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Biological context

The green fluorescent protein (GFP) from the jelly-
fish Aequorea victoria has revolutionised many areas
of molecular and cell biology research (Tsien, 1998).
GFP has been used extensively as a marker for the
expression, localisation and interactions of target pro-
teins to which it is fused (Zimmer, 2002; Zhang et al.,
2002). The usefulness of GFP is due to the post-
translational formation of a unique chromophore that
is responsible for its strongly visible green fluores-
cence, which requires no cofactors.

GFP consists of 238 residues, folded into an 11-
stranded β-barrel which is wrapped around a central
α-helix to form a β-can structure (Yang et al., 1996;
Ormoe et al., 1996). The buried chromophore is in
the centre of the α-helix and it is formed by an
auto-catalytic cyclisation and subsequent oxidation of
backbone residues Ser65, Tyr66 and Gly67. Although
at least 22 crystal structures have been deposited in the
protein database, there has been no NMR assignment
data reported to date. Evidence from crystallographic
studies shows that the chromophore is in a deeply
buried and tightly packed region within the protein
core and is, therefore, excluded from solvent. This
gives rise to the high fluorescence efficiency (Helms
et al., 1999). The chromophore has been shown to
undergo a cis-trans photoisomerisation (Chen et al.,
2001). GFP has been extensively modified through
mutations in the chromophore or surrounding β-sheets
to produce desirable properties such as maximum
emission wavelength, improved quantum yield, rapid
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chromophore maturation, greater structural stability
and also to respond to environmental factors such
as pH and ion concentration (Zimmer, 2002). GFP
has also been shown to undergo photodynamic reac-
tions such as the photo-induced decarboxylation (van
Thor et al., 2002). However, the mechanism of chro-
mophore formation and its link to protein folding and
dynamics, and the pronounced dependence of its prop-
erties on the chemical environment are still not fully
understood. The backbone assignment of GFP is a key
step towards a better understanding of these processes.
Here we report the backbone 1H, 15N and 13C as-
signment of a truncated (Met1-Ile229) form of GFPuv
which has three mutations (F99S, M153T, V163A)
that enhance solubility and fluorescence (Battistutta
et al., 2000; Li et al., 1997).

Methods and experiments

The gene encoding GFPuv (Clontech) was cloned
into a modified pRSET vector (Invitrogen) engineered
without a hexahistidine tag. A stop codon was intro-
duced at residue 230 using PCR to produce a truncated
form of GFPuv. 1H, 15N (>95%), 13C (>95%) and
uniformly 2H (∼75%), 15N (>95%), 13C (>95%) la-
belled protein was expressed in the E. coli strain BL21
(DE3) and purified by a combination of cation and gel
filtration chromatography. Selective 15N labelling was
achieved by addition of 50 mg l−1 of either 15N-Lys,
15N-Tyr or 15N-Phe to minimal media with no other
isotopic enrichment, cells were harvested after 3 h of
growth at 25 ◦C.

NMR measurements were made on samples con-
taining 1 mM protein, 90% H2O/10% D2O in phos-
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Figure 1. 800 MHz 2D 1H-15N HSQC spectrum of truncated
GFPuv at 310 K. The insert shows five resonances from histidine
sidechains.

phate buffered saline (PBS) consisting of 137 mM
NaCl, 2.7 mM KCl, 6 mM phosphate at pH 7.2.
Truncated GFPuv tends to aggregate at concentrations
higher than 1 mM. The peak linewidths decreased at
310 K relative to 298 K. All experiments for assign-
ment were recorded on a Bruker DRX 500 spectrome-
ter at 310 K. Both 1H/13C/15N and 2H (75%)/13C/15N
labelled samples were used for triple resonance NMR
experiments. Assignments were derived from both
standard and CT-versions of HN(CO)CA, HNCA,
HNCO, HN(CO)CACB and HNCACB experiments,
and the assignments were both assisted and confirmed
with reference to 2D 1H-15N HSQC spectra collected
on protein selectively labelled with 15N-Lys, 15N-Tyr
or 15N-Phe. 1H, 15N and 13C chemical shifts were
referenced relative to the frequency of the 2H lock
resonance of water.

Extent of assignment and data deposition

The assignments comprise 90% of all 1HN, 15N, 13C′
and 13Cα and 13Cβ resonances, not including the 15N
of proline or the resonances of residues 66 and 67

which lack the 1HN after post-translational modifi-
cation to produce the chromophore. The backbone
secondary chemical shifts are broadly consistent with
the secondary structure of the crystalline protein. Five
1HN/15N resonances from histidine sidechains were
also observed, four of which could correspond to
His 148, His 169, His 181 and His 199 which are
buried within the beta-barrel in the crystal structure.
Almost all of the remaining resonances were broad-
ened beyond detection in the three-dimensional exper-
iments. Among these missing peaks are residues 144–
148 and 203–208 which lie in adjacent beta-strands
close to the chromophore, and show distortions from
an ideal beta-barrel in the crystal structure. Figure 1
shows the 2D 1H-15N HSQC spectrum. Chemical
shifts have been deposited in the BMR data bank under
accession number 5666.
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