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A= E MIREEE

K- Eig XEM K B4 &M ERRT
(UL K22 A i, R 6 TR 9 5 AR 1L P4 T A 5% %, KU 030006)

EHE:S ¥ |~ & (sulforaphane, SFN)2 B 7] 5 /& 3178 SCR AT M A R Z 2 —. +F 5%
HEE BN T LR A SN T2, Am-Ed L8 SN Z L ki#HLE R TH
FR. AL R PR SHYSENEE 6 LB BRI R, LA RAE 2P 5T SFNA
PRAR £ 0 F 5k RURBRAE F BB A% A IR BCATY. 4wt &4 PAS0 B ALEE 4 A 3k ) CYP79F 1 Fa 3R a4
Bt K B ESM1, A A R AR RFAFZ AR $IRFA T X, BERAT R R H 20 H4
9, 3P RAFH S AR 2 T SEN#G A B HEATILER, VA BIFRIFSENS & & 5 mit 4, Al it it 2
K ERAGRINSFNE & Ak, K4 R AW, B 69K B BCAT4. CYP79F1. ESMI1%=B-C-E(BCAT4N-
SCYP79FIN-SESM 14T ) %46 T % Lm0k A 40, BCAT4%= B-C-EA A id &L tmfi &2 F SFNA-&
HA139.742171.4 pg/g, 4 A2 2 AR i  SFNE2 49 1.7945 22,1945, £ F M 2 F(**P<0.01); B-C-E
B R iRk e % SFNA3 2 BCAT4 R B it R A e % 49 1.2342, £ 57 2 % (*P<0.05). # CYP79F1
FaESM 13t R GA tmfit % A A 2] & T2 BB AISFNA =, 42 EPTiA, % K BCAT4#) it & k3 SFN4&
W% KT CYP7IFI SESMI. % MR % B3k & A A SENA3 64 % vh s R AT T A A B it RA

KRR VEEAE B MO R, SRR RERRIL R, 41 B R PASOA LAY, M E I

Overexpression of BCAT4, CYP79F1 and ESM1 Promote
Sulforaphane Yield in Broccoli Cells

ZHANG Yougqi, CAO Haiyan, LIU Danmei, ZHANG Jinhua, FAN Sanhong, JIN Zhuping*, PEI Yanxi*
(School of Life Science, Shanxi University, Shanxi Key Laboratory of Research and Development Regional Plants, Taiyuan 030006, China)

Abstract SEN (sulforaphane) is one of the plant natural product with best anti-cancer effect at present.
Broccoli, a Brassicaceae plant, is an important material for the production of SFN. However, the yield of SFN in
brocceoli is very low, and far from meeting market demand. Previous research strategies to improve SFN synthesis
via single genetic modification in plants were not ideal. In this study, three important SFN synthesis related genes,
branched-chain amino acid transferase 4 encoding gene BCAT4, cytochrome P450 oxidase encoding gene CYP79F1
and epithiospecifier modifier 1 encoding gene ESM1, were cloned from broccoli. To get more SFN using cell sus-
pension culture, single gene introduction and triple gene serial introduction into broccoli calli were conducted

mediated by Agrobacterium tumefaciens and the yield of SFN in the transformed cell line was compared with wild
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type cells. The results showed that the target genes BCAT4, CYP79F1, ESMI and BCAT4N-SCYP79FIN-SESM1
(B-C-E) were successfully integrated with the genomic DNA of the host cell. The SFN content of BCAT4 and B-
C-E gene overexpressed cell lines was 139.7 and 171.4 pg/g, which were 1.79 and 2.19 times of SFN in wild-type
cell, respectively. And the difference was extremely significant. The SFN content of B-C-E gene overexpressed
cell lines was 1.23 times of BCAT4 gene overexpressed cell lines. And the difference was significant. However, the
overexpressed cell lines of CYP79F1 and ESM1 did not detect a higher SFN content than the control. In summary,
the overexpression of single gene BCAT4 has a greater effect on SFN content than CYP79F1 and ESM1. The effect

of multi-gene tandem co-expression on SFN content is better than that of single gene.

