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Janica Djupsjöbacka Æ Hideo Iwaı̈

Received: 29 October 2008 / Accepted: 19 December 2008 / Published online: 13 January 2009

� Springer Science+Business Media B.V. 2009

Abstract DnaE intein from Nostoc punctiforme (Npu) is

one of naturally occurring split inteins, which has robust

protein splicing activity. Highly efficient trans-splicing

activity of NpuDnaE intein could widen various biotech-

nological applications. However, structural basis of the

efficient protein splicing activity is poorly understood. As a

first step toward better understanding of protein trans-

splicing mechanism, we present the backbone and side-

chain resonance assignments of a single chain variant

NpuDnaE intein as determined by triple resonance exper-

iments with [13C,15N]-labeled protein.
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Biological context

In protein splicing, an intervening sequence (intein) in a

host protein catalyzes ligation of the disrupted host protein

sequences and concomitant self-excision from the host

protein as a posttranslational modification (Paulus 2000).

Protein splicing could also take place in trans, when the

precursor protein containing an intein is split into two

fragments within the intein sequence. Naturally split DnaE

inteins have also been discovered that catalyze protein

splicing in trans (Wu et al. 1998). Protein ligation using

protein trans-splicing has become an important tool for

protein engineering in vitro as well as in vivo, as it has

opened new possibilities to manipulate proteins with a

covalent peptide bond as a posttranslational modification

(Xu and Evans 2005). It has been used for biotechnological

applications such as protein cyclization, site-specific

modifications, and segmental isotopic labeling (Iwai et al.

2001; Scott et al. 1999; Xu and Evans 2005; Muona et al.

2008; Züger and Iwai 2005). Although the chemical reac-

tions involved in protein splicing are generally accepted

(Paulus 2000), structural features influencing the protein

splicing reaction remain elusive. Particularly, for biotech-

nological applications such as segmental isotopic labeling,

it is of importance to elucidate the structural basis of how

the junction sequences modulate the protein splicing

activity (Iwai et al. 2006). As a first step toward under-

standing the chemical and structural basis of protein

splicing process at atomic resolution, here we report the

NMR assignments of a single chain variant of naturally

split DnaE intein from Nostoc punctiforme (Npu), bearing

robust protein splicing activity.

Materials and methods

Protein design

We have constructed a single chain variant (137 residues)

of naturally split NpuDnaE intein by fusing the N- and C-

terminal split intein fragments genetically. In addition, we

introduced a mutation of C1A and removed the C-terminal

extein sequence to avoid the protein splicing reaction

occurring during NMR measurements. The single chain

NpuDnaE intein was created by assembly PCR of the

amplified PCR products of the N- and C-terminal
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fragments of NpuDnaE intein from the genomic DNA (Iwai

et al. 2006). The PCR product of the single chain NpuDnaE

intein was ligated into pHYRSF53 resulting in pJDJRSF05,

which contains an N-terminal hexahistidine tag and a yeast

Smt3 protein as a fusion tag for protein purification. Two

glycine residues remained after the removal of His-tagged

Smt3 domain. The final protein contains the following

primary structure:

Expression and purification

The protein was expressed in E. coli ER2566 with M9

medium supplemented with 15NH4Cl and either 100%
13C6-glucose or 20% 13C6-glucose as sole nitrogen and

carbon sources (Iwai and Fiaux 2007). The cells were

disrupted by ultrasonification and purified by HisTrap

column (GE Healthcare). The fusion protein of the N-ter-

minally his-tagged Smt3 protein was digested by yeast

Ulp1 protease. The Smt3 domain, Ulp1 and undigested

fusion proteins were removed by HisTrap column. The

flow-through fractions were collected and dialyzed against

10 mM sodium phosphate, pH 8.0 and further purified with

MonoQ 5/50 GL ion-exchange column (GE Healthcare).

The protein was dialyzed against 10 mM sodium phos-

phate, pH 6.0 and concentrated by Amicon Ultra 4

centrifugal filter unit (Millipore). The sample was con-

centrated to 250 ll and transferred into a Shigemi micro

NMR tube.

NMR measurements

NMR measurements were performed at the 1H frequency of

600 MHz on Varian Innova spectrometer equipped with a

triple resonance cryogenic probe head or on Varian Innova

800 MHz spectrometer equipped with triple resonance

probe head. The experiments were performed at 298 K. For

the sequence specific assignments, the following experi-

ments were used. [15N,1H]-HSQC, [13C,1H]-HSQC,

HNCA, HNCACB, HNCO, CBCA(CO)NH, HN(CA)CO,

HN(CO)CA and CC(CO)NH (Sattler et al. 1999). The side-

chain 1H and 13C resonance assignments were based on

HBHA(CO)NH, HNHB, CC(CO)NH, HCC(CO)NH,

H(C)CH-TOCSY, HCCH-COSY, 15N-resolved [1H,1H]-

TOCSY and 13C-resolved [1H,1H]-TOCSY experiments.

The assignments of aromatic side-chains were based on the

spectra of CBCGCDHD, CBCGCDCEHE, and ct-[13C,1H]-

HSQC.

Fig. 1 Two-dimensional

[15N,1H]-HSQC spectrum of

2 mM single chain NpuDnaE

intein in 10 mM sodium

phosphate buffer at pH 6.0 at

298 K. The spectrum was

recorded at 600 MHz 1H

frequency. A total of 100

(x1) 9 683 (x2) complex

points were collected for this

spectrum, with

t1,max = 18.2 ms,

t2,max = 32.0 ms. The

assignments are indicated by the

number and one character codes

for 20 amino acids. The side-

chain resonances are marked by

‘‘sc’’. The side-chain amide

groups of asparagines and

glutamines are connected by

horizontal lines
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Assignment and data deposition

In Fig. 1, the backbone resonance assignments of the single

chain NpuDnaE intein are illustrated indicating high

quality of the NMR data. The resonance assignments were

obtained except for the first residue (numbered as -1) and

residues 122–124. 96.4% of the backbone HN, Ha, 13C,
13Ca, 15N atoms, and 96.2% of the side-chain atoms has

been assigned. This includes stereospecific assignments of

diastereoscopic methyl groups in leucines and valines

based on a fractional 13C-labeled sample. When possible,

Hb-atoms were stereospecifically assigned with 15N–1Hb

coupling constant and HN–Hb, Ha–Hb NOEs. The chemical

shift deviations of Ha, 13Ca from the random coil values

and the chemical shift index predicting the secondary

structures are plotted in Fig. 2. The chemical shifts of the

single chain NpuDnaE intein have been deposited in the

BioMagResBank (http://www.bmrb.wisc.edu) under

accession number 16009.
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Fig. 2 Plots of the secondary chemical shifts for Ha and 13Ca and the

chemical shift index (CSI). The values for glycine residues are

excluded for Ha. CSI was calculated by the program CSI with Ha,
13Ca, 13Cb, and C0 chemical shifts (Wishart and Sykes 1994)
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