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Abstract

Cathepsin K is a lysosomal cysteine protease belonging to the papain superfamily. It has been implicated as a major
mediator of osteoclastic bone resorption. Wild-type human procathepsin K has been crystallized in a glycosylated and
a deglycosylated form. The latter crystals diffract better, to 3.2 A resolution, and contain four molecules in the
asymmetric unit. The structure was solved by molecular replacement and refineR-faetor of 0.194. The N-terminal
fragment of the proregion forms a globular domain while the C-terminal segment is extended and shows substantial
flexibility. The proregion interacts with the enzyme along the substrate binding groove and along the proregion binding
loop (residues Ser138—Asn1p@t binds to the active site in the opposite direction to that of natural substrates. The
overall binding mode of the proregion to cathepsin K is similar to that observed in cathepsin L, caricain, and cathepsin
B, but there are local differences that likely contribute to the specificity of these proregions for their cognate enzymes.
The main observed difference is in the position of the short helig (67p—75p, which occupies the ‘Ssubsites. As

in the other proenzymes, the proregion utilizes the S2 subsite for anchoring by placing a leucine side chain there,
according to the specificity of cathepsin K toward its substrate.
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In the last few years there has been a dramatic growth in theondition affecting a large number of post-menopausal women
number of known mammalian cysteine proteases belonging to théMcGrath et al., 1997; Thompson et al., 1997
papain superfamilyChapman et al., 1997; Linnevers et al., 1997; As with the other members of the papain superfamily, cathepsin
Santamaria et al., 1998They can be divided into two groups K s synthesized as an inactive proenzyme, containing a 99 residue
based on their tissue distribution. Cathepsins B, C, H, and L tengroregion, and becomes activated in a low pH environment. In
to be found in most cell types and appear to play a general role initro processing of the proenzyme occurs by an autocatalytic cleav-
protein turnover. In contrast, cathepsins K, L2, O, S, and W areage(McQueney et al., 1997 The three-dimensional structure of
found in relatively few cell type§Turk et al., 1997, suggesting a cathepsin K complexes have recently been repo(tddGrath
more specialized role. Cathepsin K represents an extreme exampt al., 1997; Zhao et al., 1997and novel inhibitors of this enzyme
of the second group since it is unique to the osteoclast, the cethave been describgdhompson et al., 1997
specifically devoted to bone resorptidhittlewood-Evans et al., Cysteine proteases from the papain superfamily have been di-
1997). In this cell, removal of the organienostly type | collagen  vided into two subfamilies based on sequence analsarer
and inorganic(hydroxyapaptite components is carried out in a et al., 1993. Cathepsin K belongs to the larger, cathepsin L sub-
sealed, low pH compartment termed the ruffled border, where higtiamily, while cathepsin B is a member of the second subfamily. In
levels of cathepsin K are locatédittlewood-Evans et al., 1997  addition to some differences within the enzyme sequences, these
The importance of cathepsin K in the removal of the organic phassubfamilies differ significantly in the sequences and lengths of
is strikingly demonstrated by the finding that the human diseaséheir proregions. Cathepsin B-like enzymes have proregions of
pycnodysostosis is a consequence of inactivating mutations in thiapproximately 60 residues, while cathepsin L-like proteases have
enzyme(Gelb et al., 1996 Cathepsin K is the major mediator of proregions of-100 residue$Cygler & Mort, 1997. There is little
organic matrix turnover in bone and represents an important targetequence similarity between the proregions across the two
for inhibitor development to treat diseases such as osteoporosis,saubfamilies.

