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Purification of substance P endopeptidase (SPE)
activity in human spinal cord and subsequent
comparative studies with SPE in cerebrospinal
fluid and with chymotrypsin
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An enzyme activity capable of hydrolysing the neuroactive undecapeptide substance P (SP) between its
Phe’-Phé® residues was purified from the membrane-bound fraction of human spinal cords. The enzyme
preparation yielded was compared with a previously described SP-hydrolysing enzyme from human
cerebrospinal fluid (CSF) with regard to inhibition profile, protein chemical properties and kinetics. In
addition, the results were compared with those of bovine pancreatic chymotrypsin (a serine protease that
cleaves the carboxy-terminal side preferentially at hydrophobic amino acids). The SP peptidase activity was
extracted from human spinal cords with 1% Triton X-100 in 20 mM Tris—HCI pH 7.8. After ion exchange
chromatography (DEAE—Sepharose) where the enzyme activity was separated from other proteins by
gradient elution, the pooled enzyme fraction was further purified by molecular sieving (Sephadex G-50).
The enzyme activity was finally recovered by HPLC molecular sieving (Superdéx 75 HR 10/30) using a
new preparative system, ATA ™ -purifier, controlled by UNICORN ® software version 2.20) 1998 John
Wiley & Sons, Ltd.
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Introduction rather broad specificity and thus markedly hydrolyse other
peptides. However, peptidases with their specificity re-
Substance P (SP) is a neuroactive peptide which is involvedstricted to the SP structure have been reported, such as the
in a wide range of biological functions (Pernow, 1983). It membrane-bound enzyme isolated from human brain,
comprises 11 amino acids (Arg-Pro-Lys-Pro-GIn-GIn-Phe- reported by Leeet al. (1981). The enzyme cleaved the SP
Phe-Gly-Leu-Met-NH) with its C-terminal amidated. The at its GIrP-Phe, Phé-Phé and Ph&-Gly® bonds and was
attention concerning substance P as a neurotransmittertlassified as a neutral metallo-endopeptidase with a
neuromodulator has particularly been focused on its role in molecular weight of 40-50 kDa. This enzyme was also
pain transmission, since substance P-like immunoreactivity reported in rat spinal cord as a substance P-degrading
and peptide release after noxious stimuli as well as the enzyme (SPDE) with a molecular weight of 70 kDa (Probert
capability to initiate slow depolarization have all localized and Hanley, 1987). Another enzyme with high specificity
SP transmission to primary afferent terminals or the towards SP was found in human CSF (Nybet@l.,1984);
superficial region of the dorsal horn of the spinal cord it cleaved SP between the PHehé and Ph&Gly’
(Otsuka and Yoshioka, 1993). SP is synthesized as part ofresidues. This enzyme was named substance P endopepti-
larger precursor proteins. Following release, SP is likely to dase (SPE) and was described as a metal-dependent thiol-
be inactivated by peptidases. There are several enzymes thagensitive endoprotease. SPE has been characterized in rat
have the capacity to hydrolyse SP, such as dipeptidyl- spinal cord (Karlssoret al., 1997), where it strongly
aminopeptidase IV (DAP-IV) (Kateet al., 1978), angio- resembled the above-mentioned CSF enzyme in respect of
tensin-converting enzyme (ACE) (Skidget al., 1984, substrate and cleavage specificity, sensitivity towards
1987) and neutral endopeptidase (NEP) (Oblirl., 1989; group-specific inhibitors and high affinity for the substrate
Katayameet al.,1991), although these are known to have a (K, 5 uM). It is interesting to note that the fragments
released by SPE are associated with biological activity
(Haseridirl et al.,1990; Hall and Stewart, 1991; Larson and
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releasng the SP (1-7) fragment from the parentpeptide
This was compared with SPE in human CSF and with
chymotrypsin,which in sone aspets shareghe featuresof
SPE.