Keywords

epithiospecifier modifier 1

B i 2 (sulforaphane, SFN)/& H 51 B J 1 44
R IEY R —, " REFICE . i
e FLME S Mo SRR U9 e S e R A A 2
SFNI& B A fi S A4 497 (1) 6 70, ££ T A6 7 0% JR
T~ O T 92 0 5 7 T B BT B L 245 AP
H SN[ 32 ZERFE A FE I . A FEREYIA R+
SFN& & Z AR K, 7R 226 P SENIK & &
7t T AR Y, 2 HUSENIERAR JFRIPT, (H & 5L
Za ot 2 AT AR I I AN BRI 2 A UK PRI 7R,
FH AR 254 77 SENTR I AE R & IR RE, 2B iliAs gk
ol @I SR TR R K ER R A R
15 SENF= & FF AR AE 7= AR A oSt 2 —

H AT 5 78 2248 [\ 8 T+ 2 ek p) 5 = 4 40,
T, SENG R AR . & 255
B3N B IR BRI BEAE K . SENAZ L 45 1) 5 ik
AR I — R AB M . & IR AR 2 2% 1) 2
WX 2%, NSO 2 SRR i 7% i K] 4(branched-chain
amino acid transferase 4, BCAT4). BT E H 3
1(epithiospecifier modifier 1, ESM1). R fitr
5 H 3£ [K (epithiospecifier protien, ESP). 4 4 24
B FE A (cytochrome P450 oxidase, CYP79F ). fiff
FH LB FL B 2L [H] (selenocysteine methyltransferase,
SMT). W EEDARE 2 5 SR IR & B £ A 1 (methyl-
thioalkylmalate synthase 1, MAMI). S5+ RgRE A
(myrosinase, MY)%7 . B T-SFNIE K% /K, £
XTHEA) A SEN-G RSO 56 3k PR e DA v e 75 B Xt
T KT . WUSE PG BB IT 1 i 2L K] Myrosinase
NV el RKIA , SFNS & ELEF A 3N 1 4
0.921% ; YUANZE PIE G 7 i ik b i 5 iR
I E R ESP A9 SEN S B L B AR 0 S 25 ek b IR A AR 5
HUANG=E "V L A 58 1 78 = 76 1) SENG R

broccoli; sulforaphane; branched-chain amino acid transferase 4; cytochrome P450 oxidase;

FHH, B SMTAE VG = e it RIK, 75 & MRS %
FE R AR ) SEN & & LU EF AR R N 17 29 0.52% . X
S B — 5 [R] 4036 42 R R A SEN 2 1) K s B AN [ A2
FE B4 TR SENAE R, (R IR A AR . HE itk
HEM, SENG A% AR AE 2 AN BB R (1 BLAR, [A]
I 5% 2 AN DR EAT 183 4% Ui, 7T R A2 3RS SEN & &
R AR BOE R . AT FUIE E TE e
3k SIS R[] BCAT4. CYP79F 11 ESMI{E
IR G . BCAT42 78 22 48 i R & R & il SFN
5% R BRSEE fl 1Y; CYP79F 1 1 85 5 SENAZ 45 1)
B A N-F2 A0 OB, 1% %N A A R SEN ) B 7
SNz — B ESMI AT S N G e A
SENUBI, Syt — B4 vl 2= fE b SENF i, A SCK
DL 3%h SENA B IH S JE K] BCAT4. CYP79F 1
ESMIAE PG 22 18 455 20 43 rp ot 3Rk Fn A R L 38
ik, K SRAS L AL & SENF &, L3RS SFN
TEREEMNER R, AR HRRRER A
SFNZLE B o

| MRS
1.1 #H

PO AE R RO =5 Fh-7 I E R A A TR
ANE] PEE AR RS S SRR, SRR I
J7i, T MSERFRES,  FFINIEY IR 2 mg/Li 24-—
SRS LR (2,4-dichlorophenoxyacetic acid, 24-D)f11 mg/L
[ 6 JENE04 (N-phenylmethyl-9H-purin-6-amine, 6-BA) ;
PIPRLBA4404 A SLH 2 {77 XF-350( 7 pCAMBIA2302
B A ERE B 5 R B AR EEE T E e X
BFF O3 R RSB B A AR TR (i et
HIRAF] ; 22308 B B A 50711 52 Hieff Clone Plus
Multi One Step Cloning Kith) | _FiERH AR A TR A
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Table 1 The primers of genes

EIE/EZ S SR HI(5'—3")

