, 2005, 25(9) :1888—1893
ActaBot Boreal -Occident Sin

:1000-4025(2005) 09-1888-06

1,2

(1 )

Q948 113 A

’

810001, 2 ,

1*

100039)

M echanisn for Glycinebetaine to Improve Plant Salt Resistance
and Its Research Advances in Genetic Engineer ing
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cademy of Sciences,Beijing 100039, China)

Abstract T he paper systematically discusses themechanisn for glycinebetaine to mprove plant salt resis-

tance and its research advances in genetic engineering at home and abroad asw ell as summarizing the re-
search progresses about the key enzymes and their genetic engineering in glycinebetaine biosynthesis It
suggests that on the basis of further understanding themechanisn for glycinebetaine to mprove plant salt
resistance, the transformation of the genes relating to glycinebetaine biosynthesis should be carried out in
major crops 0 that nav plant varieties resistant to salt can be obtained
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Salt stress is a global problem which restricts
the nomal grow th and development of plants, de-
creases crop production and even extem inates
omeplant pecies’’. U nder the condition of salini-
ty,plants can adapt them selves to the environrmen-
tal changes by self-regulation At the same time,
the danage caused by salt stress can be mitigated
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by external factors in ome extent'.

M any previous research works indicate that
plant cell can synthesize and accumulate some
snall osnotic molecules under some stresses, such
as drought and salt These snall molecules can de-
crease cellular osnotic pressure and enhancew ater
absorption,which is generally defined as osnotic
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adjustment (OA ),a very mportant mechanisn in
plants’®. In the process of OA ,osnolytes naturally
synthesized and accumulated in plant cells are
mainly two groups One is inorganic ions, such as
Na" and K* , absorbed from the external environ-
ment sthe other group is compatible solutes synthe-
sized naturally by plants thenselves The most
common compatible olutes synthesized in plants
include polyol (mannitol and inositol), sugar (su-
crose and trehalose) , anino acid (proline) and their
derivative (glycinebetaine)!*. Glycinebetaine, alo
named betaine, has been focused on by many re-
searchers because it is an effective compatible os
molyte in plants subject to salt stress®. In many
plants, egecially in the Chenopodiaceae and
Gran ineae; plant cells accumulate a large anount
of GB when subject to drought and salt stresses
and there is a positive correlation betw een the GB
accumulation level and stress resistance ability in
plants'®.

Glycinebetaine (N >N ,N -trimethylglycine ;be-
taine) is an anino acid derivative that is naturally
synthesized and accumulated in bacteria, fungi, al-
gea,animals andmany plant families®"®. It is syn-
thesized from choline oxidation to betaine aldehyde
in the chloroplast stroma of higher plants by a l-
uble ferrodoxine dependent choline monoxygenase
(av0 )®. Oxidation of betaine aldehyde to
glycinebetaine is catalyzed by NAD " -dependent be-
taine aldehyde dehydrogenase (BADH ;EC1 2 1
8)'®. GB protects higher plants against salt/osmot-
ic stress by many different ways w hich include :

maintaining osmotic adjustment!*”

many functional protein units!™

[12]

, stabilizing
, and stabilizing
maembrane integrity ™ and quaternary structures of
complex proteins™®. Besides, GB can affect antioxi-

dant enzyme activities'**.

1 Physiological and biochemical ef-
fects of GB on enhancing plant salt
resistance

1 1 GB assistance in regulating osnotic adjust-
ment of the plant cell

A san osnolyte, GB itself can regulate the cell
osnotic pressure of plant under osnotic stress
W ater deficiency caused by salt stress isa common
phenomenon in plants W ater deficiency often leads
to metabolic disorders L eaf relative w ater content
(RW C) and osnotic potential (Y4) are wo parane-
tersoften used to estimatew ater status in plants
In their research, Guo et al'* reported that at the
same concentration of N aCl,adding 15mmol- L~ *
GB in the incubation medium oould increase leaf
RW C and decrease Y. regpectively compared to the
control In addition, GB can al® stinulateother os
molytes in plant cells In the work of Zhang et
al'”, they found that exogenous application of ap-
propriate concentration of GB oould increase the
content of soluble sugars;proline and soluble pro-
teins in w heat leaves and roots under N aCl stress
1" applied exogenous GB to B rassica chi-
nensis at 15 mmol- L ' concentration It not only
increased the proline oontent, leaf weight and
chloroplast content remarkably, but also decreased

XU et a

the membrane pemeability of the seedling under
different N aCl concentrations
1 2 Influences of GB on
tran spor tation in plant cells

On salt stressed condition,many ions can be

ion absorption and

accumulated in plant cells,w hich affects the plant
nomal physiological and biochemical activities in
two agpects One is the toxic effect of ions stheoth-
er is that the existence of gecial ionsmay cause
%1 1t is important for plants to
keep low Na" and low Na' /K* ratio to tolerate
] Zhang et al” reported that GB en-
hanced not only the root absorption selectivity but
alo the trangortation selectivity of root to leaf.

