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摘　要Π系统地讨论了甜菜碱在提高植物抗盐性中的作用机理及其国内外研究进展Κ并对甜菜碱生物合成过程中

关键酶及其遗传工程的研究进展进行了综述Λ 提出在进一步弄清甜菜碱提高植物抗盐性作用机理的基础上Κ应在

重要作物中开展甜菜碱合成相关基因的导入Κ以期获得耐盐植物新品种Λ
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AbstractΠT he paper system at ica lly d iscu sses the m echan ism fo r g lycinebeta ine to imp rove p lan t sa lt resis2
tance and its research advances in genet ic engineering at hom e and ab road as w ell as summ arizing the re2
search p rogresses abou t the key enzym es and their genet ic engineering in glycinebeta ine b io syn thesis. It

suggests tha t on the basis of fu rther understanding the m echan ism fo r g lycinebeta ine to imp rove p lan t sa lt

resistanceΚthe tran sfo rm at ion of the genes rela t ing to glycinebeta ine b io syn thesis shou ld be carried ou t in

m ajo r crop s so that new p lan t variet ies resistan t to sa lt can be ob ta ined.

Key wordsΠglycinebeta ineΜsa lt resistanceΜm echan ism Μgenet ic engineeringΜresearch advances

　　Salt st ress is a g lobal p rob lem w h ich rest ricts

the no rm al grow th and developm en t of p lan tsΚde2
creases crop p roduct ion and even ex term inates

som e p lan t species[1 ]. U nder the condit ion of sa lin i2
tyΚp lan ts can adap t them selves to the environm en2
ta l changes by self2regu la t ion. A t the sam e t im eΚ

the dam age cau sed by salt st ress can be m it iga ted

by ex ternal facto rs in som e ex ten t [2 ].

M any p reviou s research w o rk s indica te that

p lan t cell can syn thesize and accum u late som e

sm all o smo tic mo lecu les under som e stressesΚsuch

as drough t and salt. T hese sm all mo lecu les can de2
crease cellu lar o smo tic p ressu re and enhance w ater

ab so rp t ionΚw h ich is genera lly defined as o smo tic
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adju stm en t ;OA ΓΚa very impo rtan t m echan ism in

p lan ts[3 ]. In the p rocess of OA Κo smo lytes natu ra lly

syn thesized and accum u lated in p lan t cells are

m ain ly tw o group s. O ne is ino rgan ic ion sΚsuch as

N a+ and K+ Κab so rbed from the ex ternal environ2
m en tΜthe o ther group is compat ib le so lu tes syn the2
sized natu ra lly by p lan ts them selves. T he mo st

common compat ib le so lu tes syn thesized in p lan ts

include po lyo l ;m ann ito l and ino sito lΓΚsugar ; su2
cro se and trehalo seΓΚam ino acid ;p ro lineΓand their

derivat ive ; glycinebeta ine Γ[4 ]. Glycinebeta ineΚalso

nam ed beta ineΚhas been focu sed on by m any re2
searchers becau se it is an effect ive compat ib le o s2
mo lyte in p lan ts sub ject to sa lt st ress[5 ]. In m any

p lan tsΚ especia lly in the Chenopodiaceae and

Gram ineaeΚp lan t cells accum u late a large amoun t

of GB w hen sub ject to drough t and salt st resses

and there is a po sit ive co rrela t ion betw een the GB

accum u lat ion level and stress resistance ab ility in

p lan ts[6 ].

Glycinebeta ine ;N ΚN ΚN 2t rim ethylg lycineΜbe2
ta ineΓ is an am ino acid derivat ive that is natu ra lly

syn thesized and accum u lated in bacteriaΚfungiΚal2
geaΚan im als and m any p lan t fam ilies[5Κ7Κ8 ]. It is syn2
thesized from cho line ox idat ion to beta ine aldehyde

in the ch lo rop last st rom a of h igher p lan ts by a so l2
ub le ferrodox ine dependen t cho line monoxygenase

; CM O Γ[9 ]. O x idat ion of beta ine aldehyde to

glycinebeta ine is ca ta lyzed by NAD + 2dependen t be2
ta ine aldehyde dehydrogenase ;BADH ΜEC1. 2. 1.

