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Abstract: A new sequence of trehalose synthase gene 7PS1 was cloned from strain AS.1416 of Saccharomyces
cerevisiae by the method of homologous amplification. Sequence analysis showed that its similarity with
formerly reported sequence of gene TPS1 (3{68496) was as high as 99.3%. The putative protein of this sequence
had the same conserved contigs with the protein sequences of trehalose synthases in many eukaryotic and
prokaryotic organisms. This sequence was used as exotic gene to construct a stress-inducible expression vector
and transform embryonic calli of maize mediated by agrobacterium. After screening and regeneration, one fertile
plant was detected to be positive by specific PCR amplification and sequencing of the amplified product.
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INTRODUCTION

Drought 1s the most widespread abiotic constraint
to maize production (Bartels and Nelson, 1994;
Edmaedes et al., 1992; Rosen and Scott, 1992). The most
effective way to stabilize and improve maize production
under drought conditions is to improve varieties for
drought tolerance (Bruce et al, 2002; Ceccarelli and
Grando, 1996). However, this effort heavily depends on
the development and utilization of drought-tolerant
germplasm resources, which s far from plentiful and
bottlenecks maize wnprovement. Therefore, germplasm
enhancement and development is foundationally
mnportant for maize improvement (Smith et al., 2004,
Wu, 1983; Zhang et al., 2000). Transgenic operation is a
useful technology to overcome reproductive isolation
among species and utilize beneficial exotic genes. SO,
DREE and some other stress-tolerant genes have been
used to transform maize for drought-tolerance
mnprovement. The tolerance of the transgemc offspring
is not strong to meet the requirement of maize production,
due to the mechanism of these exotic genes are not
adaptive to physiological metabolism of maize. It 15 the
key step to explore new exotic gene with strong tolerance
and adaptive mechanism to maize (Ingram and Bartels,
1996, Song and Wang, 2005; Wang and Fang, 2002).

Microorganisms survive for a long time under stress
conditions such as drought, heat and lugh salt, due to
high concentration of trehalose in their cells. Trehalose is
an innocuous, scentless and melliferous non-reducing

disaccharide containing two glucose residues bound in an
e,-1,1 glycosidic linkage. Tt is the non-reducing of
trehalose to determine its lugh stability to acid, alkali and
heat. Trehalose can become glass state structure by
combining two water molecules. Tts hydroscopic property
is more than 3 times of sucrose, maltose, glucose and
fructose. In cells, the lugh tolerance of trehalose to

dehydration provides protection to proteins and

biomembranes from drying, fireezing and heating
(Colaco et al, 1995, de Virgilio et al, 1994;
Eleutherio et al., 1993; Thevelemn, 1996,

van Leeuwenhoek, 1990). A recent research shows that
trehalose provides protection in fruit fly and mammal cells
under anaerobic condition (Chen and Gabriel, 2004).

In vyeast, Trehalos-6-Phosphate Synthase (TPS),
encoded by gene 7PS1, catalyzes the combmation of
UDP-glucose and glucose-6-phosphate by o,e-1,1
glycosidic linkage to form trehalose-6-phosphate, which
18 further dephosphorylated to trehalose by Trehalose-6-
Phosphate Phosphatase (TPP), encoded by gene 7PS2.
These reactions are catalyzed by trehalose synthesis
complex containing TPS, TPP as well as regulatory
subunits TSL1 and TPS3. However, TPS alone shows
activity of trehalose synthesis (Bell ef al., 1998). In plant,
UDP-glucose and glucose-6-phosphate are intermediate
products of normal carbohydrate metabolism. The
introduction of exotic TPS encoding gene can bring
about synthesis of trehalose-6-phosphate.  The
dephosphorylation of trehalose-6-phosphate can  be
catalyzed by non-specific phosphoesterase, which is
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familiar in plant cells. The introduction of TPP encoding
gene is not indispensable to trehalose accumulation.
Similar situation was found m the transformation of
tobacco by mamnitol-1-phosphate dehydrogenase gene
(Tarczynski et al., 1992). Dai et al. (2001), Goddijn et al.
(1997), Holmstrom et al. (1996), Pilon-Smits ef al. (1998)
and Romero et af. (1997) transformed tobacco and potato
with TPS encoding gene from E. coli and yeast, or
together with TPP encoding gene and obtained transgenic
plants with improved drought tolerance. No report has
been found about transformation of trehalose synthase
gene In graminaceous Crops.

In this study, trehalose synthase gene 7PS1 was
cloned from brewer’s yeast (Saccharomyces cerevisiae).
A stress-inducible expression vector was constructed and
used to transform embryomic calli of maize. It was
attempted to improve maize for drought tolerance by the
synthesis and accumulation of trehalose under drought
stress.