1" reported that the exogenous gpray of
GB at the concentration of 15mmol- L~ *ocould de-

plant malnutrition

salinity

XU et a

crease theNa" accumulation and Na' /K" ratio in
B rassica chinensis root and leaf significantly ;in ad-
dition, exogenous spray of GB (0 20mmol- L~ *)
decreased approximately 300% the pemeability of
plasna menbrane of B. chinensis leaf under salt
stress when compared to the salt treated group
alone Furthemore, the exogenous Ppray of GB (15
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mmol- L™ *) increased the absorption selectivity of
Na" and K" of roots,i e GB accumulating in roots
enhanced the ability of excluding Na“. How ever,
GB had no significant effectson root trangortation
selectivity. The ion absrption is partly controlled
by the pemeability of plasnamenbrane The de-
crease of pemeability caused by GB treatment
could avoid the abnomal metabolisn of plant and
maintain itsnomal grow th and development by re-
straining the excessive Na' from influxing into
plant cells In addition, ssme membrane proteins
play a significant role in selective distribution of
ionsw ithin the plant cells H" -A TPase is one of
the most mportant proteins,w hich generates the
H™ electrochanical gradient that drives ion trans-
portation™. Xu et al™ found that exogenous GB
al® increased the H™ -A TPase activity under both
stress and nomal condition
1 3 Effect of GB on maintaining the quaternary
structure of camplex proteins stable

Thylakoid manbranes of chloroplasts contain
the oxygen-evolving photosysten 1I (PSII) com-
plex which is composed of a number of intrinsic
proteins and extrinsic proteinsw ith relative molec-
ular weights of 18, 23 and 33 kD. In their work,
M urata et al'™ found that the incubation of PSII
particleswith 1 Omol- L~ *NaCl resulted in diso-
ciation of amost all of the 18 and 23 kD proteins
and 2 decreased the oxygen-evolving activity. But
thepresenceof 1 Omol- L~ *GB in the incubation
medium inhibited the disociation of the intrinsic
proteins from the complex and increased the oxy-
gen evolving ability. In addition, Stamatakis et al'”
found that PSII particles,w hich w ere rendered in-
active asa result of N aCl-induced depletion of the 9
kD protein, acquired the oxygen-evolving compe-
tence if resupended in the presence of GB.
1 4 Effectsof GB on the antioxidative system in
plants under ;alt stress

A large number of evidences suggested that
environmental stresses, egecially drought and salt
stress, increased the production of activated oxygen
radicals (AOR) by enhancing leakage of electrons
from electronic trangort chains in the chloroplasts

0t s al-

and mitochondria to molecular oxygen
ready know n that cytotoxic AOR can destroy nor-
through oxidative damage of
lipids, proteins, and nucleic acids’*”
jury induced by salt stress is related to an enhanced
production of highly toxic AOR ,asw ell”®. There-
fore;,AOR must be scanvenged for maintenance of
nomal grow th Oxidative danage in the plant tis
suew as alleviated by a concerted action of both en-

zymatic and non-enzymatic antioxidant mecha-

mal metabolisn
. M anbrane in-

nisn s**. Among the enzymes involved in allevi-
ating oxidative damage, superoxide dignutase
(0D ), peroxidase(POD ), catalase (CA T ), asoor-
bate peroxidase (A P) and glutathione reductase
(GR) are usually used to estimate the salt toler-
ance ability of plants under stresses Recent study
of Tijen et al™ illustrated that application of ex-
ogenous GB (15 mmol- L ') could decrease the
activities of SOD,A P,CA T and GR in salt tolerant
rice cultivar Pokkali and the activity of POX in salt
sensitive cultivar IR-28 regectively,w hereas it in-
creased the activities of CAT and AP in IR-28
when compared to the salt treated group alone In
addition, the lipid peroxidation levelsof both culti-
vars under salt stress show ed a decrease w ith GB
treatment GB treatment protected rice from salini-
ty-induced oxidative stress Guo et al'” found that
in the salt stressed condition, exogenous applica-
tion GB (15mmol- L ') could increase the activi-
ties of SOD,A PX and POD in w heat seedling But
the activity of CA T is not influenced by GB treat-
ment

