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Improving the vitamin E nutrition of
plant by gene engineering
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Abstract: Vitamin E is an important class of lipid-soluble compounds with antioxidant activities that play a ver-
y important role in plant,animal and human being. Plant is the main resource of the vitamin E. Based on pres-
enting a brief summary of the structure and biosynthesis pathway of vitamin E, the particular emphasis was
placed on the methods that used to improve the vitamin E nutrition of plant by gene engineering in this review,
This includes two complementary strategies: (i) Introducing the genes with encoding enzymes can increase the
flux through the tocopherol biosynthetic pathway to produce elevated levels of total tocols; (i) Introducing the
genes which encoding enzymes can affect the composition of tocols and make a-tocopherol the predominant
form of vitamin E,so the activity of vitamin E is elevated.
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MR E, AR EAMHTHRTEFEEHEARMF. &M
FE L0970 LA ZE L B BKEE AL | i AR L AR B2 IE (AT B
955 0 BAY SR 2% 7 B EC 9K (Alzheimer’ s disease) %5

BARRM BT EACBE 1, B8 1 1% B I8 B AL B
FEAEM B BT E AW IEXUE , 405 %
T E AL 8 15 E (Brigelius-Floh £,1999), 4k
MREH . EXBASENELERETESREY
B8, B 1F B IE R A 36T 24 M s HE AR, BR(R RO
B 2 5 I A B RE B B BE (Vertuant 48, 2004), 1E

W B . 2004-10-08 1£E B H#8. 2005-03-28

(Ajjawi %,2004), R MFTE, RREERE R
NEREE MAZets. TERATRENNS
MEHOTEATL, REMTEHBEF AN &
Rk, #EER E FE M T & SRt R4 gL
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R & TERR T, 4E A R E MRS R I,
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BE B —FpHL AN, X AT AR B sh ) i 1, BT VA R
O ERNRSE., BRI E, RRELERXRES
B Bz kR Wk, BE 1R HE Br Bk B9 BT BRI AN By ik AR TT
o ERRMNE, BEEA KRBT EESFIEE.
Hit, 4k E EENEFA TR AP AR Z M
ATFEZ A& 85 8% bk ME R ST
Wb R (B AF AR, 20035 057, 2000) ,

1 #4£FEWNEH

HE K EREBFE (toco) RNE| RMW A K DR,
MEBEREEFALEEEZNFENBHIEF S
N R AT AR 7 5 B — A B KU 6% A0 — A5 B ER AR
SLES A AL (BRK B 35 55 ,2003) . R 47 0] 85 Y g Fn AT
4k 4 F B (tocopherd, T) F1 = 4 4 B B (tocot-
rienoDFI KL, EFEHEF MMM EE; =4 4%
BEBEEANEMANEE. SEKSER P ELHAE
MALBMAE X250 8 « BY SEFEBHM a. B,
YOEHMEETH. «BUF 3 MR- -BF 2 A
HE,M-BNE IANFE, EHEYEN, FENE
AEENEER:; ZHAETHEEY D RF YDA
B R R (B %, 2004)

2 HUAEKNETBRNAKER

HEEYEL R MEBRRNERAET B
(BRFH T %,2003; § 2& %, 2004 ; Hofius %, 2003),
BIMERNBE - EAKERBEFEFRLENE
. Bk BH#E FIEHF E XK %R (non-meval-
onate pathway) = 4§ R /¥, 1% £ B B2 (isopentenyl
pyrophosphate,IPP) ., 3 4rF ) IPP ZE X4k 4 JL &
T Hif8 (geranylgeranyl diphosphate synthases, GG-
DP) & & (synthase) Y HE 4 T MUK 2878 3t 48 i 8
SR — B HE TN E AR (dimethylallyl pyrophos-
phate, DMAPP) £ T 4 i, C 89 GGDP, GGDP [
Ja 1€ GGDP &£ J& i (reductase) 1EA T , B £ E R
T RUAE B I Y 18 R0 65— it 4 B B R (phytyl-
diphosphate, PDP), 75 % ¥ L %8 3k 5 B & BE F% %
i#4% (tyrosine catabolism pathway) f %t 3% B &2/
fi FR (4-hydroxyphenylpyruvate, HPP), HPP 7E X}
¥ 5 3 T R BR XU N 4 B (4-hydroxyphenylpyruvate
dioxygenase, HPPD) 89t T & B JR B & (ho-
mogentisic acid, HGA) ,

HEBEY A B E PR HGA R BB
4 B2 5% %% B (homogentisate phytyltransferase, HPT)
HEALTF » 5 PDP R A A N » A2 AR, 2- Y -6- I 4R
FEBR (2-methyl-6-phytylbenzoquinone , MPBQ) .