8Γ[8 ]. GB p ro tects h igher p lan ts again st sa ltöo smo t2
ic st ress by m any differen t w ays w h ich includeΠ

m ain ta in ing o smo tic adju stm en t [10 ]Κ stab ilizing

m any funct ional p ro tein un its[11 ]Κand stab ilizing

m em b rane in tegrity [12 ] and quaternary structu res of

comp lex p ro tein s[13 ]. BesidesΚGB can affect an t iox i2
dan t enzym e act ivit ies[14 ].

1　Physio log ica l and b iochem ica l ef2
fects of GB on enhancing p lan t sa lt

resistance

1. 1　GB a ssistance in regula ting osm otic adjust-

m en t of the plan t cell

A s an o smo lyteΚGB itself can regu la te the cell

o smo tic p ressu re of p lan t under o smo tic st ress.

W ater deficiency cau sed by salt st ress is a common

phenom enon in p lan ts. W ater deficiency often leads

to m etabo lic d iso rders. L eaf rela t ive w ater con ten t

;RW CΓand o smo tic po ten t ia l ; ΩsΓare tw o param e2
ters often u sed to est im ate w ater sta tu s in p lan ts.

In their researchΚGuo et a l
[4 ] repo rted that a t the

sam e concen tra t ion of N aC lΚadding 15 mmo l·L - 1

GB in the incubat ion m edium cou ld increase leaf

RW C and decrease Ωs respect ively compared to the

con tro l. In addit ionΚGB can also st im u la te o ther o s2
mo lytes in p lan t cells. In the w o rk of Zhang et

a l
[2 ]Κthey found that exogenou s app lica t ion of ap2

p rop ria te concen tra t ion of GB cou ld increase the

con ten t of so lub le sugarsΚp ro line and so lub le p ro2
tein s in w heat leaves and roo ts under N aC l st ress.

Xu et a l
[15 ] app lied exogenou s GB to B rassica ch i2

nensis at 15 mmo l·L - 1 concen tra t ion. It no t on ly

increased the p ro line con ten tΚ leaf w eigh t and

ch lo rop last con ten t rem arkab lyΚbu t a lso decreased

the m em b rane perm eab ility of the seedling under

d ifferen t N aC l concen tra t ion s.

1. 2 　 Inf luences of GB on ion absorption and

tran sporta tion in plan t cells

O n salt st ressed condit ionΚm any ion s can be

accum u lated in p lan t cellsΚw h ich affects the p lan t

no rm al physio logica l and b iochem ical act ivit ies in

tw o aspects. O ne is the tox ic effect of ion sΜthe o th2
er is tha t the ex istence of specia l ion s m ay cau se

p lan t m alnu trit ion [16 ]. It is impo rtan t fo r p lan ts to

keep low N a+ and low N a+ öK+ ra t io to to lera te

sa lin ity [17 ]. Zhang et a l
[2 ] repo rted that GB en2

hanced no t on ly the roo t ab so rp t ion select ivity bu t

a lso the tran spo rta t ion select ivity of roo t to leaf.

Xu et a l
[15 ] repo rted that the exogenou s sp ray of

GB at the concen tra t ion of 15 mmo l·L - 1 cou ld de2
crease the N a+ accum u lat ion and N a+ öK+ ra t io in

B rassica ch inensis roo t and leaf sign if ican t lyΜin ad2
dit ionΚexogenou s sp ray of GB ; 0～ 20 mmo l·L - 1Γ

decreased app rox im ately 300% the perm eab ility of

p lasm a m em b rane of B . ch inensis leaf under sa lt

st ress w hen compared to the sa lt t rea ted group

alone. Fu rthermo reΚthe exogenou s sp ray of GB ; 15
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mmo l·L - 1Γ increased the ab so rp t ion select ivity of

N a+ and K+ of roo tsΚi. e. GB accum u lat ing in roo ts

enhanced the ab ility of excluding N a+ . How everΚ

GB had no sign if ican t effects on roo t t ran spo rta t ion

select ivity. T he ion ab so rp t ion is part ly con tro lled

by the perm eab ility of p lasm a m em b rane. T he de2
crease of perm eab ility cau sed by GB treatm en t

cou ld avo id the abno rm al m etabo lism of p lan t and

m ain ta in its no rm al grow th and developm en t by re2
st ra in ing the excessive N a+ from influx ing in to

p lan t cells. In addit ionΚsom e m em b rane p ro tein s

p lay a sign if ican t ro le in select ive dist ribu t ion of

ion s w ith in the p lan t cells. H + 2A T Pase is one of

the mo st impo rtan t p ro tein sΚw h ich genera tes the

H + electrochem ical gradien t tha t drives ion tran s2
po rta t ion [18 ]. Xu et a l

[15 ] found that exogenou s GB

also increased the H + 2A T Pase act ivity under bo th

st ress and no rm al condit ion.

