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Cloning, expression and functional analysis of the genes in
TPS/TPP trehalose synthetic pathway of Meiothermus ruber
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Abstract: By constructing the genomic DNA library of Meiothermus ruber CBS-01, the genes of trehalose phosphate synthase (TPS)
and trehalose phosphate phosphatase (TPP) involved in trehalose synthesis were cloned. The genes were cloned into the plasmid
pET21a, and expressed in Escherichia coli Rosetta gami (DE3). The activities of these two purified enzymes were confirmed by thin
layer chromatography (TLC). Meanwhile, we tested the cellular compatible solutes of M. ruber CBS-01 under different
environmental pressure, and found that under hyperosmotic pressure, this strain can accumulate trhalose-6-phosphate, but not
trehalose. These results can give more insight to future research in the roles of TPS/TPP and TreS pathway.
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Trehalose biosynthetic pathways and enzymes involved. TPS: trehalose 6-phosphate synthase; TPP: trehalose 6-phosphate

phosphatase; TreS: trehalose synthase; TreY: maltooligosyl-trehalose synthase; TreZ: maltooligosyl-trehalose trehalohydrolase; TreT:

trehalose glycosyltransferring synthase; TreP: trehalose phosphorylase.
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Fig. 2 PCR results of the mixed-plasmids and individual
transformants plasmids. (a) PCR screening of mixed
transformants. M: DNA molecular mass marker; C: the M. ruber
genomic DNA was used as templates; 1-10: plasmids of mixed
transformants were used as templates. (b) PCR screening of
individual transformants. C: the M. ruber genomic DNA was
used as templates; 1-12: plasmids of individual transformants
from the positive mixed transformants were used as templates.
The arrows show the correct PCR products.
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Fig. 3 PCR products of TPS and TPP genes. M: DNA
molecular mass marker; 1: PCR product of TPS gene; 2: PCR
product of TPP gene.
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Fig. 4 SDS-PAGE analysis of recombinant protein expressed
in E. coli Rosetta gami (DE3) (a) and enzymes purified (b). M:
protein molecular weight marker; 1: E. coli Rosetta gami (DE3)
containing pET21a induced with IPTG; 2: E. coli Rosetta gami
(DE3) containing pET21-TPS induced with IPTG; 3: E. coli
Rosetta gami (DE3) containing pET21-TPP induced with IPTG;
4: TPS purified by Ni-NTA Sepharose; 5: TPP purified by
Ni-NTA Sepharose.
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Fig. 5 TLC analysis of the in vitro TPS/TPP reaction. 1:
glucose 6-phosphate (6-P-Glc) standard; 2: UDP-glucose
(UDP-Glc) standard; 3: trehalose standard; 4: reaction product
of TPS/TPP using 6-P-Glc and UDP-Glc as substrate; 5:
reaction product of TPP using the product of line 6 as substrate;
6: reaction product of TPS using 6-P-Glc and UDP-Glc as
substrate.
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Table 1 The content of trehalose 6-phosphate in M. ruber
under hyperosmotic pressure

Content of trehalose

Cultivate conditions 6-phosphate (umol/mg)

Control 0
1% NaCl 6.010.5
2% NaCl 14.85%0.2
Induced
after 3% NaCl 23.81%0.2
cultivate
4% NaCl 32.26%0.3
5% NaCl 36.0520.6
1% NaCl 6.9040.2
Induced
during 1% NaCl + 0.5% maltose 7.35+0.1
cultivate
1% NaCl + 0.5% trehalose ~ 8.12==0.1
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Fig. 6 Phylogenetic relationship between TPS from various organisms. Sequence alignment and phylogenetic tree were done by using
CLUSTAL X v.1.83 and MEGA v.2.1. Thermoplasma acidophilum (NP_394666), Pyrobaculum aerophilum (NP_559183), Thermus
thermophilus (AAQ16095), Meiothermus ruber (FJ360766), Escherichia coli (CAA48913), Bradyrhizobium japonicum (NP_766962),
Drosophila melanogaster (NP_608827), Schizosaccharomyces pombe (CAB95998), Saccharomyces cerevisiae (NP_009684),
Arabidopsis thaliana (NP_173143), Mycobacterium tuberculosis (NP_218007), Corynebacterium glutamicum (YP_226865).
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