For several of the cysteine proteases, it has been shown that the
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related proteases but that the degree of inhibition varies signifimonobasic ammonium phosphate, 50 mM TiHEI, pH 8 and
cantly (Fox et al., 1992; Taylor et al., 1995; Carmona et al., 1996;15% poly(ethylene glycol 3350 (PEG3350. These crystals be-
Maubach et al., 1997 This ability of propeptides to differentiate long to the hexagonal system and have cell dimensionsl27.3,
between closely related proteases is of considerable interest far= 111.3 A. There are likely three molecules in the asymmetric
development of specific inhibitors of these proteases. The molecunit, leading to a reasonablg, = 2.4 A3/ Da. Unfortunately, these
ular architecture of the proregion-protease interactions for the paerystals diffract only to 3.4 A resolution and decay rapidly. Their
pain superfamily has been brought to light by the determination ofnvestigations were not continued at this time.
the three-dimensional structures of procathepsifCBgler et al., Suitable crystallization conditions were also found for deglyco-
1996; Turk et al., 1996 procathepsin L(Coulombe et al., 1996  sylated procathepsin K through factorial screening. After optimi-
and procaricairiGroves et al., 1996 Despite the differences in the zation, the best crystals appeared in the drops containjal &f
lengths and sequences of the proregions from the two subfamilieprotein solution 10.7 mgnL and 2uL of well solution (100 mM
their fold, mode of binding, and inhibition to the enzymes are veryTris-HCI pH 7.0, 5% 2-methyl-2,4-pentanediol, 12 n{MH,),SO,
similar (Cygler & Mort, 1997; Groves et al., 1998The structure  and 9% PEG3350Crystals appeared after 1-2 days and had to be
of procathepsin K adds to the database and provides new structurased while fresh. They are monoclinic, space gré@p, cell di-
details for this important therapeutic target. mensionsa = 58.7,b = 84.4,c = 155.6 A, 8 = 90.3. Assuming
four molecules in the asymmetric unit thg, coefficient is 2.75
A3/Da, within the expected range. Numerous attempts made to

Materials and methods flash freeze these crystals failed. Under all conditions tested there
was a significant loss of the resolution concomitant with very high
Expression and purification mosaicity. Consequently, diffraction data were collected at room

o . . temperature to a maximum resolution of 3.2 A. Two crystals were
The vector(pPIC9 andPichia pastorisstrain GS115 were pur-  hacessary for complete dataset. MAR Research area detector was
chased from Invitrogen CorporatidSan Diego, California Hu- 56 for data collection. DENZO and SCALPACK were used for

man procathepsin K was amplified by PCR from a human spleeqy,ia processing and scaling. A total of 121,990 observations be-
cDNA library (CLONTECH Laboratories, Inc., Palo Alto, Califor- 1 aan 15-3.2 A resolution were reduced to 21,801 unique reflec-

nia) using gene-specific primer&’-GCATCCGCTCGAGAAA tions (I > 1o(1)) With Rperge= 0.12 and 87.2% completeness.
AGAGAGGCTGAAGCTCTGTACCCTGAGGAGATACTGGAC-

3" and 3-CCGGCGGCCGCTCACATCTTGGGGAAGCTGGCC ) _
AG-3'). The cDNA construct included a 99 amino acid long Structure solution and refinement

proregion (1p-99p and 215 amino acid long mature enzyme \ojecylar replacement using AmoR#lavaza, 1994and proca-
(1-215. Two pqtentlal N-gly(?osylatlon sites are present in thethepsin L as a search modé?DB entry code 1CJLreadily gave
sequence, one in the proregiosn89p and one in the mature {4, expected solutions. The rotation and translation functions were
enzyme(Asn99. The gene was cloned into the vector pPICO and .5 cyjated with reflections in 8—4 A resolution range. Rigid body
expressed in the yeaBt pastorisas a preprar-factor fusion con- - yefinement in AmoRe with four molecules gaveRdiactor of 0.39
struct using the culture conditions recommended by Invitrogen,ng correlation coefficient of 0.47. This model was subsequently
The supernatant from the culture medium was concentrated andined using X-PLORBriinger, 1993including data in 8-3.2 A
equilibrated with 1.2 M ammonium sulfate and 50 mM THEEI,  eqjution range. A set of 6% randomly selected reflections was

pH 7.4 in a stirred cel(pro YM10 membrane, Amicon, Beverly, qeq for the calculation dRyee. The initial map calculated at this
Massachusettsloaded on a butyl sepharose column and elutedsiage had discontinuous density in several parts of the proregion
with a 1.2—0 M(NH,4),SO, gradient. Fractions with procathepsin

