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Table 1 Sulfur-rich proteins
Protein MW/kD Source Author and year
20 90 12 Nicaud et al ° 1994
10 Teuber et al © 1998
3 Kelly et al 7 2000
11.3  Cereus jamacaru mill ~ Aragao et al ® 2000
1 21 Chui et al ® 1995
53 Krishnan et al ' 2000
28 10 Odani et al "' 1998
s Tai et al 1999
25 a1l et a
Lys Trp
Met Cys 23 Cereus jamacaru mill
Bertholletia excelsa 2S Bn2S Cys
Lys 4 8% Met 18% cDNA
13 14
Brassica napus ™" 14 16 17
18
Molvig " Met
1.1 Met 94 %
2001-09-24 2002-02-25
No. 983113008
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382 18
Lys 20
Lys cDNA De Clereq " 28 Met
PCR 2S
Southern AT2S1 Met
13 Tl Lys 3 Lys 3
10% 2 Met 28
Lys 16% z 1% 2%
Psophocarpus tetragonolobus L. DC Lys Paradise nut 2S Pn2S
ubiqutin Met 16mol% *'  Zuo *  Pn2S ¢DNA
PCR  Southern Cys-6 Cys-7
Lys 19mol% 21mol%  23mol%  Met 3 c¢DNA
16.04% 3
DNA
DNA Ustumi ~ *
potatin AL By,
DNA ¢DNA IV + 4Met V + 4Met
Lys ?
24 25
DNA Potatin
IV+4Met  V + 4Met
13.65%
14.9% * Tu " Met Met19mol %
DNA ¢DNA  CaMV35S
45% 1.76 Russet Burbank
10 115
70% 0.01% 0.2%
1/4 172
Shaul  Galili 7 E. coli 28 Met
DHPS CaMV35S 1.3
DHPS 25 DNA
DHPS Lys Yang *
Lys 15 292bp 80% DNA
Glassman * HEAAE-DNA CAT -HEAAE
Lys 354pg Lys/g CAT-HEAAE
30 000pg Lys 0.02% 0.35%
Falco * Corynebacterium dapA DHPS AK
LysC
canola canola 2
Lys 100 Lys 2.1
1999 Goto ¥ 90
GluB-1
3 34 35
1.2
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Shimada ¥ PPi  Sonnewald * E. coli
Waxy PPi
Terada 7 Waxy Waxy Martineau ~ *
I-KI T,
Wi SAR
5% ~30% 50% ~90%
2.2
-6- UDPG-
-6- Worrell - 3
1 6- - -6- 2
2
Table 2 Molecular biological studies of lipid enzymes and genes
Enzymes and genes Cultivar Subject Author and year
ACP- E. coli Voelker et al #1994
ACP- cDNA E . coli Dormann et al ¥ 1995
16 0-ACP- Jones et al ¥ 1995
- - 3 cDNA Knutzon et al ** 1995
Limnanthes alba Lassner et al ® 1995
FatB1 California bay E. coli Yuan et al * 1995
Knutzon et al ¥ 1999
AtFABI Dormann et al ** 2000
3- -ACP O Hara et al ¥ 2001
Y- Sa-
yanova VAN ¢DNA
Y-
3.1
Knutzon % Bassica rapa 3.2
-ACP c¢DNA FAs 16 18
RNA 8 14
40%
1.2% Voelker ~ * caprate 10:0 12:0
Umbellularia californica
40% 12:0-ACP cDNA cD-
NA
12:0-ACP
70 18:1-ACP
14:0-ACP
Y- 7

Reddy ™ 26 © hERSEEAE M RFTATIB S B http://journals. im. ac. cn
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18

54 55
56
Wang 7 Es-
cherichia coli
DNA

Met Nordlee ™ 2S
Nordlee 2S
REFERENCES

1 WANG Z H SHU QY XIAY W

Advances in the study on the improvement of rice through gene engi-

neering. Biotechnology Information 1999 15
2 5-~8

FAO. FAO Nutritional Studies

logical data on proteins. 1970 24 1~ 285

Yamaguchi M. World Vegetables. M Yamaguchi Ed  Westport CT

AVI 1980

Amino-acid content of foods and bio-

Nelson O E. New approaches to breeding for improved plant protein.
Proc of a panel meeting organized by FAO/IAEA  Sweden 1968
Nicaud ] M Raynal A Beyou A et al. Stabilization of methionine-
rich protein in Saccharomyces cerevisiae  targeting of BZN protein into
the peroxisome. Curr Genet 1994 26 5-6 390 ~ 397

