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Clogtridium litorale Thioredoxin playsimportant rolesin
thioredoxin Cys-Va-Pro-Cys the cellular oxidoreduction reactions, such as
thioredoxin reductase the reduction of ribonucleotides. The
thioredoxin catalytic centers of these proteins are
thioredoxin contained within thiol/disulfide segments,
reductase which exhibit the consensus bis(cysteinyl)
sequence Cys-Gly-Pro-Cys. However, a
CXXC Val for Gly substitution takes place in this
X E. colithioredoxin - songensus sequence in Clostridium litorale
Gly va thioredoxin. Moreover, this protein
E. coli thioredoxin reductase manifests null activity in the
thioredoxin oxidation-reduction system catalyzed by E.
Keat/Km 17 Km  coli thioredoxin reductase.  To investi gate
whether the inactivation is attributed to a
(Cerr) 12 inetic effect of the Gly® Val on the
thioredoxin reductase catalyzed reaction, to
(Ko) 14 the ateration of the redox potential of the
35mV protein by Gly to Val replacement, or to other
Gly® va thioredoxin  reason, we substituted Val for Gly at position
reductase 33inthe active site of E. coli thioredoxin.
Clostridium

litoralethioredoxin
thioredoxin reductase

Surprisingly, in the redox reaction catalyzed
by thioredoxin reductase, the G33V mutation
only lowers kea/Km by 1.7 folds, which is
mainly dueto araise of K,. Thethiol



effective concentration (Ces) of the mutant is
dightly higher, approximately 1.2 times, than
that of the wild-type protein.  Direct redox
equilibrium ratio (K12) between the mutant
and the wild-type proteinsis about 1.4.
Hence, the mutation decreases the redox
potential by approximately 3.5 mV. These
results demonstrate that the Gly® Va
substitution does not have substantial effects
on the kinetics of the thioredoxin reductase
catalyzed reaction or the redox properties of
the protein. Therefore, the loss of function
of the Clostridium litoralethioredoxin must
be attributed to other amino acid changesin
this protein.
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Thioredoxin isasmall protein with two
redox-active half-cystines in the active site.
The function of thioredoxin includes
reduction of methionine sulfoxide and sulfate
(1), hydrogen donor for ribonuclectide
reductase (2), regulatory factors for
photosynthetic enzymes such as spinach
chloroplast fructose bisphosphatase and
NADP-dependent malate dehydrogenase (3,
4) etc.. For thioredoxin to be functional in
these reactions, the protein needs to be
reduced by NADPH in areaction catalyzed
by thioredoxin reductase as follows (5),
Trx-S, + NADPH + H «  Trx-(SH)2 +
NADP* (1)
Where Trx-S, and Trx-(SH), refer to the
oxidized and reduced thioredoxin,
respectively.

From bacteriato human, the active site
region is highly conserved with an amino
acid sequence of Cys-Gly-Pro-Cys. The
dipeptide sequence encompassed by two
half-cystines is thought to be important in
modulating the redox properties of the
thiol-disulfide oxidoreductase of thioredoxin
enzyme family that possesses Cys-X-X-Cys
motif (6). Our previous studies (7) showed
that thioredoxin with CDPC active site
reduces catalytic efficiency of thioredoxin
reductase by approximately 10 folds.
Therefore, amino acid at position 33 (follows
E. coli sequence) of thioredoxin also seems
to be important for the catalysis of equation.
1 by thioredoxin reductase.

A deviation of the consensus sequence
was reported by Kreimer et a. (8) for the
thioredoxin from Clostridiumlitorale  The
active site has a sequence of
Cys-Va-Pro-Cys. These authors showed
that this thioredoxin was inactive in
heterologous enzymatic assays with
thioredoxin reductase from E. coli.
of function, in principal, could be a
consequence of deficiency in kinetics of
catalysis performed by thioredoxin reductase
on C. litoralethioredoxin or/and the redox
potential of the protein. Moreover, in view
of the high conservation of the active site
sequence, the loss of enzymatic activity of E.
coli thioredoxin reductase with C. /itorale
thioredoxin could be due to the amino acid
substitution from Gly to Val at the active
center.

Theloss



In this study, we generated Gly® Val
substitution in E. coli thioredoxin to
investigate the effects of Val for Gly
substitution on the redox properties and
kinetic behavior of E. coli thioredoxin. The
results demonstrate that the substitution does
not impart substantial change in either
Kinetics or redox properties. Therefore, the
inactivation of the C. /itoralethioredoxin in
the heterologous enzymatic system is not
caused by the variation of the active site
consensus sequence.

