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Abstract Darcin is an important lipocalin of the urinary
MUP family. These beta-barrel structures differ subtly in
sequence and function and facilitate communication
between members of the mouse population via scent marks.
Polymorphism within the family has led to the hypothesis
that individual MUPs can also contribute to social and
physiological information of the scent owner and thus
demonstrates the necessity for structural investigation of
these variations. Using conventional triple resonance
experiments, 'H "°N and '°C assignment of recombinant N
terminal hexa-histidine tagged Darcin has been achieved.
The corresponding chemical shifts have been deposited in
the BioMagResBank; Accession No. 16840.
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In the mouse, the Major Urinary Proteins (MUPs) are a

highly polymorphic class of ~20 kDa lipocalins, many of
which are synthesised in the liver and released in the urine
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to be deposited in scent marks. They fulfil multiple roles in
chemical signalling between conspecifics, including the
binding and delayed release of volatile pheromones (Hurst
et al. 1998; Armstrong et al. 2005), the encoding of the
ownership of scent marks (Hurst et al. 2001; Nevison et al.
2003; Cheetham et al. 2007), permitting the assessment of
genetic heterozygosity (Thom et al. 2008) and driving
inbreeding avoidance (Sherborne et al. 2007). Although
wild mice demonstrate highly variable individual patterns
of MUP expression (Hurst et al. 2001), these patterns are
remarkably homogenous among inbred laboratory mouse
strains (Cheetham et al. 2009).

Darcin (also known as “Peak IV MUP” (Armstrong
et al. 2005)) is an ‘atypical’ 18,893 Da MUP that differs
from other MUPs in primary sequence. It is a peripheral
gene in the MUP gene cluster and is an outlier in the
MUP phylogeny of C57B/6]J mice (Mudge et al. 2008;
MGI:3651981). It is the MUP variant that is responsible
for the binding and delayed release of the volatile
pheromone 2-sec-butyl-dihydrothiazole (Armstrong et al.
2005). It differs significantly in nucleotide sequence from
the other MUPs, with the central gene MUPS sharing
an average nucleotide identity of 99.2%, whereas the
peripheral gene MUPs, including darcin, sharing only
88.2% (Mudge et al. 2008). Darcin also exhibits atypical
mobility on SDS-PAGE (Armstrong et al. 2005). Expres-
sion is strongly male-specific among adult wild house
mice (Armstrong et al. 2005; Hurst unpublished data).
While it is consistently expressed by male laboratory
mice of the C57 lineage, expression is much more vari-
able among strains from the Castle and Swiss lineages
(Cheetham et al. 2009). New research on darcin indicates
that it is a sexual attraction pheromone that plays a key
role in attracting females to the scent of particular males
(Hurst unpublished data).
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Fig. 1 "H'N HSQC depicting NH assignment for the backbone
amides of darcin, folded peaks corresponding to sidechain Arg NH,
are depicted in light grey with backbone NH, GIn sNH,, Asn ,NH,

Methods and experiments

Native darcin was isolated from mouse urine of the C57
lineage and the darcin sequence was determined by mass
spectrometry (Armstrong et al. 2005; Cheetham et al. 2009).
This MUP sequence correlates to UniProt sequence
Q5FW60 identified from a cDNA library. The isolated
native protein lacks nineteen N-terminal amino acid signal
peptides identified in the cDNA sequence. We have there-
fore numbered the native darcin residues from residue
twenty (Glu20). A codon-optimised synthetic gene for
darcin was expressed in E. coli to facilitate the incorporation
of >N and *C uniform isotopic labelling. The gene
encoding darcin was cloned into expression vector pET28b
resulting in the first fourteen residues of the recombinant
protein (residues numbered 6-19) corresponding to the
cloning and hexa-histidine purification tag which are not
part of the native sequence. Recombinant expression was
carried out in BL21(DE3) E. coli cells at 37°C in the pres-
ence of 30 pg/mL kanamycin. To facilitate NMR assign-
ment uniform >N '3C labelling was achieved by expression
in M9 minimal media enriched with '>C labelled glucose
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and Trp NH, peaks shown in dark grey. The Asn and Gln sidechain
peaks are lined by solid lines with the sidechain of W38 labelled
‘NH,’

and "N labelled ammonium sulphate. Purification was via a
Ni** affinity chromatography using 250 mM imidazole as
eluent, prior to desalting by dialysis. Purity was assessed by
polyacrylamide gel electrophoresis and mass spectrometry.

The optimal conditions for NMR investigation are
1 mM darcin in 25 mM potassium phosphate, pH 6.8,
300 K, with 0.2% NaN5 and 10% v/v *H,O. NMR spectra
were aquired on Bruker AVANCE 600 MHz and 800 MHz
spectrometers equipped with 5 mm triple resonance
cryoprobes. Spectra were processed using Topspin2.1
(Bruker) and the Azara processing package provided as
part of the CCPN suite with assignment carried out using
CCPN Analysis (Vranken et al. 2005). Triple resonance
assignment was obtained utilising two dimensional HC and
HN HSQCs in conjunction with conventional backbone
and side chain experiments.

Assignment and data deposition

Excluding the N-terminal purification tag, 97.3% reso-
nance assignment has been completed from the expected



'H, N and "3C resonance assignment of darcin
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Fig. 2 Sequence of recombinant darcin, amides not assigned are
highlighted. Cartoon representation of secondary structure was
calculated using the software Dangle (Cheung et al. 2010) based
upon assigned C,CgH,C' and NH, unshaded areas of the cartoon
indicate regions of low confidence. The consensus secondary
structure calculated using Chemical Shift Index (CSI) (Wishart and
Sykes 1994) is also shown. An index of +1 is depicted by dark grey
bars rising above the median and corresponding to beta strands
whereas an index of —1 is depicted by light grey bars dropping below
the median and corresponding to helical regions

observable 'H '*C and '°N chemical shifts under these
conditions. This includes 99.7% backbone NH, CH, and C’
assignment. The HN HSQC (Fig. 1) identifies the primary
amide assignments and additionally side chain amides of
Asn and Gln marked by horizontal lines together with NH,
of Trp and Arg. Due to spectral folding the Arg NH, can be
seen around 115 ppm, their true '°N, resonances occur
between 81 and 85 ppm. The chemical shift dispersion
observed in the HSQC and the chemical shift index indi-
cates the presence of extended beta strands (Fig. 2). These
extended beta strands are consistent with an eight stranded
beta barrel common to lipocalins with the extended alpha
helix predicted between residues Ser146 and Glu159 is also
common to the lipocalin family. The corresponding
chemical shifts have been deposited in the BioMagRes-
Bank; Accession No. 16840.
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