HEBEBERNE =S EREMALMAL. MPBQ
£ MPBQ B # # # fiff (methyltransferase, MT) #j
BACT AR 2,3- 7 B 25-6-1 SR BE AR (2, 3-dime-
thyl-6-phytylbenzoquinone, DMPBQ)., MPBQ #i
DMPBQ 7& & & B ¥ 1t 8 (tocopherol cyclase, TC)
BT B AR - A FH. ME. & 74
BBy P R B (v-tocopherol methyl-transferase,
Y-TMT) B AT, - -4 F B o A A AR B-H o
AEH. SEME MR R RS NE 1,

3 MAXEIREGHDGRLE L
E JOR-@ Y 0

I HAEREAREXHERNKE

HECENEYHEEMmENSHEER EER
XM M EEE GGDP 4 .GGDP i [ #§ . HPT,
HPPD,TC 1 v-TMT % Z [H (Ajjawi 5§, 2004 ; BX [H
HF4,2003; B E 2, 2004; Hofius %, 2003), HRIE 4H
5 WY BETE & ROR 12 Hh B S /9 7 B AT LUK 3 26 5 [ 47
BRIKE: —~XFREMEER EMLE, B GG-
DP 4 # .GGDP & & # . HPT 1 HPPD £ &, &1{1%
BEGAY RN T EmEEE ENLE;
A—LKFTREEMGELER E RSB o« 7 BO-EFH
RIAEN &', TCH v-TMT #H, M EL#E
HRTHEPHERTEETRARSMEMEERER
EE, ERATHYMAGTFREIWETREEE
H (tocopherol-binding protein, TBP) X} a-& F By B H
BENE - NTTRIERESE S «EFH. FTUE
AEBH=FAETRT . cEFHHEREERS,
HEAEREREFFIE. XT3 MAEFTBRG.Y.&
AT RIFERIE PS5 R 5096 10%6 1 3545 - =)
EBEBMMA RN 0N, MET=ZAETHHLAN 10%
(Kamal-Eldin %,1996) ,

FEit, FIFAEE TR, TLERA T 2 &gk
BRRHMYHWEEREERMA - F— FARHE
MgELERE DBMEAHEOER RSEYHEERE
HEE:B -, FARGEMELR E HASHRX
BrHEHE R  cEFBRELAETBRPNAHE
B, AT =4 E MEE.
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3.2.1 HPPD £ H HPPD ##4k HPP JE i, HGA, 1£
MY REREE T B F D HPPD 2EH 7 LIRS A 4
HZEERNGE. BlinfEd Bk HPPD EH 1R
I+ (Arabidopsis thaliana ) 2, HPPD B 15 1 2 /0 e X
AR 10 5. TR FHROEFTREEES
R AN T 37 % F0 28% (Tsegayea %,2002),
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Fig. 1 Tocopherol biosynthesis in plants

Falk % (2003) ¥ Kk # (Hordeum wvulgare) H)
HPPD 2 H1E 35S 3 3 F 91 %1 T 7€ M E (Nicori-
ana tabacum) P B RIEK, EFR AN, EFHEFEE
PR HGA #98 BAE 3 n 10 £, M F gL K E
B & B A .

546, Rippert £ QRO TED S EREUBE R
HPPD 2 H ) B 7 S A BE& (Saccharomyces
cerevisiae ) B T % B I & B§ (prephenate dehydro-

genase) FFH , B R LU, ZHEFRELEFEK
BT RBERE, MEFAERMBEKRNYMY TFHRET
BRI =ZEETR.