2 Genetic engineering of GB synthe-
sis in plants

A large number of evidences suggest that GB
isamulti-functional molecule to enhance salt toler-
ance in plants But many important faming crops,
such as rice, tomato, potato and tobacco can not
synthesize GB. These plants have long been a po-
tential target for engineering the GB metabolic
pathway and thus for stress resistance A s men-
tioned above, the synthesis of GB in higher plants
includes two steps :the first step is choline oxida-
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tion to betaine aldehydecatalyzed by asolubleferro-
doxine dependent cholinemonoxygenase (G 0)",
the second step is the oxidation of betaine aldehyde
to GB catalyzed by NAD" -dependent betaine alde-
hyde dehydrogenase (BADH EC1 2 1 8)!". Gene
technological introduction of the GB synthesis
pathway into non-halotolerant plantswould result
in the accumulation of GB and enhancement of
their tolerance to salt stress
2 1 Genetic engineer ing of BADH gene

BADH catalyzes the oxidation of betaine alde-
hyde to GB. T ransgenic riceplants expressed a bar-
ley gene for BADH confered higher tolerance to
salt, low

tenperature and higher temperature

stresses than wild type plants®. Luo et al'®
transferred tobacco withBADH of sinach, the ac-
tivities of SOD, CAT, POD and GR were higher
compared w ith control Jia et al’® transformed the
BADH gene cloned from A triplex hortensis and
controlled by 35S promotersof the cauliflow er mo-
saic virus, into a salt sensitive tomato cultivar,
Bailichun Polymerase Chain Reaction (PCR) and
Southern hybridization analysis danonstrated that
the BADH gene had been integrated into the
genome of tomato. Transgenic tomato plants
show ed significantly higher levels of mMRNA and
BADH enzyme activity than wild-type plants and
the transgenic plants exhibited tolerance to salt
stress These plants could grow nomally at salt
concentration of 1220mmol- L *
2 2 Genetic engineer ing of betA gene

Bacterial choline dehydrogenase (cdh) cat-
alyzes not only the oxidation of choline to betaine
aldehyde, but al® the second step to GB. It is thus
enzyme introduced

pecies™. Bhattacharya et al”™ transferred bacte-

the most useful into new
rial betA gene encoding cdh to cabbage through A -
grobacterium mediated transformation of hypocotyl
status was established
through Southern hybridization andmMRNA expres-

explants T ransgenic
sion in the shoots The transformants exhibited
higher tolerance to NaCl stress compared to un-
transformed parent plants

2 3 Genetic engineer ing of codA gene

The codA gene is for choline oxidase Choline
oxidase (E C 1 1 3 17) catalyzes the oxidation of
choline to betaine (N ,N ,N -trimethylglycine ;be-
taine). Hayashi et al'™ transformed A rabidgsis
thaliana w ith the codA. It enabled the plant to ac-
cumulate GB and enhanced its tolerance to salt and
oold stress Prasad™ transformed B rassica juncea
w ith codA gene from A rthrobacter globif omis The
codA genew as targeted into the chloroplasts to en-
able the transfomed plants to synthesize glycine-
betaine (GB) in their chloroplasts A ccumulation
of glycinebetaine in the chloroplasts led to in-
creased tolerance of the PSII in transgenic lines to
high light intensity under unstressed and stressed
(salt aswell as low temperature stress) condi-
tions Enhanced tolerance is due to increased pro-
tection asw ell as accelerated recovery of the PSII
from aphoto-inactivated state by glycinebetaine

3 Conclusion and prospect

GB is naturally occurring compatible slute,
w hich iswidely distributed in plants, anmals and
bacteria GB protects cells from stresses by main-
taining an osnotic balance with the surrounding
environment, stabilizing functional protein units,
stabilizing membrane integrity and quaternary
structures of complex proteins At the same time,
GB can influence the antioxidative system of plants
under stresses There is a linear relationship be-
tw een the GB accumulation level and salinity toler-
ance in plants M any previous research works
about GB have been focused on its physiological
functions of OA and protection,w hile fev atten-
tions have been paid on itsfunctions to increase an-
tioxidative ability and anti-photoinhibition ability
of plantsunder stresses Plant antioxidative system
is very sensitive when plants are subjected to
stresses*. The changes of plant antioxidants are
regarded as very important indicators for plant
stress tolerance T herefore, the physiological mech-
anisn of GB on antioxidative system in plants un-
der stresses should be enphasized on in the future
research works A swe all know ,photosynthesis is
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one of the key metabolic pathw ay that is regponsi-
ble for grow th and development of plants™®
stresses, such as salt and drought,often lead to the
destruction of photosynthetic organs, and then the

capability of plants to utilize the light absorbed by

[36]