Experimental

Materials

Humanbrain tissuesand cerebropind fluid wereremoved
atautqsy(15-48h postmorten) andkeptfrozenat —70°C

until processd. Chymotrypsinandaprotnin werecommer-
cially purchasedrom Boehringer-MannheimBiochemtals
(Mannheim, Germany) SubsanceP, PHMB, pepstatinA,

phosphoamidon andcapbpril camefrom SigmaChemica
Co. (St Louis, MO, USA). GR-82334,L-703,806, WIN

51,708and GR-73632camefrom RBI ResearchBiochemi-

calsInternational(Natick, MA, USA). All othe chemicas
andreagers wereof analyticd reagentgradeandpurchased
from variouscommercal sources.

Purification of SPE from human spinal cords

All procedueswerecarried outat 5°C. Frozen spiral cords
(24 g) werethawedand homagenizedin 20 mM Tris—HCI
buffer pH 7.8 (10 ml g %) for 1 min. The homogenat was
extraced for 2 h during continuaus stirring. A subsguent
centrfugationwasperformedin a BeckmanJ-21centrifuge
at 20000 g for 20 min. The supenatantwascolleced and
thepelletwasresuspenedin thesameTris buffer asbefore.
The suspasionwasstirred for 2 h andthen centrifugel at
20000 g for 20 min. The resulting pellet was again
restspendedthis time with 1% Triton X-100 in 20 mM
Tris—HCI buffer pH 7.8. The suspa@sionwasstirredfor 4 h
beforeaddtional centifugation at 20000 g for 20 min. The
supenatantwascolleded andthe pelletwasdiscarded.The
Triton X-100-containng extractwas applieddirectly on a
DEAE-SepharoseCL-6B column (50 x 250 mm) and
elutedwith alinear gradientof NaCl (0—-0.5M) in 20 mM
Tris—HCI buffer pH 7.8 with 0.1% Triton X-100. Fractions
of 10 ml werecollected at a flow rate of 2.5ml min~* and
assgedfor proteincontentandenzymeactvity. Theactive
fractionswere pooledandsubjectedo molecuar sieving on
a Sephade G-50column (5 x 90 cm?). Elution wascarried
out with 0.04 M NH4HCO; at a flow rate of 1 ml min~™.
Fractonsof 10 ml werecollededandthose holdingactivity
werepooledandconcentratedoy lyophilization. The protein
wasresuspenedin 50 mM Naphosph&e pH 7.8andrunon
HPLC molecuar sievingusing aSuperde® PeptideHR 10/
30 column(PhamaciaBiotech,Uppsah, Sweden). Elution
wasperformedwith 0.04M NH4HCO; ataflow rateof 0.70
ml min~?, collecting fractions of 1.40 ml. Thoseholding
activity werepooledandregardedasthe spinal cordenzyne
prepaation. To managethe last Qurificalion step, a new
HPLC system was used, AKTA M purifier (Phamacia
Biotech, Uppsala, Sweden) AKTA ™.-purifier is an auto-
matedHPLC sysem scaledfor prepaative purificaion and
is equippedwith a binary high-performane gradientpum

with two switchvalves.Flow ratescanbeupto 10ml min™

and pressurs up to 25 MPa. A triple-wavédength UV-vis
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monitor is usedon-line with a condudivity/ pH monitor for
detection.

Purification of SPE from human cerebrospinal fluid

The procedure was carried out as descrited previousy
(Nybergetal., 1984).Briefly, the CSFenzymewaspurified
by direct subgction of human CSF to ion exchage
chromatograply (DEAE-Sephanse)followed by molecuar
sieving (Sephaex G-100).

Enzyme assay

Enzymeactivity wasmonitared by measuing theformation
of SP (1-7) using subsanceP assubstate (Pesssonet al.,

19@). A radioimmunoasay(RIA) specificfor SP(1-7)was
utili zedfor this purpo®. Substate (0.05ug) wasincubated
with 30 ul of enzymeand a cockfail of phospheamidon/
capbpril (to aconcentrationof 15 uM) in afinal volume of