Teuber S S Dandekar A M Peterson W R et al. Cloning and

sepuencing of a gene encoding a 2S albumin seed storage protein pre-

10

11

12

13

14

15

16

17

18

19

20

21

28 E ARG W57 7 BT INGEN X 45 30

cursor from English walnut  Juglans regia  a major food allergen. J

Allergy Clin Immunol 1998 101 6 807 ~ 814

Kelly ] D Hefle S L. 2S methionine-rich protein SSA  from sun-

flower seed is an IgE-binding protein. Allergy 2000 55 6 556 ~

560

Aragao T C Souza P A Uchoa A F et al. Characterization of a me-

thionine-rich protein from the seeds of Cereus jamacaru mill ~ Cactace-

ae . Braz J Med Biol Res 2000 33 8 879 ~903

Chui C F Falco S C. A new methionine-rich seed storage protein

from maize. Plant Physiol 1995 107 1 291

Krishnan H B Jiang G Krishnan A H et al. Seed storage protein

composition of non-nodulating soybean  Glycine max L. Merr.

and its influence on protein quality. Plant Science 2000 157 2

191 ~ 199

Odani S. Isolation and primary structure of a methionine- and cystine-

rich seed protein of cannabis sativa. Biosci Biotechnol Biochem

1998 62 4 650 ~ 654

Tai SS WuLS Chen E C e al. Molecular cloning of 118 globulin

and 28 albumin the two major seed storage proteins in sesame. J Ag-

ric Food Chem 1999 47 12 4932 ~ 4938

Gander E' S Holmstroen K O De Paiva G R et al. Isolation cha-

racterization and expression of a gene coding for a 2S albumin form

Bertholletia excelsa  Brazil nut . Plant Mol Biol 1991 16 3

437 ~ 448

De Clercq A Vandewiele M Van Damme J et al. Stable accumula-

tion of modified 2S albumin seed storage proteins with higher methi-

onine contents in transgenic plants. Plant Physiol 1990 94 3

970 ~ 979

Guerche P De Almeida E R Schwarztein M A et al. Expression of

the 28 albumin from Bertholletia excelsa in Brassica napus . Mol Gen
Genet 1990 221 3 306~ 314

Saalbach T Pickardt T Machemehl F et al. A chimeric gene encod-

ing the methionine-rich 28 albumin of the Brazil nut = Bertholletia ex-

celsa HK B is stably expressed and inherited in transgenic grain le-

gumes. Mol Gen Genet 1994 242 2 226 ~236

Tu HM Godfrey LW Sun S S. Expression of the Brazil nut methi-

onine-rich protein and mutants with increased methionine in transgenic

potato. Plant Mol Biol 1998 37 5 829 ~ 839

Nordlee ] A Taylor S L. Townsend J A et al . Identification of a Bra-

zil-nut allergen in transgenic soybeans. N Engl J Med 1996 334
11 688 ~692

Molvig . Tabe LM Eggum B O et al. Enhanced methionine levels

and increased nutritive value of seeds of transgenic lupins  Lupinus

expressing a sunflower seed albumin gene. Proc

Natl Acad Sci USA 1997 94 16 8393 ~ 8398

ZHANG X J LIUJQ ZHAO Q

Transfer of high lysine-rich gene into maize by microprojectile bom-

angustifolius L.

et al.

bardment and detection of transgenic plants. J Agricul Biotech
1999 7 4 363 ~367

AOGM YUJJ
Transfer of High Lysine-rich gene into maize inbred lines and the de-

SUN X H et al.
tection of transgenic plants. J Agricul Biotech

2001 92 156~ 158
httBHEN&®ithals. im. ac.en



385

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

al . Transfer of Lysine-rich protein gene into rice and production of
fertile transgenic plants in English . Acta Botanica Sinica