MATERIALS AND METHODS

This study was conducted at Molecular Biology
Laboratory of Maize Research Institute,
Agricultural University from year 2005 to 2007,

Sichuan

Cloning of gene TPS1 from Saccharomyces cerevisiae:
Genomic DNA of Saccharomyces cerevisiae was
extracted from strain AS.1416 by the method introduced
by Adams et al. (1998). According to the sequence of
gene 7PS1 (GenBank accession number: X68496), a pair of
specific PCR primers (P1: 5-CGACTAGTGCTAAGT
AAGCAACAAAGCAGGC-3/P2: 5-AGGGGCCC
GAAAACCGGACCAGGAATAGACG-3") was designed
using primer design software Premier 5.0 (http:/fwww.
premierbiosoft.com). At the 5° ends of the forward and
reverse primers, recognition sites of restriction
endonucleases Spel and Apal (ACTAGT and GGGCCC)
were introduced. With these primers, the sequence of
gene 7PS1 was amplified with the following temperature
cycle: 94°C 2 min; 30 cycles of 94°C 30 sec, 60°C 30 sec
and 72°C 2 min; 72°C 10 min. The specific amplified
fragment was separated by agarose gel electrophoresis
and nserted inte cloming vector pGem-T Easy. The
inserted vector was denominated as pT-TPS1 (Fig. 1)
and sequenced at TaKaRa Biotechnology co., Ltd.
(Dalian, China).

Sequence analysis of gene TPS1: Sequence similarity
between the amplified fragment and gene 7PS1 (X68496)
reported by McDougall ef al. (1993) was aligned using
DNAMAN  software  (http://www.lynnon.com). The
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putative amino acid sequence encoded by the amplified
fragment was deduced using DNA Star software
{(www.dnastar.com) and aligned with amino acid sequence
of TPS proteins reported in different species in NCBI
database (http://aww . nebinlm.nih.gov). The conserved
contigs were analysed by DNAMAN software.

Construction of stress-inducible expression vector for
monocotyledons: By the steps shown in Fig. 1, plasmid
pT-TPS1 containing gene 7PS1 and plasmid pWDREB
contaiming promoter of
monocotyledon (Du et al, 2005), were digested by
restricion endonucleases Spel and Apal, respectively.
Fragments of gene 7PS1 and plasmid pWDREB without
gene DREB were separated by low melting-point agarose
gel electrophoresis and ligated by T4DNA ligase to form
plasmid pWTPS1. This plasmid was digested by EcoRV
and HindIl. The expression structure P-wwcsl 20-7PS1-T-
nos’ was recovered and inserted mto plasmid

pCAMBIA1300 digested by Smal and HindITl to form

stress-inducible mwes1 20

stress-inducible  expression  vector pCWTPS1300
contaiming gene 7PS1. The ligated product was used to
transform  sttam  EHA105  of  agrobacterium

(Agrobacterium tumefaciens) and screened on kalamycin
plate. According to its multiple cloning sites, the
expression structure of plasmid pCWTPS1300 was
confirmed by restriction digestion of Spel and Apal.

Transformation and screening: ITn November, 2005, the
transformed agrobacterium was 1ncubated twice for
activation on YEB solid medium with kalamycmn and
rifamycin in dark at 28°C and then incubated in YEB
liquid medium antibiotic free in dark at 28°C with shaking
at 180 rpm for 16-18 h (van Larebeke et al., 1977). The
cultured was moculated in YEB liquid medium contaming
kalamyein and rifamysin by 1:50 and incubated in dark at
28°C with shaking at 225 rpm for 3-4 h until ODyy, = 0.5.
The bacterium cells were collected by centrifugation at
5000 rpm for 10 min and suspended in inoculation solution
{improved N6 medium + sucrose 684 g L' + glucose
36 g 17" + acetosyringone 100 pmol L™, pH 5.2) of the
same volume. Maize calli were mduced from immature
embryos of mbred lines 18-599R and 18-599W_ which are
parents of several commercial hybrids widely planted in
southwest China (Fu ef af., 2000). Embryonic calli were cut
into 5 mm diameter, immersed in the suspended bacterium
for 8-10 mmn, dipped with aseptic filter paper, co-cultured
on improved N& medium in dark at 20°C for three days,
washed with aseptic water for 3-5 times, immersed in
500 mg 17" cephamycin over night, dipped with aseptic
filter paper, cultured for recovering on N& medium for



Biotechnology 7 (2): 258-2635, 2008

EcoRV/HIndE| SmalHindml

Fig. 1: Construction of stress-inducible expression vector pCWTPS1300 contaiming gene 7PS1 for monocotyledon
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4-53 days and then screened on M6 medham contaning
byrgromyein of gradient concentration (15 and 20 mg L")
for two times (20 days each) (Fu ef o, 2000, 2005,
Yuefa, 2005).

