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Biological context

Thioredoxins belong to a superfamily of oxidore-
ductase, the function of which is either to create disulf-
ide bonds (protein disulfide isomerases) or reduce di-
sulfides bonds (glutaredoxin, thioredoxin) (Holmgren,
2000). These small molecular weight proteins (ca.
120 amino acids in the mature form for thioredoxin)
are generally very stable and excellent catalyst for di-
sulfide reduction. Although thioredoxins can be quite
divergent in their primary structure, they seem to be
related at the three-dimensional level, with all proteins
characterized so far possessing a similar architecture
named the thioredoxin fold (Eklund et al., 1984). Gen-
ome sequencing has revealed that there are multiple
thioredoxin genes in plants (at least 20 in Arabidopsis
thaliana) (Meyer et al., 2002). Although some of the
sequences exhibit unusual mono cysteinic active sites,
the vast majority of these sequences conforms to the
WCGPC canonic active site. Unlike other organisms
however, a significant fraction of the plant proteins
exhibits a variant active site with two cysteines and the
sequence WCPPC. These CPPC proteins have been
studied biochemically in poplar and Arabidopsis and
found to possess catalytic properties similar to those
of the CGPC enzymes. The use of yeast mutants has
suggested however that the CPPC enzymes may ex-
hibits specificity in some oxidoreduction reactions that
cannot be sustained by the CGPC isoforms (Brehelin
et al., 2000). In order to understand the consequence
of the G to P mutation on the structure and spe-
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cificity of thioredoxin, we have overexpressed poplar
thioredoxin h1 and purified several isotopically la-
belled samples. We report here the nearly complete
assignments of 1H, 13C, 15N nuclei as well as the par-
ticular secondary structures, a step before the full 3D
structural resolution.

Methods and experiments

The coding sequence of thioredoxin h1 from Popu-
lus trichocarpa was cloned into the expression vector
pET-Trxh1 and used to transform the expression strain
BL21. 15N and 15N/13C labelled samples were pre-
pared by growing cells at 37 ◦C in minimal media
M9, supplemented with (15NH4)Cl as the sole nitro-
gen source and with 13C-labelled or not glucose, as
the only carbon source. Purification and concentration
were made as in Behm and Jacquot (2000). Sample
purity and molecular mass (12 444 Da) were checked
by SDS-PAGE and electrospray mass spectrometry,
respectively.

The NMR sample contained 1.85 mM protein con-
centration (95% H2O, 5% D2O) in 50 mM phosphate
buffer at pH 5.9. All spectra were acquired at 298 ◦K
on Bruker DRX 600 MHz spectrometer equipped with
a 3-axis TXI probe. Spectra were processed using
the program XWINNMR (Bruker) and analysed with
the program XEASY (Bartel et al., 1995). Backbone
amide 1HN, 1Hα, 15N, 13Cα, 13C′ resonances were
assigned using 1H-15N HSQC, HNCO, HN(CA)CO,
HNCA, HN(CO)CA, CBCANH, CBCA(CO)NH and
1H-15N HSQC-TOCSY experiments, side-chain 1H,
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Figure 1. (A) 1H-15N HSQC spectrum of thioredoxin at 298◦K.
W side chain NH are outside of the region shown. (B) TALOS
predicted secondary structures.

13C resonances were assigned using 1H-15N HSQC-
TOCSY and HCCH-TOCSY.

Torsions angles (φ, ψ) and secondary structure
prediction are based on an analysis of the 1HN, 1Hα,
15N, Cα, C′ and Cβ chemical shifts using the TALOS
program (Corneliscu et al., 1999).

Extent of assignments and data deposition

More than 96% of backbone, Hα, HN, N, Cα, C′
and side-chain C, H nuclei have been assigned (i.e.,

104/107 15N-HN sites, 110/113 Cα, 109/113 Hα,
104/107 Cβ, 109/113 C′, and 95% of the side-chain
nuclei). Some peaks present in the 1H-15N HSQC
spectrum (Figure 1A) were not found in the other
heteronuclear 3D spectra. The TALOS predicted sec-
ondary structures (Figure 1B) exhibits a classical
thioredoxin fold with 5 β-strands (31% of the primary
structure) and 4 α-helices (49% of the primary struc-
ture). The CPPC variant active site does not seem to
perturb significantly the overall conformation. It will
be actually of great interest to complete this study
by the assignment of the 1H-13C-, 1H-15N-HSQC
NOESY spectra in order to get a high resolution
structure of poplar thioredoxin.

Chemicals shifts were deposited in the Bio-
MagResBank under access number BMRB-6079
(http://www.bmrb.wisc.edu).
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