Primer name Primer sequence (5'—3")

BCAT4-F GAT TAT GCC GGA TCC ATG GCT CCT TCT GCG CTATC
BCAT4-R GTG GCTAGC GAATTC TCAAAGTTT CAACCCTGGTTTG
CYP79FI1-F GAT TAT GCC GGA TCC ATG ACAATG TTG ATG AGC CTT AC
CYP79FI-R GTG GCT AGC GAATTC TCAAGG GCA GAATTT TGG ATA AA
ESMI-F GAT TAT GCC GGA TCC ATG GTA GGA AAG TGT GAT TTG G
ESMI-R GTG GCT AGC GAATTC TCA TCC AAT TAAATC AAG AAG CC
BCAT4N-F TAC GAT GTG CCT GAT TAT GCC

BCAT4N-R ATC TAG CCG ATG GAC CCC GAT CTA GTAACATAG ATG A
SCYP79F IN-F GTC CAT CGG CTA GAT CAT GGA GTC AAA GAT TCA AAT AG
SCYP79FIN-R GTC AAT GGA GTC AGC CCC GAT CTA GTAACATAG ATG A
SESM1-F GCT GAC TCC ATT GAC CAT GGA GTC AAA GAT TCA AAT AG
SESM1-R GTG GTG GTG GCTAGC GAATT

BoActin-F TCT CGATGG AGG AGC TGG TT

BoActin-R GAT CCT TAC CGA GAGAGGTT

CX0338 GCAAGA CCCTTC CTC TAT ATAAGG A

CX0454 TAT AAT TGC GGG ACT CTAATC A

) BRI DIEEIY ENEBAL A BRA ] .
1.2 B RIEERARIDE
12.1 BCAT4. CYP79FIAESMIA R %%  ifid Trizol
AR A R 22 A6 -L H IS4 ERNA,
#%-cDNA; Hi4EEK BCATAGenBank No.XM013728260.1).
CYP79F1(GenBank No.MG012890.1). ESMI(GenBank
No.XM013728577.1)i] CDS(coding sequence)f¥ #1545
SV DI TPCRY 1Y .
122 #dkegtg  FEEPRERM R EE: (5 PR
4 N P BamH TH1 EcoR TN #4& XF-3503E 17 H 1L,
I 42 R AR 22 107 & Ligation-Free Cloning Sys-
termist I HEAT A

R S AR AL A A R
25Uk XF350-BCAT4. XF350-CYP79F1. XF350-
ESMIVERAR , PCRY B4 FRIAHE )y BCAT4N(BCAT4+His
tag+Nos 3'UTR). SCYP79FIN(CaMV 35S+HA
tag+CYP79F [+His tag+Nos 3'UTR). SESMI(CaMV
35S+HA tag+ESMI)(ZR 1), 15 F BRI P DI B BamH TR
EcoR DA #A XF-3501 AT AL, 1= R A giak7m) &
Hieff Clone Plus Multi One Step Cloning Kt} B3
HEATHRAE
1.3 A= S MAnEE (L FniFik

DL Rl v ok = 2H R B Ak B AR O R AT A
LBA4404; 2% Bhalla% 177772 "7, @i A AT 1872 5%
P A0 B ARG M, B LA O 7E 7 300 mg/L& R
% (ampicillin, Amp)5 50 mg/L K H & &K (kanamy-

cin, Kan)IMSH; #: 5 E4kACREF73~4IR(15R/IK), 3k
AHKanPr LA A .
1.4 [AMZHpELEE
141 #HE@mRPCREZ 7 HIFEHU (20 Fl
7 A= R YI B A 3L R 41 DNA, R #8044 514 (CX0338/
CXO0454) 0 LR i AL A M E AT PCRY 1 %55, FIH
H B %L A 45 7 5190 (BCAT4-F/BCAT4-R. CYP79F1-
F/CYP79F1-RA1 ESM1-F/ESM1-R)% 22 Jik K| 4% Ak, 4]
Mt AT PCRY ™ 14 4 7€ o
142 A I0ART-PCRAEN] 7 ll$EEPCRH P
Y5 B AR TR ) S RNA, [ 5535 i cDNA ZE —4i
F H 3L K 51 %) (BCAT4-F/BCAT4-R. CYP79F1-F/
CYP79F1-RAIESM1-F/ESM1-R)i#47RT-PCRA& .
1.5 £ MRZERRBEEENE

B AR 2 W SCHRZHANGEE i FH 1) J7 R4 UG
RGBS ARAE ML B N B ER IR v OB € T A
¥ MRREEE.
1.6 SitFESH

18 L SPSS 17.0% 1 3F AT H 4 b 22 55 5 R 3%
ANOVAZ> #r, 52 Br 48 35 N3k B B Hxts R IR,
Duncan’sill 46 73 M1 2. 25 P, *P<0.053% 7/~ B A &M
ZE 5, **P<0.01 RN B AWREEEER.