.M any

them declined significantly This reduction in
photosynthesis efficiency could be due to or leads
to photoinhibition A s far aswe know , little has
been reported about GB and photoinhibition So,we
suggest that future research works should be en-
phasized on it In the field of GB synthesis genetic
engineering.-many works have been done in recent
years and a lot of useful genes have been cloned
and transferred to plants, such asBADH ,betA and
codA etc The transformation of these genes to
plants increased the salinity tolerance of plants and
decreased the damage caused by salt stress How -
ever, there still exists many problens M any gene
transfomation research works are only confined to
laboratory level, little has been applied to field pro-
duction M ost of the gene transformation works

References:
[1] . M1 ,2004
[2] ZHANG SH G( ),GAO J Y ( ), ONG J ZH (

have been carried out only on model plants Fur-
themore, enhancement of plant salt tolerance by
single gene transformation is efficient for some
genesor plants, but not for all In addition, the ex-
pression of exogenous genes is usually unsteady.

To lve the problam s above, future studies should
be concentrated on some major crops, such as
w heat, rice;maize etc A nd better agronom ic char-
acter cultivars should be chosen as the receptors

T ransgenic plants should be applied to field pro-
duction as quick as possible In some plants,multi-
genes should be transformed to enhance their salt
tolerance, such as the combination of GB synthesis
gene and regulative gene In addition,we should
explore degper mechanisn sof GB on plant salt tol-
erance, clarify its complex physiological and bio-
chemical processes and get to know its molecular
basis W ith the further understanding of them,we
w ill obtain salt tolerant plant cultivars by the com-
bination methods of gene engineering and conven-
tional breeding in the near future

). Effectsof exogenous betaineon the contentsof some resistance-relat-

ed substances, the absorption and trangportation of Na* , K* inw heat seedlings under N aCl stress[J]. P lant Physiol. Canmun (

)»2000,36(1) 23- 26(in Chinese).

[3] BLUM A MUNNSR,PASSIOURA JB,et al. Genetically engineered plants resistant in il drying and salt stress how to interpret os-

motic relations[J]. Plant Physiol. ,1996,110 :1 051- 1 053
[4] GUOQ F( )MA QQ( )»UN C(
Bot Boreal Occident Sin (

) et al. Effectsof exogenous glycinebetaineon the salt tolerance of w heat[J]. A cta
),2004,24(9) 1 680- 1 686(in Chinese).

[5] BLUNDEN G,YANGM ,JAN ICSA K G,et al Betaine distribution in the Amaranthaceae[J]. B iochen. System. Ecol. ,1999,27 87- 92
[6] HANSON A D,MAY A M. Betaine synthesis in chenopods Jocalization in chloroplasts[J]. Pra N atl. A cad. Sci. USA ,1985,82(1) 3 678

- 3695

[7] GORHAM J Glycinebetaine is amajor nitrogen-containing solute in theM alvaceae[J]. Phy tocham istry ; 1996,43(2) 367- 369

[8] RHODESD,HANSON A D. Quaternary anmonium and tertiary sulfoniun compounds in higher plants[J]. A nnu Rev. Plant Physiol. ,

1993, 44(3) 57- 84

[9] BROUQU ISSE R:W EIGEL P,RHODESD et al. Evidence for a ferredoxin-dependent choline monooxygenase from spinach chloroplast

stroma[J]. Plant Physiol. ,1989,90 322- 329

[10] POLLARD A W YN JONESR G Enzyme activities in concentrated solutionsof glycinebetaine and other solutes[J]. P lanta, 1979, 144 :

291- 298

[11] HARNASUT P, TUTU I K, TAKABE T,et al Exogenous glycinebetaine accumulation and increased in rice seedlings[J]. B iosci.

B iotechnol. B iocham. , 1996, 60 :366- 368

[12] MANSOURM M F Protection of plasnamembrane of onion epidemal cells by glycinebetaine and proline againstN aCl stress[J]. P lant

Physiol. B iochem. ,1998,36 :767- 772

[13] MURATA N;MOHANTHY P S,HAYA SHIH,et al Glycinebetaine stabilizes the asociation of extrinsic proteinsw ith the photosyn-
thetic oxygen- evolving PS- Il complex against the inhibitory effectsof NaCI[J]. FEBS L ett ,1992,296(2) :187- 189



, () 1893

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]
[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

TWEN D, ISMA L T. Does exogenous glycinbetaine affect antioxidative system of rice seedlings under N aCl treatment[J]. Journal o
Plant Physiol. ,2004,161 :1 089- 1 10Q

XU W ( )>UNM H( )>ZHU Y F( ) et al. Protective effectsof glycinebetaineon B rassica chinensis under salt stress
[J]. A cta B otanica Sinica( ),2001,43(8) 809- 814(in Chinese).