A/ X indicating local differences between the proregions of cathepsin L
K were pooled, equilibrated with 1.2 MNH,),SO,, concentrated 4 k. The density was improved by fourfold noncrystallographic

and re-applied on the same column to remove completely theymmetry averaging and solvent flattening using programs MAMA
yellow pigment. Poqled procathepsm K fractions were dialyzed, g4 RAVE (Kleywegt & Jones, 1994 Two rounds of rebuilding
overnight at 4C against 20 mM TrieHCI, pH 7.4 and 150 mM (5 (jones et al., 1991, refinement and density averaging allowed
(NH,),S0, and concentrated using Centripréf®K cut-off, Am- 4, aytend the model to include residues 7p—80p and 2-215. The
icon). Approximately half of this protein was deglycosylated by ,yeraged map ended abruptly at the residue occupying the S3 site,

incubation with Endoglycosidase/R Glycosidase mixture  gqgegting that the C-terminal segment of the proregion is either
(0.8 ug of glycosidases for 1 mg of procathepsin #8oeringher  gisordered or that its conformation differs between the four mol-

Mannheim, Germanyfor 15 h at 23C. The deglycosylated pro-  gc\jjes. The inspection of the unaveragég 3 2F. map provided
enzyme was applied to Hi-prep A Sephacryl S100 column, the 50t for the second hypothesis. The map showed electron den-
enzyme fractions pooled and concentrated. sity for the remainder of the proregion in two out of four molecules
and part of this segment for the third molecule. These were added
to the refinement and noncrystallographic restrains were applied
only to parts clearly visible in the averaged m@dgu7p-Lys79p
Crystals of the glycosylated and nonglycosylated procathepsin Kand Pro2—Met2156

were obtained using the hanging drop vapor diffusion method. The final model comprises the sequence from Leulp to Met215
Initial crystallization conditions were found through screening for molecule A, 1p—82p and 86p—-215 for molecule B, 1p—82p
(screen |, Hampton Research, Laguna Niguel, Califoraia were  and 88p—215 for molecule C, and 1p—80p, 91p—93p and 1-215
optimized further. Glycosylated procathepsin K crystallized fromfor molecule D. No water molecules are included in the current
drops containing 2«L of protein solution at 5.4 m@gnL concen-  model due to the limited resolution. The fingifactor is 19.4%,
tration, mixed with 2uL of mother liquor containing 50 MM Ryee iS 25.3% for data with > (1) and in the 8-3.2 A reso-