2 R
2.1 FFREH AR
S B T P 24 1 41 R SENG B A 5 3 A [
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FKikg, TATME T SENEG AR KL E CYP7IFI . LTI AT %08, 4R LB 1A~E] 1C(BCAT4)y
ESMIF1 BCATA4M) 53 K 1 R 3k 44k M1 BCAT4N- Ht & EcoR TGYIAL R, 2RI 947 bpHI v BL). Ml
SCYP79FIN-SESM1(B-C-E) = JE X 5 Bt L A % FFEE RS2 2% 5 o BRI R T . DA 3N FL ik
Ao [RIRE A 1 7 S i R (B 1D), e KT EAL 1) 3 2 38 R RSEAR , 43 9 1415 3 BACT4N
i DH5a, B PCRYEEFITERE M, AR EA R SCYP79FIN. SESMIFEKERR Sy, A& K H R

(A) ©)

bp M 1

15 000
10 000

7500
5000

2500

<—1.6 Kb
1000

1 000

(D)
T-border (L) T-border (R)

CaMV 3'UTR Kanamycin CaMV 35S HAtag

BCAT4 Nos 3'UTR CYP79F1 Nos 3'UTR ESM1

His tag CaMV 35S HAtag His tag CaMV 35S HAtag
(E) (F)
b by
Py 1 2 3 P

i
7500

5000 7500

<—2.5Kb 5000

2500 «—18Kb

<—1.4Kb

2500

1 000

1000

250

A~C: B RIXF350-ESM1. XF350-BCAT4. XF350-CYP79F 1) BamH LRI EcoR DRUEY) %52 ; D: HA TR XF350-BCAT4 XF350-CYP79F
XF350-ESM1. XF350-BCAT4N-SCYP79FIN-SESM1 T-DNAX 875 & & ; E: BCAT4N(BCAT4+His tag+Nos 3'UTR) PCRI 2% 77 (VK 1).
SCYP79FIN(CaMV 35S+HA tag+CYP79F I+His tag+Nos 3'UTR) PCRY 1§ 2% (WK 12) SESM1(CaMV 35S+HA tag+ESM1) PCRY™ 2% 1 (VkiE3);
F: [R#$44: A VIBEBamH THIEcoR T} # 41 R XF350-BCAT4N-SCYP79FINGKI& 1)\ XF350-BCAT4N-SCYP79F IN-SESMI(iK&2) B VI % 5E . M:
DNAZ T EHrid.

A-C: digestion of recombinant vector XF350-ESM1, XF350-BCAT4, XF350-CYP79F1 with BamH I and EcoR I; D: diagram of T-DNA region in
XF350-BCAT4, XF350-CYP79F 1, XF350-ESM1, XF350-BCAT4N-SCYP79F IN-SESMI recombinant vector; E: amplification of BCAT4N (BCAT4+His
tag+Nos 3'UTR) (lane 1), amplification of SCYP79FIN (CaMV 35S+HA tag+CYP79FI+His tag+Nos 3'UTR) (lane 2), amplification of SESMI (CaMV
35S+HA tagt+ESM1) (lane 3); F: digestion of recombinant vector XF350-BCAT4N-SCYP79FIN, XF350-BCAT4N-SCYP79FIN-SESM1 with BamH 1
and EcoR 1. M: DNA marker.

