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Biological context

Bovine seminal ribonuclease (BS-RNase) is the only
dimeric protein of the ribonuclease family, with two
identical subunits linked to each other through two
disulfide bridges between two adjacent cysteines.
Each subunit is homologous (80% identity) to bovine
pancreatic RNase A, with all the amino acid residues
of the active site present at the same sequence position
in both enzymes.

The 3D structure of BS-RNase is very peculiar,
since it is the only known dimeric enzyme charac-
terized, in solution, by an equilibrium between two
different quaternary structures (Piccoli et al., 1992).
In the form indicated as M×M the N-terminal arm is
swapped between the subunits, whereas in the form
indicated as M=M no swapping occurs.

Beside the ribonuclease activity, BS-RNase is en-
dowed with several peculiar biological activities, such
as cytotoxicity toward malignant cells, immunosup-
pression and antispermatogenesis (D’Alessio et al.,
1997). The structure of M×M has been solved by
X-ray at 1.9 Å resolution (Mazzarella et al., 1993),
whereas no structural data are yet available for the
M=M form. Insight into the structure of this form
can be gained by studying the monomeric derivative of
BS-RNase, which is an obligatory intermediate in the
folding process leading to the dimer. The monomer
can be obtained from the native protein by selective
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reduction of the interchain disulfide bridges, followed
by blocking of the sulfhydryl groups. It displays a
ribonuclease activity higher than that of the parent
dimeric protein, but does not retain any of the special
biological functions (Piccoli et al., 1998). A prelim-
inary NMR study performed in our laboratory on a
monomeric sample obtained from the native protein,
i.e. based exclusively on homonuclear data, confirmed
that the global fold of this protein is similar to that of
all RNase A-like proteins (D’Ursi et al., 1995). A more
detailed structural investigation was precluded by the
lack of heteronuclear spectra and by the heterogeneity
of the protein sample, arising from the deamidation
of Asn67 which occurs spontaneously in native BS-
RNase with formation of a mixture of Asp and isoAsp
(Di Donato and D’Alessio, 1981). To avoid this com-
plication we decided to express a mutant derivative of
BS-RNase containing an Asp residue at position 67,
also in view of the fact that this mutation does not
affect the biological activity (A. Di Donato, personal
communication).

A detailed structural comparison of this protein
with other monomeric ribonucleases can constitute the
basis to understand the requirements which induce the
N-terminal domain swapping of BS-RNase.

Methods and experiments

E. coli strain BL21(DE3) was transformed with a re-
combinant pET-22b+ plasmid cDNA coding for the
N67D mutant of BS-RNase. The plasmid was a gift of
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Figure 1. 1H-15N HSQC spectrum of the N67D mutant of
mBS-RNase. Backbone NH resonances are labelled with the residue
number.

Prof. A. Di Donato. Protein production was induced
by addition of 0.4 mM IPTG. The labelled sample
was obtained by growing the cells on a M9 minimal
medium containing 1 g/L of 15NH4Cl.

Monomeric BS-RNase (mBS-RNase) was solubi-
lized from inclusion bodies in fully reduced and dena-
tured form. Following renaturation and reoxidation in
the presence of a buffer containing oxidised/reduced
glutathione, gel filtration on Sephadex G-75 yielded
pure mBS-RNase (about 15 mg/L of LB medium and
1 mg/L of M9 medium). 2D and 3D NMR spec-
tra (COSY, TOCSY, NOESY, double quantum COSY,
15N-HSQC,15N-TOCSY-HSQC, 15N-NOESY-HSQC,
HNHA and HNHB) were collected at 500 or 600 MHz
on Bruker DRX instruments. NMR samples (2 mM)
were prepared by dissolving the appropriate amount
of protein in either 95% H2O-5% D2O or in D2O,
at pH 5.65 and 300 K. Spectra were referenced to
the water signal at 4.70 ppm. For heteronuclear ex-
periments small volume tubes were utilised (New Era
Enterprises).

NMR data were processed with NMRPipe (De-
laglio et al., 1995) and analyzed with NMRView
(Johnson and Blevins, 1994). Apart from the differ-
ences originating from the N67D mutation, the 2D
NMR spectrum of recombinant mBS-RNase was in-
distinguishable from that of the monomer obtained
from the natural protein. Almost complete assignment
of proton and 15N resonances has been achieved by
a combination of 2D and 3D experiments. The wide
dispersion of amide resonances is illustrated by the
1H-15N HSQC spectrum recorded at 300 K (Figure 1).

Extent of assignments and data deposition

Out of 125 residues (taking into account the N-
terminal Met0), 122 spin systems were partially
or completely assigned. Unassigned backbone reso-
nances correspond to Met0, Lys1 and Phe120. Iden-
tification of hydrogen bonded NHs, obtained by a
combination of H/D exchange data and NH resonance
temperature coefficients, and secondary structure ele-
ments, determined on the basis of short- and medium-
range NOEs, confirmed that the secondary structure of
mBS-RNase is very similar to that of bovine pancre-
atic ribonuclease (RNase A), the main differences be-
ing concentrated in the hinge region (residues 16–22),
i.e. in the region primarily involved in the swapping of
the N-terminal domains between the two subunits.

The chemical shift values of the proton and ni-
trogen resonances have been deposited in the Bio-
MagResBank (http://bmrb.wisc.edu) under accession
number 4980.
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