Crystallization and data collection
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lution shell. The root-mean-square deviatigRMSDs for bond The access to the active site in the proenzyme is obstructed by
lengths and angles are 0.006 A and %,4&spectively. The Ra- the proregion, explaining its lack of enzymatic activity. The direc-
machandran plot shows one residue per molecule with unfavortion of the extended fragment of the proregion that fills the sub-
able torsion angles, located in the poorly ordered segment neatrate binding site is opposite to that taken by the polypeptide
the end of the proregion. The coordinates of all four moleculessubstrate. This reverse orientation of the proregion renders it re-
of procathepsin K are deposited in the Protein Data B@u«  sistant to a cleavage by the Cys-His active site. The inhibition
cession code 7PCK mechanism observed here is the same as described previously in
other proenzymes from the papain superfani@ygler & Mort,
Results and discussion 1997).
The molecule of procathepsin K consists of 99 residues of th
proregion(marked with suffix p in Fig. 1and 215 residues of the
mature enzyméFig. 1). Numbers in brackets refer to papain se- The N-terminal segment of the proregion consists of taréelices
quence. Although the diffraction data extend to only 3.2 A reso-(alp = 7p—17p,a2p = 25p-51pa3p = 68p—75p and aB-strand
lution, fourfold averaging resulted in a map that is continuous(B81p= 55p—60p. The helicesx1lp anda2p are connected by a six
along most of the proregiofFig. 2) and along the entire mature residue long loop. They intersect at an angle of @6d pack
enzyme. Comparison with the recently determined structure ofightly together forming a hydrophobic mini-core, which is com-
mature cathepsin KPDB code 1IMEM(McGrath et al., 199)) prised of the side chains of Leu7p, Trp11p, Leu39p, Trpl4p, Trp35p,
indicates that there is no significant rearrangement within the proand the aliphatic part of Glu36p. The three aromatic rings in the
tease upon activation. The superposition of cathepsin K with thenini-core are stacked against each othieig. 3). However, the
corresponding portion of procathepsin K gives an RMSD of 0.5 Aimidazole ring of the nearby His10p is exposed to the solvent. Salt
for all backbone atoms of residues 1-215. Like other cysteindridges and hydrogen bonds provide additional stabilization of this
proteases from the papain superfamily, cathepsin K consists of twfpld (Table 1 and also tie these two helices to the helBp. These
domains that assemble to form the active-site cleft at their interfeatures are well conserved among the cathepsin L subfamily
face. The catalytic nucleophile, Cys25, and the oxyanion hole restGroves et al., 1998

idues are provided by the mostlyhelical N-terminal domain of The long helixa2p is connected to the strargllp by a two

the enzyme, while the His16259 and Asn182175) are fromthe  residue long loop. The two secondary structural elements run nearly
mostly B8-sheet, C-terminal domain. The proenzyme is a compactntiparallel to each other forming a hairpin-like super-secondary
molecule, with approximate dimensions of 5847 X 34 A. The  structure(Fig. 3. This arrangement is stabilized by interactions
N-terminal fragment of the proregion is globular and binds tooriginated from the Asp27p—Arg31p—Trp35p—Asn38p—lle42p—
cathepsin K through the interactions with the prosegment bindingAsn46p residues that are highly conserved in the cathepsin L sub-
loop (PBL, residue 138-156 The proregion’s C-terminal frag- family proregions—the so-called ERFNIN motiKarrer et al.,
ment assumes an extended conformation, following the substratE993; Coulombe et al., 1996; Groves et al., 19@@d in particular
binding cleft toward the N-terminal residue of the mature cathepdle42p and Asn46p. The former makes numerous van der Waals
sin K, located on the opposite side of the enzytReg. 1). The contacts while the side chain of Asn46p in helip interacts with
region beyond residue 84p is rather flexible and its conformatiorthe backbone of Leu58(B1p) via two hydrogen bonds. Equiva-
differs among the four crystallographically independent moleculeslent interactions have been found not only in the proregions of

he proregion

Fig. 1. Stereo view of the @ trace of procathepsin K. Catalytic residues and Tyr56p of the proregion are shown in full. The proregion
is drawn in thick lines.
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162 136

Fig. 2. Four-fold averageF, — F.) electron density map aroureBp helix of the proregion, displayed ailevel. The residues of
a3p are shown in thick lines and the nearby residues from cathepsin K are shown in thin lines.

cathepsin L subfamilf(Coulombe et al., 1996but also in the substrate binding site, are well ordered. Beyond residue 84p the pro-
proregion of cathepsin BCygler et al., 1996; Podobnik et al., region displays more flexibility, having somewhat different confor-
1997). Formation of the hairpin super-secondary structure allowsmation in each crystallographically independent molecule. Some of
the side chain of Tyr56p to extend away from the proregion and tdhe side chains andr backbone atoms in this segment are disor-
become a pivotal element for the interactions with the PBL of thedered and were not located in the electron density. The flexibility
mature enzyme. observed in this part of the proregion has also been noted in other
In the region C-terminal to heli®3p, the polypeptide chainisin proenzymes from the papain superfani@ygler etal., 1996; Podob-
an extended conformation. The residues 75p—84p, which cover theik et al., 1997.