2001 435 506~511
jy ZHOU G Y XU'Y et al . The
content analyses of crude protein amino acid in rice seeds induced by
exogenous DNA from soybean. Bulletin of Botanical Research

2000 20 2 189~ 194
LIyjy XU'Y ZHANG W

analysis of the crude protein contents and amylose contents in the off-

. The correlation

springs seeds obtained by introducing exogenous DNA of soybean into
rice. J Shanghai Teachers Univ Natural Sci
1999 281 89~93

HONG Y H XIAO L T DONG Y Y

. Rice strains containing high protein obtained by introducing corn
DNA into rice. J Hunan Agricul Univ
2000 26 1 28~30
LEI BJ QIAN H

ing of a high -yielding high-quality and high -protein content soybean

LIXxXc et al . Breed-

Cultivar-Heisheng 101 through direct introduction of alien DNA. Acta
2000 26 6  725~730
Shaul O Galili G. Increased lysine biosynthesis in tobacco plants that

Agronomica Sci

express high levels of bacterial dihydrodipicolinate synthase in their
chloroplasts. Plant J 1992 11 2 203 ~ 209

Glassman K F. A molecular approach to elevating free lysine in
plants. Biosynthesis and Molecular Regulation of Amino Acids in
Plants. Singh B K Flores H E and Shannon J C Ed ASPP 1992

Falco S C Guida T Locke M et al. Transgenic canola and soybean

seeds with increased lysine. Bio/ Technology 1995 13 6 577 ~
582
Goto F' Yoshihara T Shigemoto N et al. Iron fortification of rice

seed by the soybean ferritin gene. Nat Biotechnol 1999 17 3
282 ~ 286

Zuo W N. Sulfur-rich 2S proteins in Lecythidaceae and their methi-
onine-enriched forms in transgenic plants. Ph. D thesis University of
Hawaii-Manoa 1993

Utsumi S Kitagawa S Katsube T et al . Expression and accumulation
of normal and modified soybean glycinins in potato tubers. Plant
Science 1994 102 1 181 ~ 188

Yang M'S Espinoza N O Nagpala P G et al. Expression of a syn-

thetic gene for improve protein quality in transformed potato plants.

Plant Sci 1989 64 1 99~ 111
BAO J S . Gene engineered improvement of crop starch
quality. Acta Agriculturae Shanghai 1998 14
1 90~96
XU JwW LIXG ZHU 7 . Manipulation
of starch quality via genetic engineering. Biotechnology Information
2000 16 1 11~18

Shimada H Tada Y Kawasaki T et al. Antisense regulation of the
rice waxy gene expression using a PCR-amplified fragment of the rice
genome reduce the amylose content in grain starch. Theor Appl Genet
1993 86 6 665~ 672

Terada R Nakajima M Isshiki M et al. Antisense Waxy genes with
highly active promoters effectively suppress Waxy gene expression in