Regeneration and Mentification of T, plants: After
screering, the calll were transferred to M6 differentiation
mediign aud olbred at 27°C and 2000 Ly ilhamination. Tl
the genunules grew to 2-3 cm, the calli were transferred
to Hé rooting mediun and odbared under the same
temperatare and ihanination. The regenerated plantlets
were plantedin vermicdite and petlite (3:1) and grown in
greerihoase. Three weeks after new btuds and roots
germinated, the pladlets were transferred to fleld in
Dlarch, 2006 (Fuef o, 2000; Yuef o, 2005

Leaves were sampled from eachregenerated T, plant
and used to extract genomic DHNA by the method
irtroduced by Jaghad-Iaroof ef . (1984). A pair of
gpecific  PCR grimers (P3: 5-GACTACGGATAA
COCTAAGGC P S CATCACGAGTERACG AT ACT-S
was designed bagsed on the sequence of the amplified
gene TFSl and used to amplifiy the exotic gene. The
expression vector pCWITPS1300 was used as positive
control  and  the non-transformed receptor inbred line
158-399R was used as negative control. The amplified
fragmert was cloned and sequetced at TallaRa
Biotechnolgy co, Ltd (Dalian, China.

RESULT S AND DISCU S50

Sequence of gene TPEL in Soccharomypces coravisioe:
The fragment smplified by primers PLP2 from genomic
D& of strain A3 1416 of Saccharomypees covr evisiae was
1603 bplong (Fig 2. Sequence analysis showed that this
fragment had 99 3% similarity with the secquence of gene
TRSl ZAE496) reported by DlcDougall of ol (19930
Although eleven single mucleotide mutati ons were found
duting thiz fragment and ten of them were included in
the encoding region, nine of the ten were samesene
mutations. They did not change the amino acid sequence
of the encoding protein Orly the transition from G to A
at site 1135 changed the glycine at site 356 of the
encoding protein to asparamide (Fig. 3 and 4). Therefore,
the sequence of thisfragment was iderdified as gene TFS1
of Saccharomyces cerevisize and registered at Genbank
with accession mamber EF110520.

Sccording to the result deduced by DNA Star
software, the gene TFS1 we cloned from Saccharompees
cerevisiae encoded a protein of 495 amino acid residues
(Fig 4. This protein was identified as an ascidic protein
with molecular weight of 56205 Da and isoiomnic point of
tH 528 and speculated as ahydrophilic protein since its
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of
Stwcharomyces cerevisiae

Fig 2: Amgplified fragment gene  TFST  in

proportions of leacine, valine, serine and glutamic acid
were ag high as 9.3, 9.1, 7.9 and 7.1%, respectively
Aligrament by DN ALMAW software showed that the
putative protein sequence had the sane conserved
cotitigs with  the protein  sequences  of  trehalose
aytithases in matty eukaryotic and prokaryotic of gard sm s
such as rock Uy (Elaginella lepidoplplld), upland rice
(Medicags  funcafdd),  arabidopsis CArabidopsis
thalicmd), mycetozoan (Diciposfelivm discoidersn), tice
blagt tug (Mamaporthe grised) and rice aspergillus
[Asper gillus orpzad) (undetlined inFig. 40,

Expression shucture of plasmid p CWTPS1300: Two
gpecific  fragmerts of 1603 and 10039 by were
separated by agarose gel dectrophoresis from plasmid
pCTATES1300 digested by restriction endomicleases Spel
atid Apal. They were the same long az gene TFS] and the
backbone of plasmid pCWTP31300 (Fig. 5. This result
showred that gene TFSL had been inseted into wector
pCAMBIALZ00 and plasmid pCWTP31200 had the
expression struchwe as designed.

Rates of positive calli, regeneratio n and transformation:
After two times of screening on gradiert hysromeyein
medivm, 340 and 607 pieces of positive calli were
aoreened from inbred lnes 18-339R and 18-59977
respectively. The rates of positive calli were 6.4 and
10.2%. Mo sigrificant difference was found between these
twro rates. However, the regeneration shility of 12-599R
was higher than 12-399%. The regeneration rate of
12-399F. was motre than three tim es of 12-599W Same of
the tegenerated plantlets aborted dwring the planting