Fig. 3. The stereo view of the N-terminal part of the proregion. Packing of hetidgsanda2p creates a mini-core by stacking of
several aromatic residues. The nearby His10p points outside and does not participate in these interactions. The hairpind@pmed by
andB1p is also shown. The residues forming the ERFNIN motif, Tyr56p and several residues from PBL are shown in full.
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Table 1. Salt bridges and hydrogen bonds involving side chains O=CT"184and to the side chain of Asn18#and van der Waals

that contribute to the stabilization of the proregion contacts to GIn143, Phel44, Trp184, Trp188, and Asn187.

. . Helix a3p packs against cathepsin K with its hydrophobic face
Hobond ?As)t Hobond '(DAS; i\/lnd contacts the enzyme through residues Val71p, Val72p, and

et75p (Fig. 4). It makes van der Waals contacts with residues

LysispNz . OESu28p 238 Glu2sroED . NE{PLL 33 Ser138-GInl143start of PBL, Trp184, GIn19, and GIn21. In par-
ASPESROD2 . NZLYS20P 3.2 Lys20p\7 . . OHis62p 3.3 ticular, Met75p, which occupies the S@ubsite, extends along the
GTOpOE] . NHA931P 28 crevice formed by the indole ring of Trp184 and the GIn19-Gly20—
GUT0RDED ... NHZ931P 2.9 AG3IENH ., OASPESP 2.7 GIn21 stretch. Hydrogen bonds are made by S9&P (to
ASPBROD1 ... NH2V932p 2.8 AIGSZNE ., OEFIUS6P 2.8 O=CSe"3 and O=CWs74P (with the NH groups of GIn21 and
ASMORODY.. .. NFeuSEP 2.9 LeuSSRD ... ND2P40p 3.0 Cys22. The first residue of the extended segment, Thr76p, occu-
ASNND2. .. OFYeP 2.7 ASNSIND2 ... OMeroeP 32 pies the S1subsite and fits between Asn161 and His162. Its side

chain forms a hydrogen bond to=©CAsP161 (2.9 A).

The proper orientation of helix3p relative to the N-terminal
fragment of the propeptide is maintained through interactions be-
tweena3p anda2p, in particular a salt bridge between Glu70p and
Arg31p (from the ERFNIN moti, and hydrogen bonds formed
from ND2As"38p g O=CMet66p gnd O=CCY6P (Table J).

The proregion is in contact with cathepsin K over an extended . - .
area. The surface buried by these interactions is 1,06@nthe Interact|on§ within the S subsnes. )
enzyme and 1,109 Zon the proregior(residues 86p—99p were  1he proregion follows the S subsites in an extended conforma-
excluded from these calculations due to their high flexibjiligs ~ tion- The protein we have crystallized has the wild-type active-site
in procathepsin L and procaricain, the buried surface of cathepsiﬁnd it WG.lS.Of considerable interest Fo determine if the cysteine had
K can be divided into three adjacent areas: the 138-156 surfadgeen oxidized. The electron density map suggested that the nu-
loop (prosegment binding loopPBL) (Cygler et al., 1999, the  cleophilic Cys25 was not oxidized in the crystals. A similar ob-
hydrophobic groove leading to the active-sitecluding S sub- servatlon_ was made in the case of wild-type human proc_athepsm B
siteg and the substrate binding subsites S1-S3. (Podobnik et al., 1997but in the case of procathepsin L the
active-site cysteine was found oxidize®l. Coulombe & M. Cygler,