50 ul at 37°C for 30 min. The reactionwasterminatd by
adding 1.0 ml of ice-cold methaml-0.1 M HCI (1:1)
followed by centrifugdion (Epperdorf centrifuge 5417,
rotor F45-2441) at 18 000g for 10 min andevapoation of

the supenatant.The RIA wascartied out in triplicate and
wasconduded asdescriledin a previouspaper(Perssoret
al., 1992). Briefly, theantibodywasraisedin rabbits aganst
the peptide—thyoglobulin conju%ate and the iodinated
pepide was usedas tracer The *#A-labdled Tyr’-SP (1—
7) and the sampleor unlabelled SP (1-7) (standad) were
thusincubatedwith specificantibodyagainstSP(1-7)in 1

ml Eppendorftubes. The tubeswere storedat 5°C until

expected equiibrium had beenestablisled (>8 h). Then
sepaationof boundpepide from unboundpeptidewasdone
basedon the charcoal adsoption techniqie asdescriled by

Persen et al., (1992). The quantity of SP (1-7) was
detemined by measuring the radioadivity in a gamma
couner. The detecton limit of the RIA and the cross-
readivity of SP(1-7)relatedpeptides in the RIA wereas
descibed by Perssoret al., (1992)

Results

The Triton X-100-oluble fraction (‘membranebound’) of
the spimal cord extract was subgcted to ion exchange
chromatograply, which resuted in the recovery of an
endopgtidaseactivity capale of releasingthe SP (1-7)
fragmentfrom SP.The enzymeactivity obtainedfrom this
step waspurified from contaminats, sinceover 90% of the
protein was removed by this procedure(Table 1). The
proteaseactvity waselutedin anareacorrespadingto 170
ml in the NaCl range0.33-0.46M of the gradient. This
actvity was further purified by molecudar sieving on a
SerhadexG-50 column,which yielded an acivity over 15
times purifiedfrom the previousstepon proteinbass (Table
1). The pooled active fraction from the Sephade G-50
column was concentrated and applied to the new HPLC
sysem. AKTA ™-purifier (Pharmaci Biotech),for HPLC
molecular sieving. The peak associged with the enzyme
acivity wasconsideed asthe spinalcord preparatn. The
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Table 1. Purification and recovery of substanceP endo-
peptidaseactivity from human spinal cord (24 g)

Specific activity
Total protein  Total activity  (pmol min~’

Step (mg) (pmol min~") mg~") Factor
Extract 852 - - -
DEAE-Sepharose 80 227 2.83 1
Sephadex G-50 5.2 73.9 14.2 5
Superdex” ’® 1.05 151 143 51

Table 2. Effects of various agentson enzymeactivity
Chymotrypsin

SPE human SPE human bovine

spinal cord  cerebrospinal pancrease
Agent Conc. (mM) (%control)  fluid (%control)  (%control)
GR-82334 0.2 42 74 41
L-703,606 0.2 81 53 38
WIN 51,708 0.2 19 37 19
GR-73632 0.2 44 44 28
Aprotinin 1 51 51 25
PHMB 1 16 54 30
Pepstatin A 1 18 86 33
EDTA 5 52 59 40

Abbreviations used are: EDTA, ethylenediamine tetraacetic
acid; PHMB, p-hydroxymercuribenzoate.

resuts from this stgp andthe overall purification areshown
in Table 1. The specificactivity in the crude extract was
difficult to estimae owing to the mary contaminating
proteag activities present however, the ion exchange step
performed on the extractdid probaly at least purify the
specificactivity of theextractto afactorof 10in magnitude,
giving the overdl purification factor to be above 500. In
order to chamacterizethe enzynes’ substrée recogniton
sites, four NKI-receptor agonsts/atagonists were used:
GR-8334, L-703,806, WIN 51,708 and GR-73%32 (RBI
Reseath Biochemicals Interndional, Natick, MA, USA).
The compoundswere incubated togetherwith substrie to
testthe sensiivity of the enzymeactivity. Interestingy, the
two SPEpreparatims differedin their inhibition profile to
these agens (Table 2). The peptidergt NKI-recepbr
agonst GR-73632 potently decrease the SPturnoverrate
for all three enzynes, while the cereébrospina fluid SPE
activity appeaed moreinsensiive thanboththe spiral cord
SPE and chymotrypsh for the pepide NKI-recepor
antagoiist GR-8334 (Table 2). The non-pgtide (andros-
tand derivative) NKI-receptor antagonst WIN 51,708
seemedo be robustat inhibiting the pepidaseacivity of
all three enzymes with a striking similarity betweenthe
spinal cord SPE and chymotrypsh. The non-peptidergic
NKI-receptorantagonst L-703,806 appearedo betheleast
potent of the four NKI-receptor substanes to inhibit the
SPEactvity. Howeve, since chymotypsin was inhibited,
this compounddistingusheschymotiypsin from the SPE
prepaations.The three enzymeswere also testedfor other
agentgTable2). Theinhibition profilesof thepepidasedor
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thes agens weresimilar asfar asthe metaldepen@nceis
concened, showing moderatebut clear inhibition by the
chehting agent EDTA. The sensitivity towards thiol-