1. 3　Effect of GB on ma in ta in ing the qua ternary

structure of com plex prote in s stable

T hylako id m em b ranes of ch lo rop lasts con ta in

the oxygen2evo lving pho to system Ê ; PS Ê Γ com 2
p lex w h ich is compo sed of a num ber of in trin sic

p ro tein s and ex trin sic p ro tein s w ith rela t ive mo lec2
u lar w eigh ts of 18Κ23 and 33 kD. In their w o rkΚ

M u rata et a l
[19 ] found that the incubat ion of PSÊ

part icles w ith 1. 0 mo l·L - 1 N aC l resu lted in disso2
cia t ion of a lmo st a ll of the 18 and 23 kD p ro tein s

and so decreased the oxygen2evo lving act ivity. Bu t

the p resence of 1. 0 mo l·L - 1 GB in the incubat ion

m edium inh ib ited the dissocia t ion of the in trin sic

p ro tein s from the comp lex and increased the oxy2
gen evo lving ab ility. In addit ionΚStam atak is et a l

[20 ]

found that PSÊ part iclesΚw h ich w ere rendered in2
act ive as a resu lt of N aC l2induced dep let ion of the 9

kD p ro teinΚacqu ired the oxygen2evo lving compe2
tence if resu spended in the p resence of GB.

1. 4　Effects of GB on the an tiox ida tive system in

plan ts under sa lt stress

A large num ber of evidences suggested that

environm en ta l st ressesΚespecia lly drough t and salt

st ressΚincreased the p roduct ion of act iva ted oxygen

radica ls ;AOR Γ by enhancing leakage of electron s

from electron ic t ran spo rt chain s in the ch lo rop lasts

and m itochondria to mo lecu lar oxygen [21 ]. It is a l2
ready know n that cyto tox ic AOR can destroy no r2
m al m etabo lism th rough ox idat ive dam age of

lip idsΚp ro tein sΚand nucleic acids[22 ]. M em b rane in2
ju ry induced by salt st ress is rela ted to an enhanced

p roduct ion of h igh ly tox ic AOR Κas w ell[23 ]. T here2
fo reΚAOR m u st be scanvenged fo r m ain tenance of

no rm al grow th. O x idat ive dam age in the p lan t t is2
sue w as allevia ted by a concerted act ion of bo th en2
zym atic and non2enzym atic an t iox idan t m echa2
n ism s[24Κ25 ]. Among the enzym es invo lved in allevi2
at ing ox idat ive dam ageΚ superox ide dism u tase

; SOD ΓΚperox idase ; POD ΓΚcata lase ;CA T ΓΚasco r2
bate perox idase ;A P Γ and glu ta th ione reductase

; GR Γ are u sually u sed to est im ate the sa lt to ler2
ance ab ility of p lan ts under st resses. R ecen t study

of T ijen et a l
[26 ] illu st ra ted that app lica t ion of ex2

ogenou s GB ; 15 mmo l·L - 1 Γ cou ld decrease the

act ivit ies of SOD ΚA PΚCA T and GR in salt to leran t

rice cu lt ivar Pokkali and the act ivity of POX in salt

sen sit ive cu lt ivar IR 228 respect ivelyΚw hereas it in2
creased the act ivit ies of CA T and A P in IR 228

w hen compared to the sa lt t rea ted group alone. In

addit ionΚthe lip id perox idat ion levels of bo th cu lt i2
vars under sa lt st ress show ed a decrease w ith GB

treatm en t. GB treatm en t p ro tected rice from salin i2
ty2induced ox idat ive st ress. Guo et a l

[4 ] found that

in the sa lt st ressed condit ionΚexogenou s app lica2
t ion GB ; 15 mmo l·L - 1Γcou ld increase the act ivi2
t ies of SOD ΚA PX and POD in w heat seedling. Bu t

the act ivity of CA T is no t influenced by GB treat2
m en t.