Ell FJHFRRAERNEETILE

Fig.1 Construction and double restriction enzyme identification of recombinant vector



KM FEEE: BCAT4.CYP79F I FIESM I FiA 2 S v 2 e i 2y MR & & 83

$i XF-350(]CaMV 35S. Nos 3'UTR. His tagflHA
tag, K/Nr %41 442 bp. 2 587 bpAil1 820 bp(/
1E), [y 5 21 #) g 3 DR Hf B Ak, e A K W AT o
DH5a)5 , B PCR&5E BHE B bk, H1 20 ook A A XY
BT %02 (EF), kel BRI, BElskm Kb
E# . TSRS SHFHI T ToR, BRI AR
e
2.2 FHEEMBEDNAS FKFM

T B IE H 2 R A 5 1 T A 2
4 DNARINRE G, FRATTHRICT $0 1% 40 it 1) 2 R 41
DNAJEHEAT HAR SR O PCRY Y . 45 SR B IR, ]
AR TP (CX0338/CX0454), ¥ ESM1. BCAT4#
CYP79F T2 22 T 47 34 H A0 R KN () B A2k s (B
2A~E2C); % B-C-E4 A H H B EE B 51 9 a7 [7] i
I =4 H bR 61T (K1 2D); BF A 7Y 5 [ 0t e
KA1 W 5 W20 R W EE 20 5B T-DNA 5 15 £ 40
PR f S DR 2 B
2.3 FHEREYREE RN

NERAIE B I DR 15 RE S 75 1 32 40 i N AT
FESRIRIE, 43 BIFRHN 2.2 % 7 PH M 40 e 55 A= 25 4 i
[FERNA, i 5 cDNA 2 — 851 AR, RT-PCR

(A)

bp M 1 2 3 4 5

FrIN B B BE PR FE T 2 4 N B FRIA R . S5 SRR,
ESMIFKN#EESM1-1. ESM1-8FIESM1-12 3/ 4 ity
ZA U BT B Rk (E3A), BCAT45: F/EBCAT4-
1.BCAT4-2+ 5 B & 1t 3Rk (BI3B), # CYP79F 111
KU R, CYP79F1-1. CYP79F1-2HICYP79F1-3
H FIEE A IE % R IA(E3C0), #B-C-E41B R =1 HI
B DRI 8 H B AR R SRR (EI3D) . 25 H AL BH 1 4
il & W &4
2.4 HEFRMENE MIRIER

N EO R 4 B T TR A M R 5 B AR R A R R
SEN& &, i m R AH i (high performance liquid
chromatography, HPLC)X} %™ % 5 K 4H it 5 [ SN2
TR . B SEERER, # B-C-EAf SENS &2
171.4+8.8 pg/g, AEBFA R 2.196% (P<0.01); ¥% BCAT441
M ZH, BCATA-11 SENT &M 117.6+3.4 pgfg, £&H AR
1) 1.50% (P<0.01), BCAT4-2(1) SEN &4 139.746.2 pg/g,
B AR 1,795 (P<0.01); ¥ CYP79F 141 %
CYP79F1-1. CYP79F1-2H1CYP79F1-3f] SEFN % &
IrHIN61.3+4.8, 64.7+8.3F175.8+5.1 ng/g, ¥ ESMI
Yl ZHH ESM1-1. ESMI1-8H1ESM1-12ff] SEN& &
GYAINT2. 7417, 77.23+1.58167.47+4.4 png/g, Hi

7 8 910 11 12 13 14

2000
750

B) pp M 1 2 3 4

2000 2 == cxs —
1 000 8
7505

©) b M 1
2 000

1 000
750

(D) bp M1 2 34 56 7 89 101112 13 1415 161718 19 20

2000
1 000
750

2000

1 000 7
750

2000
1 000
750

“— ESMI

«—BCAT4
—CYP79FI

A: BESMIFUPEAAR(1~12). BFARIRTIE(13). ddH,O A B XTI (14); B: #BCAT4HiE4MI(1~9) BFARIGHIE(10). BIPEX I (ddH,0)(11); C:
HCYP7IFILIEANE(1~9) B4 BIXT IR (10)s [T IR(AdH,0)(11); D: #B-C-EHPEANE(1~18). BFA RIXFHE(19) BHPEX]HE (ddH,0)(20). M:

DNAZF &R,

A: the resistant cells of ESM1 transformation (1-12), WT cells (13), 14: negative control (ddH,O) (14); B: the resistant cells of BCAT4 transformation
(1-9), WT cells (10), negative control (ddH.O) (11); C: the resistant cells of CYP79F I transformation (1-9), WT cells (10), negative control (ddH,O) (11);
D: the resistant cells of B-C-E transformation (1-18), WT cells (19), negative control (ddH,O) (20). M: DNA marker.
E2 MMAEAZLHABEPCREE
Fig.2 PCR identification of the resistant broccoli cells
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©

D
@) 14 WT
CYP79FI

A: ESMIEARSLEAIN(1. 8. 9. 12), BF/ERLNHI(WT); B: BCATA5EALHi k4 (1~3), B A BILM il (WT); C: CYP79F AL M (1~3), ¥F4E

HYNHI(WT); D: B-C-E¥ AT A0 (14), BFAE B0 H(WT).