- unpubl. data The proregion of procathepsin K approaches the

Prosegment binding loop (PBL) catalytic Cys25 closelyFig. 4). The shortest distance is to the

The prosegment binding loop, Ser138-Asn1587-155 in pa-  Thr76p—Gly77p peptide bor(8.4 A), made possible due to the lack
pain), is a large omega loop placed on cathepsin K surface. A shorgf 5 side chain on residue 77p. The carbonyl of this Gly77p is
section in the middle of this loop, Gly148-Tyr150, forms a fifth hydrogen bonded to NEY®6 (2.8 A). The proregion utilizes also
strand of the maing-sheet of the C-terminal domain with two the oxyanion hole. The carbonyl oxygen of Thr76p extends into
hydrogen bonds between strands four and five;*&°...NV™° s region and forms hydrogen bonds with NE9 (3.1 A) and
(2.7 A) and N2197,. QD" 150 (2.9 A), and a longer contact NCys25(3.1 A).

Nbeutos, . o148 (4.2 A). The proregion'sg1p strand(Thr55p— The S2 subsite plays the most important role in determining
Met60p extends this main sheet by pairing with Phe144-Val1l49gpstrate specificity of enzymes from the papain superfaiSityrer,
segment of PBL in an antiparallel modgig. 3 and making four 1997 The preferred P2 residue for cathepsin K is a leutBremme
hydrogen bonds: RS9, QPhel44 (2.8 A), OGS NSM6 o 5 1996. The proregion utilizes this subsite for binding and,

(3.1 A), NGWWSTp__ OLys147 (3.3 &), QTN'S5p, NVall49 (3 1 A). Sev- like the best substrate, inserts there the side chain of Leu78p.
eral side chains of the proregion participate in van der Waals

con_tacts with the enzyme. Part_icularly extensiv_e are thg imerComparisons with other proenzymes

actions of the aromatic side chain of Tyr56p, which occupies the o )

center of the PBI(Fig. 3 and extends the cluster of aromatic side The level of sequence similarity between the proregions of cathep-
chains, which include: Phe14241), Tyr145(144), Tyr150(149), sin L subfamily of cysteine proteases is lower than that for the
Trp184(177), and Trp188(181). Significant contact area is also Mature enzymes and is in most cases below 30%. Nevertheless, the
provided by Leu58p and Thr55p. Other van der Waals interactioné'e® known three-dimensional structures of these proregions are
involve the N-terminal part of PBL, in particular residues Thr140 Very similar(Fig. 5 and it is expected that this will be the case for
(139), Ser141(140), Phe144143), and GIn143142), which come  Other members of this subfamily. All of them utilize the S2 subsite
into contact with the face of helix2p containing residues Asn38p, for binding of a branched residue or a phenylalanine. The insertion

Tyr41p, and lle42p. The total surface area of PBL in contact withint® the S2 subsite is fastened by two hydrogen bonds to Gly66
the proregion is 512 & (cathepsin K or its equivalent, located opposite. The binding of

the proregion and the recognition of the enzyme are then confined
to the area between the two constant attachment points: the aro-
matic residue in the center of PBL and a hydrophobic residue in the

The groove on the 'Sside of the active site is lined with pro- 57 subsite. The main determinants of the recognition have to be
segment residues that come from the loop following strabd  |gcated within this area of the proregion.

and from the helixx3p. The beginning of the loop forms a tight

bend clustering together the side chains of three residues: Asn61p, Helix a3p

His62p, and Leu63fFig. 4). They provide hydrogen bonds through ~ The present structure confirms that the location of hel
the side chains of Asn6lfto O=CC"43%) and His62p(to  differs the most between the proregiotfSig. 5. The center of

Proregion-cathepsin K interactions

Interactions within the Sside groove
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Fig. 4. The interactions between the proregion and the enzyme in the S’asitS Helixa3p and the preceding loop occupies the
S’ side. The carbonyl group of Thr76p occupies the oxyanion hole and the S2 subsite is occupied by Leu78p. The relevant hydrogen
bonds between the proregion and the enzyme are shown in dashed lines. The proregion is shown in dark lines and hydrogen bonds in

dotted lines.