2　Genet ic eng ineering of GB syn the2
sis in p lan ts

A large num ber of evidences suggest tha t GB

is a m u lt i2funct ional mo lecu le to enhance salt to ler2
ance in p lan ts. Bu t m any impo rtan t farm ing crop sΚ

such as riceΚtom atoΚpo ta to and tobacco can no t

syn thesize GB. T hese p lan ts have long been a po2
ten t ia l target fo r engineering the GB m etabo lic

pathw ay and thu s fo r st ress resistance. A s m en2
t ioned aboveΚthe syn thesis of GB in h igher p lan ts

includes tw o step sΠthe first step is cho line ox ida2
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t ion to beta ine aldehyde cata lyzed by a so lub le ferro2
dox ine dependen t cho linemonoxygenase ;CM O Γ[8 ]Κ

the second step is the ox idat ion of beta ine aldehyde

to GB cata lyzed by NAD + 2dependen t beta ine alde2
hyde dehydrogenase ;BADH ΜEC1. 2. 1. 8Γ[7 ]. Gene

techno logica l in t roduct ion of the GB syn thesis

pathw ay in to non2halo to leran t p lan ts w ou ld resu lt

in the accum u lat ion of GB and enhancem en t of

their to lerance to sa lt st ress.

2. 1　Genetic eng ineer ing of BAD H gene

BADH cata lyzes the ox idat ion of beta ine alde2
hyde to GB. T ran sgen ic rice p lan ts exp ressed a bar2
ley gene fo r BADH confered h igher to lerance to

sa ltΚ low temperatu re and h igher tempera tu re

st resses than w ild type p lan ts[27 ]. L uo et a l
[28 ]

t ran sferred tobacco w ith B A D H of sp inachΚthe ac2
t ivit ies of SOD ΚCA T ΚPOD and GR w ere h igher

compared w ith con tro l. J ia et a l
[29 ] t ran sfo rm ed the

B A D H gene cloned from A trip lex hortensis and

con tro lled by 35S p romo ters of the cau lif low er mo2
sa ic viru sΚin to a sa lt sen sit ive tom ato cu lt ivarΚ

Bailichun. Po lym erase Chain R eact ion ; PCR Γ and

Sou thern hyb rid iza t ion analysis demon stra ted that

the B A D H gene had been in tegra ted in to the

genom e of tom ato. T ran sgen ic tom ato p lan ts

show ed sign if ican t ly h igher levels of mRNA and

BADH enzym e act ivity than w ild2type p lan ts and

the tran sgen ic p lan ts exh ib ited to lerance to sa lt

st ress. T hese p lan ts cou ld grow no rm ally at sa lt

concen tra t ion of 120 mmo l·L - 1.

2. 2　Genetic eng ineer ing of betA gene

Bacteria l cho line dehydrogenase ; cdh Γ cat2
alyzes no t on ly the ox idat ion of cho line to beta ine

aldehydeΚbu t a lso the second step to GB. It is thu s

the mo st u sefu l enzym e in troduced in to new

species[30 ]. Bhat tacharya et a l
[31 ] t ran sferred bacte2

ria l betA gene encoding cdh to cabbage th rough A 2
g robacterium m ediated tran sfo rm at ion of hypoco tyl

exp lan ts. T ran sgen ic sta tu s w as estab lished

th rough Sou thern hyb rid iza t ion and mRNA exp res2
sion in the shoo ts. T he tran sfo rm an ts exh ib ited

h igher to lerance to N aC l st ress compared to un2
t ran sfo rm ed paren t p lan ts.

2. 3　Genetic eng ineer ing of codA gene

T he codA gene is fo r cho line ox idase. Cho line

ox idase ; E. C. 1. 1. 3. 17Γcata lyzes the ox idat ion of

cho line to beta ine ;N ΚN ΚN 2t rim ethylg lycineΜbe2
ta ine Γ. H ayash i et a l

[32 ] t ran sfo rm ed A rabid op sis

tha liana w ith the codA. It enab led the p lan t to ac2
cum u late GB and enhanced its to lerance to sa lt and

co ld st ress. P rasad [33 ] t ran sfo rm ed B rassica juncea

w ith codA gene from A rth robacter g lobif orm is. T he

codA gene w as targeted in to the ch lo rop lasts to en2
ab le the tran sfo rm ed p lan ts to syn thesize glycine2
beta ine ; GB Γ in their ch lo rop lasts. A ccum u lat ion

of g lycinebeta ine in the ch lo rop lasts led to in2
creased to lerance of the PSÊ in t ran sgen ic lines to

h igh ligh t in ten sity under un stressed and stressed

; sa lt as w ell as low temperatu re st ressΓ condi2
t ion s. Enhanced to lerance is due to increased p ro2
tect ion as w ell as accelera ted recovery of the PSÊ

from a pho to2inact iva ted sta te by glycinebeta ine.