LU JID( )>ZHA I X L ( ). Study on mechanisns of salinity tolerance in plants[J]. A griculture and Technology , 2001, 21
(1) 26- 29(in Chinese).

DVORA K J, GORHAM J1 M ethodology of gene transfer by homologous recombination into T riticum tugidum transfer of Na* /K* dis-
crimination from T. aestivum [J]. Genane, 1992, 35 639- 646

ASHRAFM ,HARRIS P J C Potential biochemical indicatorsof salinity tolerance in plants[J]. Plant Science, 2004,166 3- 16
MURATA N;MOHANTY P S,HA YA SH I H, et al. Glycinebetaine satbilizes the association of extrinsic proteinsw ith the photosynthet-
ic oxygen-evolving complex[J]. FEBS,1992,296(2) :187- 189

STAMATAKIS C, GEORGE C P. Stabilization of photosysten 2 particles isolated from the themophiliccyanobacterium phom idium
laminosum w ith glycinebetaine and glycerol[J]. B iochim. B igphys A cta, 1993, 1 183(2) 333- 338

HERNANDEZ JA ,FERRERM A ,JM ENEZA et al. A ntioxidant systens and Oz /Hz02production in the apoplast of Pisum sativum
L. leaves its relation with N aCl induced necrotic lesions in minor veins[J]. Plant Physiol. , 2001,127(8) 17- 31

M cCORD JM. The evolution of free radicals antioxidative stress[J]. Am. J. M ed. ,2000,108 652- 659

SHALATA A M ITTOVA M ,GUY M. Regonse of the cultivated tomato and itswild salt-tolerance relative L ycopersicon pennellii to
salt-dependant oxidative systen[J]. Plant Physiol. ,2001,112 487- 494

HALL W ELL B. Oxidative damage; lipid peroxidation and antioxidant protection in chloroplasts[J]. Chen. Phys L ipids, 1987, 44 327-
340

A SADA K. A scorbate peroxidase; a hydrogen scavenging enzyme in plants[J]. Plant Physiol ,1992,85 235- 241

TWEN D, ISMA L T. Does exogenous glycinebetaine affect antioxidative system of rice seedlings under N aCl treatment[J]. Journal o
Plant Physiol. ,2004,161 :1 089- 1 10Q

KISH ITAN I S, TAKANAM | T,J ZUKIM ,et al. Compatibility of glycinebetaine in rice plants :evaluationusing transgenic rice plants
w ith a gene for peroxisomalbetaine aldehyde dehydrogenase from barley[J]. Plant Cell Environ ,2000,23 :107- 114

LUOA L( )L U JY( )>MA D Q( ),et al BADH gene increase of antioxidation enzyme activity in tobacco leaves
BADH gene- transfer[J]. Chinese ScienceB ulletin( ),2000, 45(18) 1 953- 1 956(in Chinese).

JA GX,ZHU ZQ,CHANG FQ et al. Transformation of tomato with theBADH gene from A triplex improves the salt tolerance[J].
Plant Cell Reports, 2002,21(2) 141- 146

LLUSGHOLMBERGN ,BULOW L. EnhancedNCI stress tolerance in transgenic tobacco expressing bacterial choline dehydrogenase
[3]. B iotechnology , 1996, 14 177- 18Q

BHATTACHARYA R C,MAHESNARIM R C,DNESHKUMARYV ,et al. Transformation of B rassica oleracea var. capitataw ith bac-
terial betA gene enhances tolerance to salt stress[J]. Scientia H orticulturae, 2004, 100 215- 227

HDENORIH A,LASZLOM ,PATCHRA PORN D et al. Transformation A rabidgpsis thalianaw ith the codA gene for choline oxidase :
accumulation of glycinebetaine and enhanced tolerance to salt and cold stress[J]. The Plant Journal,1997,12(1) 133- 142

PRASAD KV SK,PARDHA SP. Enhanced tolerance to photoinhibition in transgenic plant through targeting of glycinebetaine biosyn-
thesis into the chloroplasts[J]. Plant Science, 2004, 166 1 197- 1 212

SAL IN M L. Toxic oxygen gpecies and protective systen sof the chloroplast[J]. Plant Physiol ,1987,72 681- 689

W ISE R R Chilling-enhanced photooxidation ‘the production[J]. Photosyn Res ,1995,45 :79- 97

HE JXWANG J,L ANGH G Effects of water stresson photochenical function and protein metabolisn of photosystem Il inw heat
leaves[J]. Plant Physiol. ,1995,93 :771- 777



