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Structural and Biochemical Studies of Neuropsin, a Serine Protease
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Extracellular serine protease neuropsin is expressed in the forebrain limbic area of
adult brain and is implicated in synaptic plasticity. In the present study, (1) I
characterized a crystal structure of neuropsin and (2) I identified a possible
endogenous inhibitor specific for neuropsin in vivo.

First, recombinant neuropsin was produced using a baculovirus expression system
and was purified. Two crystal forms were obtained by a hanging-drop vapor-
diffusion method with polyethylene glycol (PEG). Crystal form I belongs to triclinic
space group P/ with unit cell dimensions a = 97.16 A, b=97.12 A, c =46.75 A and
o=99.17°, 8 =99.77°, y = 117.35°. There were six molecules in the crystallographic
asymmetric unit. Crystal form II also belongs to triclinic space group P/ but has unit
cell dimensions a = 38.40 A, b=55.16 A, ¢ = 65.37 A and 0. = 95.38°, B = 89.98°, y=
110.46°. Intensity data to 3.1 A resolution for form I and to 2.1 A for form II were
collected. The 2.1-A crystal structure of neuropsin provides the three-dimensional
view of one of the serine proteases highly expressed in the nervous system, and
reveals a serine protease fold that exhibits chimeric features between trypsin and
nerve growth factor (NGF)-y, a member of the kallikrein family. Neuropsin possesses
an N-glycosylated "kallikrein loop" but forms six disulfide bonds corresponding to
those of trypsin. The ordered kallikrein loop projects proline toward the active site to
restrict smaller residues or proline at the P2 position of substrates. The loop F, which
participates in forming the S3/S4 sites, is similar to trypsin rather than NGF-y. The
unique conformations of the loops G and H form an S pocket specific for both
arginine and lysine. These characteristic loop structures forming the substrate-

binding site suggest the novel substrate specificity.




Second, a neuropsin inhibitor was detected as an SDS-stable complex with
recombinant neuropsin in extracts of the hippocampus and cerebral cortex in adult
mouse. After the purification (é 3.3 x 10*-fold purification and a yield of 1.5%),
peptide sequences were determined by amino acid sequencing and mass spectrometry,
revealing that endogenous serine proteinase inhibitor 3 (SPI3) contributed to the
formation of the SDS-stable complex with recombinant neuropsin. Addition of the
recombinant SPI3, prepared with a Pichia pastoris expression system, to recombinant
neuropsin resulted in an SDS-stable complex and the complex formation followed

bimolecular kinetics with an association rate constant (k,.) of 3.4 £0.22 x 10° M''s" and

ass.

a dissociation constant (K;) of 0.8 nM, showing that SPI3 was a slow, tight binding
inhibitor of neufopsin. Furthermore, in situ hybridization histochemistry showed that
SPI3 mRNA was expressed in the limbic system, with the most intense hybridization
signals in pyramidal neurons in the CA1-3 subfields of the hippocampus, as was
neuropsin mRNA. The finding indicates that SPI3 may inactivate neuropsin to control
the activity level of neuropsin in adult brain.

These structural and biochemical studies of neuropsin and its specific inhibitor
provide the clues to elucidate the mechanism of memory formation and to drug-design

in treatment of pathological conditions such as epilepsy.
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