transgenic rice. Plant Cell Physiol 2000 41 7 881 ~ 888

38

39

40

41

42

43

45

47

48

49

50

51

52

© h EHEETRHIONTH 7 BT 2T B S SR B A0

Worrell A C Bruneau ] M Summerfelt K et al. Expression of maize
sucrose phosphate synthase in tomato alters leaf carbohydrate partition-
ing. Plant Cell 1991 3 3 1121 ~ 1130
Sonnewald U. Expression of E. coli inorganic pyrophosphatase in
transgenic plants alters photoassimilate partitioning. Plant J 1992
112 571~581
Martineau B Summerfelt K R Adams D F et al. Production of high
solids tomatoes through molecular modification of levels of the plant
grouth regulator cytokinin. Bio/ Technology 1995 13 6 250~ 254
Voelker T A Davies H M. Alteration of the specificity and regulation
of fatty acid synthesis of Escherichia coli by expression of a plant me-
dium-chain acyl-acyl carrier protein thioesterase. J Bacteriol 1994
176 23 7320 ~ 7327
Dormann P Voelker T A Ohlrogge J B. Cloning and expression in
Escherichia coli of a novel thioesterase from Arabidopsis thaliana spe-
cific for long-chain acyl-acyl carrier proteins. Arch Biochem Biophys
1995 316 1 612~618
Jones A Davies H M Voelker T A. Palmitoyl-acyl carrier protein
ACP  thioesterase and the evolutionary origin of plant acyl-ACP thio-
esterases. Plant Cell 1995 7 3 359 ~ 371
Knutzon D S TLardizabal K D Nelsen J S et al. Cloning of a coconut
endosperm cDNA encoding a 1-acyl-sn-glycerol-3-phosphate acyltrans-
ferase that accepts medium-chain-length substrates. Plant Physiol
1995 109 3 999 ~ 1006
Lassner M W Levering C K Davies H W et al. Lysophosphatidic
acid acyltransferase from meadowfoam mediates insertion of erucic acid
at the sn-2 position of triacylglycerol in transgenic rapeseed oil. Plant
Physiol 1995 109 4 1389 ~ 1394
Yuan L. Voelker T A Hawkins D . Modification of the substrate
specificity of an acyl-acyl carrier protein thioesterase by protein engi-
neering. Proc Natl Acad Sci USA 1995 92 23 10639 ~ 10643
Knutzon D S Hayes T R Wyrick A et al. Lysophosphatidic acid
acyltransferase from coconut endosperm mediates the insertion of
laurate at the sn-2 position of triacylglycerols in lauric rapeseed oil and
can increase total laurate levels. Plant Physiol 1999 120 3 739
~ 746
Dormann P Voelker T A Ohlrogge J B. Accumulation of palmitate
in Arabidopsis mediate by the acyl-acyl carrier protein thioesterase
FATBI. Plant Physiol 2000 123 2 637 ~ 644
O'Hara P Slabas A R Fawcett T. Fatty acid synthesis in developing
leaves of Brassica napus in relation to leaf growth and changes in activ-
ity of 3-oxoacyl-ACP reductase. FEBS Lett 2001 448 1-2  18~22
Knutizon D S Thompson G A Radke S E et al. Modification of
Brassica seed oil by antisense expression of a stearoyl-acyl carrier pro-
tein desaturase gene. Proc Natl Acad Sci USA 1992 89 7 2624
~ 2628
Reddy A S Thomas T L. Expression of a cyanobacterial delta 6-de-
saturase gene results in gamma-linolenic acid production in transgenic
plants. Nat Biotechnol 1996 14 5 639 ~ 642
Sayanova O Smith M A Lapinskas P et al. Expression of a borage
desaturase cDNA containing an N-terminal cytochrome b5 domain re-
sults in the accumulation of high levels of delta6-desaturated fatty
acids in transgenic tobacco. Proc Natl Acad Sci USA 1997 94 8

http://journals. im. ac. cn



386 18

53 Voelker T A Worrell A C Anderson L et al . Fatty acid biosynthesis transgenic plants using the isopentenyl transferase gene. Proc Natl
redirected to medium chains in transgenic oilseed plants. Science Acad Sci USA 1997 94 6 2117 ~ 2121
1992 257 5066 72 ~74 56 TuH]J Zhou XR GongZ X et al. Generation of selectable marker-
54 Gleave AP Mitra DS Mudge S R er al. Selectable marker-free free transgenic rice using double right-border DRB  binary vectors. J
transgenic plants without sexual crossing transient expression of cre Plant Physiology 2001 28 3 241 ~248
recombinase and use of a conditional lethal dominant gene. Plant Mo- 57 Wang AS Evans R A Altendorf P R et al. A mannose selection
lecular Biology 1999 40 2 223 ~235 system for production of fertile transgenic maize plants from proto-
55  Ebinuma H Sugita K Matsunaga E et al. Selection of marker-free plasts. Plant Cell Reports 2000 19 7 654 ~ 660

Studies on Improving Crop Nutritional Quality Through Gene Engineering

FAN Shi-Jing 1I Jian-Yue®™ CHENG Lei”* ZHOU Gen-Yu
Life and Environment Science College = Shanghai Teachers University =~ Shanghai 200234 China

Abstract This paper summarizes the studies on improving crop nutritional quality including protein saccharide and lipid
through gene engineering in recent 10 years. Special emphasis is laid upon the improvement of protein contains and amino acid

components. The food safety caused probably by gene engineering and some ways to solve the problem are introduced briefly.

Key words gene engineering crop nutritional quality improvement protein saccharide lipid
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