Biotechnology 7 (2): 258-265, 2005

1XEB406 100
EF110520 100
1X58496 200
EF1I0520 200
1X58496 300
EF1I0520 300
1XEB406 400
EF110520 | 400
1Xe84%6 [ 500
EFLI0GS0 1 300
1X58496 600
EF1I0520 600
1X68496 oo
EF110520 | 00
1X58496 300
EF110520 M 300
1X58496 900
EF1I0520 900
1468436 1000
EF110320 1000
1458456 1100
EF110520 e 1100
1588406 Bk 1200
EF1i0s0 B 1200
1568456 IR 1300
EF110520 K 1300
1568456 18 1400
EF110520 | 1400
1568456 o8 1500
EF1i0s0 [ 1500
1468436 1600
EF110520 FAeagE: 1600

1568455 (UWR 1503
EF110520 |08 1603

Fig. 3: Sequence alignment between the amplified fragment (EF110520) and gene 7PS1 (X68496) reported by
McDougall

(ELIPELE LERFRAVP 100

GIPELEIPDI LEIFRAVPFLSDE A0 Ul
200
200

300
300

400
400

1X684%6 ) A\ | TVHPHIT A INEALTL i 1495
) 495

[
Fig. 4 Amino acid sequence of the putative protein based on the amplified fragment (EF110520) and gene TPS1
(X68496) reported by McDougall

262



Biotechnology 7 (2): 258-265, 2008

Table 1 Rates of positive calli, regeneration and transformation

Piece of Piece of Rate of positive No. of Regeneration No. of PCR Transform ation
Inbred line transformed calli  positive calli calli (%0) regenerated plants rate (%) positive plants rate (%o)

18-599R 5323 340 6.4 54 15.9 1 0.19
18-599W 5935 607 10.2 31 5.1 0 0.00
Total 11258 947 84 85 9.0 1 0.09

DL 2000 encoding trehalose-6-phosphate synthase and trehalose-

6-phosphate phosphatase were cloned from arabidopsis

and their bioactivities were identified by yeast functional

10059 b complementation (Blazqueze? al., 1998; Vogel ez al,, 1998).

P Thevelein and Hohmann (1995) found that trehalose-6-

phosphate inhibited hexokinase activity and prevented

1603 by intermediate products of carbohydrate synthesis from

Fig. 5: Restriction endeonuclease analysis of expression
vector pCWTPS1300

Positive
DL2600

Nagtive

098 76 : , . . |

1775 bp

Fig. 6: Transformed regenerated plants identified by
specific PCR amplification

(Table 1). A target fragment of 1175bp was amplified
and separated from one fertile 18-599R plant of the 85
survived plants by specific PCR amplification (Fig. 6).
Sequence analysis showed that this fragment had the
same sequence with the exotic gene 7PS1 inserted in the
expression vector.

Possible mechanism of trehalose to improve drought
tolerance: In the past, trehalose accumulation was not
found in angiospermae, except a kind of extremely
drought-tolerant myrothamnus plant (Myrothamnus
Slabellifolius) in south of Africa (Bianchi er al, 1993,
Drennan et af., 1993; Gussin, 1972). In 1998, the genes
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entering glycolytic pathway in yeast. Goddijn and van
Dun (1999) and Goddijn and Smeekens (1998) speculated
that trehalose in angiospermae have the similar
physiological functions. In their opinion, the improvement
of the exotic gene 7PS1 on drought tolerance of
transgenic plant should be due to the change of trehalose
metabolism pathway and its regulation te growth and
development (Goddijn and Smeekens, 1998; Serrano ef al.,
1999). The increase of osmoregulatory ability was not the
major reason. Goddijn et af. (1997) detected significant
increase of trehalose accumulation in transgenic plant
lines and non-transgenic contrel, after inhibiting trehalase
activity with validamycin A. It was concluded that the
activity of trehalase be higher than trehalose synthase
encoded by exotic gene. The trehalose was hydrolyzed by
trehalase before it could be accumulated in transgenic
plant. Under ordinary conditions, clear physiological
function has not been found in maize as well as other
higher plants. Therefore, we used tress-inducible
promoter mwesI20 to promote the expression of gene
7PS1 under drought stress.

CONCLUSIONS

In this study, a new sequence of trehalose synthase
gene 7PS1 we cloned from strain AS.1416 of
Saccharomyces cerevisiae. Its similarity with formerly
reported sequence of gene 7PS1 (X68496) was as high
as 99.3%. The putative protein of this sequence had
the same conserved contigs with the protein sequences
of trehalose synthases in many eukaryotic and
prokaryotic organisms. This sequence was used as exotic
gene to construct stress-inducible expression vector
PCWTPS1300 and transform embryonic calli of maize
mediated by agrobacterium. After screening and
regeneration, one fertile plant was detected to be positive
by specific PCR amplification and sequencing of the
amplified product. More detail researches should be
conducted to breed transgenic inbred line from this
positive plant and investigated the effect of the
expression of the exotic gene to improvement of drought
tolerance.
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