specfic inhibitorsfactivaors seemedto be slightly less
pronowncedfor the cerebropinal fluid SPEpreparatbn. To
verify the cleavageof SPby the threeenzymesRP-HPLC
sepaation was conduded as descibed by Karlsson et al.

(1997) The major cleavagesites determired were at the
Phe’-Phé bondandatthe Phe®-Gly® bond.This observation
distinguishesSPE from the cathepsinswhich cleave SP
exclusively at the Phe-Phé bond (Benud et al., 1977).

Discussion

In the presentstudy we have partially purified an enzyme
acing on subsainceP from the membraneioundfraction of
human spinal cord. A substane P endopgtidaseactivity
wasalsorecowredfrom human cerebropinal fluid by the
method descriked previoudy (Nyberg et al., 1984). Both
enzymeswere capale of hydrolysing the undecapepde at
the Phd-Phé bond. With regardto their molecuar sizes
and inhibition profile, the two purified enzymesdiffered
from eachother.The mod obviousdivergencebetweerthe
two SPE actvities is refleded by the difference in
sensiivity to thiol-blocking agentsand pepsatin A. The
spinal cord SPEseemednud moresensitivethanthe CSF
enzynme towards PHMB. Regarihg the NKI-receptor
agonsts/atagonists GR-8334hada lesspotentinhibitory
action on the CSFSPE,while the oppcsite wasseenfor L-
703606 which is a non-petide compound. The non-
pepidergic NKl-recepta compoundWIN 51,708 potently
inhibits all three enzymes chymotrypsin included. The
tachykinin C-terminal-mimicking compound GR-73632
gives rise to a clear inhibition of the enzyne activity for
both the SPE preparatims and chymotrypsin, suggetng
that the C-termind sequencewhich is common for all
tachykinins (Phe-XGly-Leu-Met-NH,) is important for
recagnition. It is true that SPE sharessomefeatureswith,
for instane, cathepsai D, butaspreviousy shown(Karlssom
etal., 1997),severalpropertes, suchas molecularweight,
cleavagespecificty, kineticsandstabiity atneutal pH, are
distinct from those of the cathepsinsAt neutal pH in this
study, K, wasdetermired by meansof SPturnoverto be 2,
5and12 uM for the spiral cord pepidase the CSFenzyme
and chymotrysin resgectively. This high affinity for the
substate is of the same order of magritude as previousy
repoted for an SPElike activity (Nyberg et al., 1984;
Karlsson et al., 1997). Another subsance P-degradig
enzyne (design&d SPDE), which resemies the preent
prepaations, is a humanbrain endopgtidase(Lee et al.,
1981), which also hasbeenreportedto be presentin rat
spinal cord (Prokert and Harley, 1987). The preent SPE
may havea regulatoryfunction on the substane P level in
the spinal cord areaand therebycontrol the acton of the
pepidein, for instane, pain-poocessingathways.Previous
studes haveshownthatthe activity of an SPE-likeenzyme
in rat CSFis affectedduringchroric paincondition(Persson
etal., 1995).In humanCSFthe activity of SPEwasseento
be affectedin certainstaes of chroric pain (Lindh et al.,
1996).Also duringconditionsof opioid tolerancethe activity
of SPEin rat CSF seemedo be affected (Pessonet al.,
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1995).1t is clear that both enzymes purified in this study
could be of importancefor the control of the substane P
levelin the spinalcordandthusaffectthe painsignalin this
area.
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