A: the resistant cells of ESM transformation (1, 8, 9, 12), wild type cells (WT); B: the resistant cells of BCAT4 transformation (1-3), wild type cells (WT);
C: the resistant cells of CYP79F 1 transformation (1-3), wild type cells (WT); D: the resistant cells of B-C-E transformation (14), wild type cells (WT).
E3 FEE = HMAEHIRT-PCRAZN
Fig.3 RT-PCR test on the transgenic broccoli cells

BRI 2w T TR SEN & &

3 g

BN E AR — R A P A A AR AR
PR, BB R . KA ) DR R RN A K B B T
J& R MASFN P Y 7 2 1 2 B R R0, R Ak
KPR 85 DR 2R 0 SEIN 7 8 52 1) 4, i — /> 7 B {1 48k
THEMEE AR R MR A2 ) A
M8 . 2010 XUESEP I8 17 6o 6t 75 24
A H 2 SENE & (W52, R ML R
SFNF & /& H 6 46 4F T 191.081%; 20174 AZADEH
SFEPIE S T NaCIUF K A B X P8 = 16 28 1 SENA
S, % B 160 mmol/LA{NaCl5 100 pmol/L7K #

(D) - ®

A: B-C-E=SE N SRR AL AIML R B: BCATE KN 2R 1; C: BCAT4F AL AN 3R2; D: CYP79F IR R ; E: ESMIFE AN .

A: B-C-E transgenic cells; B: BCAT4 transgenic cells-1; C: BCAT4 transgenic cells-2; D: CYP79F [ transgenic cells; E: ESM1 transgenic cells.
B4 HEEEZEMEE

Fig.4 Transgenic broccoli cells

PR AL R TG 22 04 2F n $E RSN & & . 10 — 26K
T2 = HEAISENHT R4 i % b it 1 (glucoraphanin,
GRA)® & 1% 38, W120074EHANSENZ521% GRA
A A G 1) 3 2R 0 4G 2 I FMO-GSOXIAT 1)
T RIE G, HEARGRAS & LB AR N 75
%5 20159 ECAOSE N Pl 22 {8 HH GRA A U AH 5% 2 [A]
CYPS3AIFE N F ¥ o i ik, (HHPLCHA A6 il £
GRA® 1 2. 321k, i T SFNASZGRAME — 14X
W=, MGRAR & & BT il BCNSFNE 242
T H i B AR A R BRI,

T L DR £ 07 1, BCAT4 92 3 A R e o
9 0 5 K X R 2 5 SENG IR S S JE IR, 7 24 78
I SENU % 2 B H B 2 R 2 5 & W, T BCAT4
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180 T
_ 160 2
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S 120 -
-
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£
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b= T T
3 60 o
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0 @' é} { (\l, T T T L T :\/
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9% &b‘ &u Q\ QV Q\ \ Y N
< b b N S S S SN
%Q Q)Q Cﬁ é N Cﬁé\ (9% Q‘:’ ‘(»%

HPLCA SIS N 36 EI(A~F). A: FRih(20 ng/mL); B: WT4HM R ILEA; C: B-C-EFE 3L 41 RIZHY); D: BCAT4-255 5L R 41 5
FLEU; E: CYPTOF 1246 SE N 41 i RPLHA); F: ESMI-1553E AN RAEHA; G: SR NN RS MR & RARE S N RbrAE 2 115D,

P<0.05; **P<0.01, SWTAItL . MREOFLPIRALACRE MIRZ 0 RIE
A-F: peak map of authentic sulforaphane (20 pg/mL) (A) , the extracts from
CYP79F1-2 transgenic cells (E), ESM1-1 transgenic cells (F) was identified

WT cells (B), B-C-E transgenic cells (C), BCAT4-2 transgenic cells (D),
using Agilent 1200 HPLC system; G: The sulforaphane yield was deter-

mined according to standard curve of authentic sulforaphane. “P<0.05; **P<0.01 compared with WT. The black arrows represent the peak correspond-

ing to sulforaphane.