Ste Directed Mutagenes's for G33V
Thioredoxin and Purification of Protein
Sequential PCR method was used to
obtain G33V mutation. A plasmid, pET/trx,
carries the wild-type thioredoxin gene was
used astemplate. Thefirst reaction uses a
5 primer of sequence
5 TAATACGACTCACTATAGGG3 (T7)
and a3’ primer of sequence
5 TTGCACGGAACGCACCACTCTGCZ
(G33V). Underlineindicates the position of
the amino acid substitution from Gly to Val.
For the second reaction, an oligonucleotide
of sequence &’
TGATGGTGCATAAGGCCTGAACCAGA
TCAG3 wasused as 3 primer, and the
product of thefirst reaction was used as 5’
primer. The product of the second reaction
was ligated to pPGEM-T Easy vector.  After
transforming E. coli DH5a, white colonies
were selected from X-gal and ampicillin
plates. The size of the plasmid was checked,
and the mutation the gene was confirmed by
DNA sequencing. The plasmid was

scissored with Xbal and EcoRl, and the
mutant gene was ligated between the same
sitesof pET toyield pET/G33V. The
mutant protein was purified by DEAE and
G50 chromatography. Electrophoresis of
the protein on SDS-polyacrylamide gel
showed a single band.

Measurements of Cest

Cei Of the wild-type and the G33V
mutant protein were measured using
glutathione as the reference.  The measured
Ceff of wild-type protein was 13 M, and 16
M for G33V mutant protein (Table1). The
value for the mutant proteinis only alittle
higher than the wild-type protein. However,
we think that thisincrease is significant.

Direct Equilibrium Ratio

Direct redox equilibrium ratio (K12)
between G33V thioredoxin and the wild-type
thioredoxin was measured. A valueof 1.4
was obtained. This demonstrates that G33V
is somewhat more reductive than the
wild-type protein.

Oxidoreduction Catalyzed by E. coli
Thioredoxin Reductase

E. coli thioredoxin reductase catalyzes
the electron transfer between NADPH and
thioredoxin. Kinetic parameters of this
reaction when using wild-type and G33V
mutant proteins as electron acceptors were
studied. G33V substitution does not
significantly affect ke, Whereasit increases
Km by 1.8 folds. Therefore, the catalytic
efficiency decreases approximately 1.7 folds
compared to the wild-type protein (Table 2).



Direct equilibrium ratio between G33V
and wild-type proteins showed that Gly to
Val replacement generates a more reductive
protein.
demonstrate this trend, although the
Other mutations at

C«t measurements also

differenceis very small.
this position will be performed in the future
to look into this minute change. The
Gly® Va mutation lowers that redox
potential by 3.5 mV as demonstrated by
direct equilibrium and Cg.  Such changeis
perhaps even better suited for thioredoxin
itself with regard to its reductive functionsin
many cellular events. However, asthe
reduction of thioredoxin in vivo is catalyzed
by thioredoxin reductase, it is also necessary
to consider this part of the electron transport.
The transport of electrons from NADPH to
G33V thioredoxin catalyzed by thioredoxin
reductase is somewhat hampered by the
1.8-fold increase compared to the wild-type
protein, while the k¢ remains unaffected.
The overall catalytic efficiency of
thioredoxin reductase decreases by 1.7 folds

when using the mutant thioredoxin.

From our results, it is clear that the Val
for Gly substitution does not provoke a

substantial change in the redox potential or

the kinetics of thioredoxin reductase
catalyzed reaction.
C. litoralethioredoxin with E. coli

The incompatibility of

thioredoxin reductase is therefore not caused
by the G33V replacement of the consensus

sequence. C. litoralethioredoxin also

contains other residues that differ from E.

coli thioredoxin. It islikely that some of

these dterations contribute to the observed

incompatibility.
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Figure 1. The kinetics of G33V and
wild-type thioredoxin as substrates of
thioredoxin reductase. The assay mixture
contains 3.6 nM of thioredoxin reductase, 0.1
to 5.3 MM of wild-type or G33V thioredoxin,
0.24 mM NADPH, 0.1 mg/ml BSA, 0.5 mM
DTNB in 0.1 M sodium phosphate buffer, 2
mM EDTA, pH 7. [, wild-type thioredoxin;
O, G33V thioredoxin.
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Table 1. Redox Properties of G33V and Wild-type Thioredoxin

Trx Cat Direct equilibrium A E”
(M) ratio between G33V (mV)
and wild-type (K1,)
G33V 16+1 1.4+0.1 -35
Wild-type 13+2

Table 2. Kinetic Parameters of the Thioredoxin Reductase Reaction with Thioredoxin at pH 7,
25°C

Trx kcat Km kcat/ Km
(min) (M) (MM min™)
G33V 1340+120 2.7+0.2 496

Wild-type 1250+100 1.5+0.1 833
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