3　Conclu sion and p ro spect

GB is natu ra lly occu rring compat ib le so lu teΚ

w h ich is w idely dist ribu ted in p lan tsΚan im als and

bacteria. GB p ro tects cells from stresses by m ain2
ta in ing an o smo tic balance w ith the su rrounding

environm en tΚstab ilizing funct ional p ro tein un itsΚ

stab ilizing m em b rane in tegrity and quaternary

structu res of comp lex p ro tein s. A t the sam e t im eΚ

GB can influence the an t iox idat ive system of p lan ts

under st resses. T here is a linear rela t ion sh ip be2
tw een the GB accum u lat ion level and salin ity to ler2
ance in p lan ts. M any p reviou s research w o rk s

abou t GB have been focu sed on its physio logica l

funct ion s of OA and p ro tect ionΚw h ile few at ten2
t ion s have been paid on its funct ion s to increase an2
t iox idat ive ab ility and an t i2pho to inh ib it ion ab ility

of p lan ts under st resses. P lan t an t iox idat ive system

is very sen sit ive w hen p lan ts are sub jected to

st resses[34 ]. T he changes of p lan t an t iox idan ts are

regarded as very impo rtan t ind ica to rs fo r p lan t

st ress to lerance. T herefo reΚthe physio logica l m ech2
an ism of GB on an t iox idat ive system in p lan ts un2
der st resses shou ld be emphasized on in the fu tu re

research w o rk s. A s w e all know Κpho to syn thesis is
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one of the key m etabo lic pathw ay that is respon si2
b le fo r grow th and developm en t of p lan ts[35 ]. M any

stressesΚsuch as sa lt and drough tΚoften lead to the

destruct ion of pho to syn thet ic o rgan sΚand then the

capab ility of p lan ts to u t ilize the ligh t ab so rbed by

them declined sign if ican t ly [36 ]. T h is reduct ion in

pho to syn thesis eff iciency cou ld be due to o r leads

to pho to inh ib it ion. A s far as w e know Κlit t le has

been repo rted abou t GB and pho to inh ib it ion. SoΚw e

suggest tha t fu tu re research w o rk s shou ld be em 2
phasized on it. In the field of GB syn thesis genet ic

engineeringΚm any w o rk s have been done in recen t

years and a lo t of u sefu l genes have been cloned

and tran sferred to p lan tsΚsuch as B A D H ΨbetA and

codA etc. T he tran sfo rm at ion of these genes to

p lan ts increased the salin ity to lerance of p lan ts and

decreased the dam age cau sed by salt st ress. How 2
everΚthere st ill ex ists m any p rob lem s. M any gene

tran sfo rm at ion research w o rk s are on ly confined to

labo ra to ry levelΚlit t le has been app lied to field p ro2
duct ion. M o st of the gene tran sfo rm at ion w o rk s

have been carried ou t on ly on model p lan ts. Fu r2
thermo reΚenhancem en t of p lan t sa lt to lerance by

single gene tran sfo rm at ion is eff icien t fo r som e

genes o r p lan tsΚbu t no t fo r a ll. In addit ionΚthe ex2
p ression of exogenou s genes is u sually un steady.

To so lve the p rob lem s aboveΚfu tu re studies shou ld

be concen tra ted on som e m ajo r crop sΚ such as

w heatΚriceΚm aize etc. A nd bet ter agronom ic char2
acter cu lt ivars shou ld be cho sen as the recep to rs.

T ran sgen ic p lan ts shou ld be app lied to field p ro2
duct ion as qu ick as po ssib le. In som e p lan tsΚm u lt i2
genes shou ld be tran sfo rm ed to enhance their sa lt

to leranceΚsuch as the com b inat ion of GB syn thesis

gene and regu la t ive gene. In addit ionΚw e shou ld

exp lo re deeper m echan ism s of GB on p lan t sa lt to l2
eranceΚclarify its comp lex physio logica l and b io2
chem ical p rocesses and get to know its mo lecu lar

basis. W ith the fu rther understanding of them Κw e

w ill ob ta in sa lt to leran t p lan t cu lt ivars by the com 2
b inat ion m ethods of gene engineering and conven2
t ional b reeding in the near fu tu re.
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