Es5 #EFRAZHMEE MRS ERN

Fig.5 Detection of sulforaphane yield in transgenic broccoli cells

767G 22 46 vh 30 A BSENAI % 1) v flE A 20, 2
X — G B4 IR BRI J0LRE TT BCATAI) R %
g, WS FSFN ) KM@ Jk /DU, CYP79F 172 40 i
0 ZKPASOSE AV I 4 1 35 (K K % vh 2 5 SFNA K1)
HEILK, CYP79F] £ B2 5 SENZ O 45 /) & Bk

(PIN-F2 Ak s B2, o mT A Ak — w7 FF 6 24 2 (dihomo-
Met)2E fi5-F B 56 i M5, 72 A AGSFENIT) B 32 J o7
Z—o CYP7IFIAERTA I+ 01 2 e i A 25 i
BIRIK, B e T HRAC I CYP79F T 5 5878 4 52 4 ik

%)
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T 1§ (sulforaphane nitrile, %A PUIE ), T =48 K
ESP& Al LFR S 2 BB IE IR A, (673 GRAR
FEY) A SENFIT o LU B A, BRBRAE 1 B 1 B L ESM T
()2 1A AT DA R T 1 9% B 2 9 12 1ESFN
T BRI, SENA OS5 B 10 52 Z () B 15 )
4, TEZ AT A CHGE B, ATt R E 2 e —id
RIEEAFF B HAG IR AESFNMRE S, —HEH
SRR R . 2 A5 R B I R A 0 T iR
FISFNE ®NIZ R —MER Z RS E. Hal2 5
R L RIS TR 3R A IR AE AU =
LA RIE, B WRAVANELLOZSP S 2K % N &
(carotenoid) & UAH < FE Kl ertB crelfllert YAE i =&
HRIE, KT N RS2 BRI T 2065; RA-
CLARUZEPVK 1L 5 7+ vb 4 42 K E(vitamin E) & A
KIEHpdsl hpt] Fvee {530 =% HL3RIE, 3L DR AH
PRI vitamin B & LU EF AR RIS I 12465, 4555,

H AR 22 1 90 0 A2 ARG 7= 4 100 2B 72 #1834
i 2R KB B FR A N AR S S A%, 8] i [l Samyang
Genex A 7] T FHE ) At i K B2 15 7R S T 5802 1
(v Ak A p= T — S E B G A NS T
WS, Wk KECSHED AN M 2812 BTh 2,
AT A5 FH 1 = 40 K B B R4 D AR ) S I 2 k5
PLSFNK &4 77 N H AR K1

Rtk — it SENF &, A EE BCATS,
ESM1. CYP79F1VLJ% B-C-E( =3P 5 BL2H 4
P SRk Bk, 8 I i A% B b S B P O I 1S B B
BRI VG 22 fE A i &R, ik R0k BCAT440 M & SENE
N 139.7 pe/g, &R A TN R I 1.794% , UEI 2
Kl BCAT41) 5 N\ Re % 5l 25 B2 1= 78 = A6 40 i 1) SEN &7
&, HESFNG U R IEEZAEH; R ESMI Y
CYP79F 1 F.— 1 Rk (A R H) I3 A R 2 &
Xof HEF) SEN B i, X AT 2 F Tt AL 34k e B 12 A
T J25 DR 2H B 5 ) o B N BRI, AT RE A2 T
'EANTE SENG S HAFAE BAE A IE BT, SR
— ik FIA I B BEAN B R AN B R s SENI
&, JdFRIAB-C-EA & SN E N 1714 pg/g, =&
PP TN R 11 2.196% , & BCAT4HE R i Rk i &
[ 1.2345%, H SENF &1 2 18 = RIS UL 2 SE A
I LR IA X SFN B 5 [ 52 M 250 T F AN SR DR 1 ik
Tk, MTF M RE—ANEEE, k24
SRR R P L3RR 10 77 V25 S A4 SEN & &
HAERE,
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