 5—
5 T FE A B AR IR S I S 5 R AR YA R
CYP [A]Jf A HcCYP87D20., %45 W, 7
tHMGR. HcOSC6 #il HcCYP87D20 15 A A -
AP, 7E 22,75 min $250H 1 AR miz
4573746 [M+H]") (K&l 6A) , 5 11-Bk%E-208-
F2H-Cuol FRifdh th e (] — 3%, H BTk 1 — 3%
(K 6B) . 25HX} B4 pEAQ-HT-DESTI1-GFP
BB IR R R B 1 1= 3E-20B-3 5L -Cuol .

3 g

Wi & AR Y Ak ) R R R, L
K 22 118 KR 245 W () A= 00 6 s 48 9 52 B s 23 5+
ARG, AR R BB Y 5 R A P 5 % E)
ATz k. HAr, #odhiik COVID-19 $it
JRE AR SE T R A, T AR e
Wo RITHEBAARRMAE Jymmsl . P RiBREw
PR ARG AL T — AN &, SR, a0
o $ e A A A P B 1 RN AR AL A e R E T
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D: MHERAS R IR RS A

A: GC-MS molecular ion peak, cucurbitadienol reference substance, HcOSC6 stands for cucumber cucurbitadienol, control stands for blank
control; B: HPLC absorption peak at 200 nm, cucurbitadienol reference substance, HcCOSC6+tHMGR stands for cucurbitadienol Enol, control
represents blank control; C: Standard mass spectrum of cucurbitadienol; D: Mass spectrum of cucurbitadienol transiently expressed in N.
benthamiana.

B 5 WERHAZHESYE GC-MS 1 HPLC 4147
Fig. 5 GC-MS and HPLC analysis of cucurbitadienol tobacco products

PHT BB ABFFE B =5 e 22— R TRk
PR b £ i B I Rk KO, RS A DO B 2 A
KOV B bz B, 0 3 A R R A A LR
IS o AR 1 BN SE DG 53, BT A
(TCHER S AT BR R AL S S K MR M A 4
JF A& T-DNA HREARMEE ) . B, 058
T 3 FiE WA AT #5417 pEAQ-HT-DEST1-GFP
FRTEA [CHHEL h ) GFP Ik IGE )T, &
¥k EHA105 7E 4 d I} GFP Eikiifm, S5HAL 2
FRE AL, EHA105 W] 683 A S0h g i A& AT B
T-DNA #4i2 . RAFHEB AL RE o 0 BB 8 WOk
SRR IR, o TRBER SR T he
S PR TR AL LU A, DT R AP A7 U 2 1A
FIRRE, MR E R EB ER & 5 EBOR T # T

JE AR IR 5 414, 5 A A A0 i
(G S B RE O, TR ) AR SRE RL ) Fe TR K
R WAk R R B BB TR 1 R,
HEBERIE, RFEARARHBA, £
J13k = v] R B RS AR 0 A BRAS . PR IE, ARAE
FEIR I A [F AR AT BB B A5 IR R A B2
1B 5 IR T — 2 Y JE IR SR TR SR B S

HAT, #%% B, E fl F AEY& B R IR
T, AR TR S AR F ISR
RWFFERT S, RS R F 5 A RS A
V2 AR RMB i FE A A58 72 AR FC R 5 56 3E 25 0
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A: LC-qTOF-MS analysis of tHMGR, HcOSC6 and HcCYP87D20 expressed extracts in N. benthamiana. The arrow indicates the specific
mass spectrum peak signal generated; ESI” is electrospray ionization positive ion scanning mode; EIC: 457.3676 is the chromatographic peak
with the extraction quality of 457.3676. B: MS analysis of 11-carbonyl-20B-hydroxyl Cuol products.
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Fig. 6 LC-qTOF-MS analysis of 11-carbonyl-20B-hydroxyl-Cuol products expressed by Hc87D20 in N. benthamiana
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