3.2.2 HPT 2 B Collakova % (2003)% HPT X
HE AR ERA, FEZEUmITHARE LS,
EREREHERBERNM 59, HPT 8988
FeEFAERVEMR IS N 10 5 E BRI A BB AR
FBRIE N 4. 4 15 EF T, HPT B 75 1 b BF 4 5
MR T 4 . A F B8 E 8 B A& AR
AN 40%, Savidge % (2002)TEM B IF F ik B R EH
MM HPT W, AR EFE®RMS FH 0BT
MR EREAETR S BN INEERBRM/L,
FHERRMEEFEK KL, SN ER 0.4
~2 1.

Cahoon %:(2003) b\ K FE . /NFE(Triticum aesti-
vum ) FIK K (Oryza sativa ) FEEH T —4 HPT
KA, EHFIIAEMAMLUATE S EHN HPT R
M. ZEQRKNINES TR, CAARER %
& JLEFEFL 8 (homogentisate geranylgeranyltrans-
ferases, HGGT){EM: ., HGGT #E4L—/-F1 HPT 2k
LA BB, AR Z A7 FEMEY AR PDP, i £
GGDP., HGGT R=ZHAEFTH AR T H— PR E
B, A, % HGGT EFH S AEY W IR EEY
MWEAZEEMEE., FINENEIFTFHRTESR
BRER HGCT EH FE M Fhg AR E Gt
N 15~20 1%; TE E XK (Zea mays ) WIFh T-Fhid B %
BEXRH HGCT WEE ISR =M ET B /KM
20f5. AT B TZ2HETHARS «c L FH—H
REFH P AR, B TEE R FRTELEE
HGGT SR =44 F B K B3 0 IR B8 {# 5% L4y
MEERXRENEFRNENMEL. BR. 8T=H
HFBTERI A R HAPE LT % (Kamal-Eldin
%,1996), UL BA R K- =0 £ F B a9 5% S E
Py RT LAY R A B AR R LE T2l A 3 A 490 4 BT LA
YETIE R BT RIE R EhTEEN . A,
HEWE, =M 4EF B 7R R A 250 B Bt iF B
B — ERNEITEH (Theriault, 1999) ,

F b T B RS AR E B ER A R
i ( deoxy-xylulose-phosphate synthase) B9 3t & 3k
BEmdEH R REE AN SR EF W PP, ] L) 5|
EUEIFTFFEFTBREE 40% 5 /il (Estevez
£,2001),
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33SAREEMAEEEEANEXBRER, R
HoLsHREREEHPRAAES

BULEETBARERRESEOEE, LH -
TMT f1 TC MR EAFTH MRS REZLN . Filn
EREF P IREEE -IMT BEAF «c £ FBMHNERE
HERGSETREEMN 1K EAF 5% ~5%,5
BRI AR L, B F P A o B K- 2S00 80 5
UE. XRES S FRAEEHYARTRSEER
E 35 P 8955 — ) F 4] (Shintani 4F,1998) .

KRG (Glycine max) ¥ FHRAGRIRE a4 F
BERAURE M y4EFH. &l #H LA
(Monsanto Company) f Van Eenennaam % (2003)
BRREIFN vy IMT EESAREERFA, FHE
REMFhdBERBE . 4REN,vV-TMT gBRE
FEOSKM M- ATBMEAN AT AR
E B7E R 5 £5.

rF & R4 B 0 A B BT T B B9 BRCBH 95 46 (2003) A
LZEIRH ¥ (Brassica oleracea) P g EEB R T v-TMT
ER AERBHRETFRES TEAEEWEEN *
TMT, H AT EE#1TH X8 REHE YR 2.

A EMEIM TR ERREFHEREARR
A F (zinc finger protein transcription factors, ZFP-
TFs), al A3 v-TMT BEEE, ANTRE R T
T ot B B A9 E B (Alison %,2004)

4 HhmEE

MARETEAREYNEER EBRGLR,
AEBTAMMABEEEFRBEARKFHET
By, A BN SR AR B, B R I6 A A9 B B9 T ELIE AT LARE
RAEERE EMETRA REEER EF-GriE
MEE, XEEZD RES .8 & VIR k&M
FRSEE PR TZ BN AR, RITEE,
EHEYD T EYFENERAT RN EY AR BRI
EMREAAEFELEAREYEER EERG
FREIFE T 2 BRI E R HER .
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