Fig. 5. The superposition of & traces of the proregions of cathepsin($olid line), cathepsin L(dashed ling and caricaindotted
line). The transformation matrix was calculated based on the correspondirgoGs of residues from the N-terminus to residues in
the enzyme active site.
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Fig. 6. The electrostatic potential of the contacting surfaces of the proregion and cathepsin K. The potentials were calculated
independently for each pai: Surface of the proregion facing the enzyme, residues 80—-99 were omitted from the picture. Cathepsin
K is shown as a backbone worm. The parts of the enzyme in contact with the proregion are shown in green. The Idrugtdéoop

left) is the PBL.B: The surface of cathepsin K facing the proregion. The proregion is shown as a backbone worm with the part in close
contact with the enzyme painted green. The residues Tyr56p, Val71p, and Val72p are shown in full. The two views are related by a 180
rotation along vertical axes. The complementarity of the electrostatic potential distributions along contacting surfaces is also visible.

helix a3p is located approximatgl2 A closer to the surface of of the long helixa2 resulting from a slightly different curvature
cathepsin K than in procathepsin L and procaricain. The differencand tilt of the helix in each proenzyme. The largest deviation is
in the position ofa3p between procaricain and procathepsin L observed for procaricain.
corresponds to a shift along the helix axis and was postulated to be As in the other proenzymes, electrostatic interactions are also of
a result of an insertion between the P1 and P2 subsites in thinportance for procathepsin K. The electrostatic potential distri-
former. There is no such insertion in procathepsin K when com-butions, calculated for the proregion alone or for the enzyme, are
pared to procathepsin L and the shift is in a direction perpendiculacomplementary along the interacting surfacegy. 6), as in other
rather than parallel, to the helix axis. proenzymegGroves et al., 1998 However, the signature of the
The observed difference likely results from a difference in thecathepsin K proregion differs from the other enzymes, supporting
sequence in the center of the hedigp face that is directed toward the notion that electrostatic forces play a role in determining the
the enzyme. The two key side chains for contacting the enzyme argpecificity of recognition between the proregion and its cognate
Phe71p—Arg72p in procathepsin L and Phe78p—Asn79p in procaenzyme.
icain. The phenylalanine points directly toward the enzyme and
contacts many residues. The corresponding side chains in proc%fcknowled ment
thepsin K, Val71p—Val72p, are small and to maintain good van def 9
Waals contacts, the helix has to move closer to the protein surfacgve would like to thank Dr. J.S. Mort for careful reading of the manuscript
Sequence alignmer(Coulombe et al., 19960f the proregions and helpful comments.
shows that most of them contain phenylalanine in the first of these
two positions and a large side chaiArg-Lys-Asn-GIn in the
second. Apart from procathepsin K the other proregions with smal
side chains in these positions are those of cathepsins S, with VVaBromme D, Okamoto K, Wang BB, Biroc S. 1996. Human cathepsin 02, a
Met/lle sequences, and of cathepsins H, with Adir-Lys/Ala matrix protein-_degrading cysteine pro_tease expressed in os_teoclasts. Func-
sequences. Additional sequence similarity between procathepsins tc'ﬁ;fgcfgﬁgfiﬂggfo;z“e??;ngfg;gFggegzgpﬂgfggt_ezrisgf'g'perda’”d
Kand S in the subsequent segment covering the substrate bindingunger AT. 1993X-Plor Version 3.1 New Haven, CT: Yale University.

site suggests that the hel8p in these two enzymes is positioned Carmona E, Dufour E, Plouffe C, Takebe S, Mason P, Mort JS, Menard R. 1996.
in a similar way. Potency and selectivity of the cathepsin L propeptide as an inhibitor of
cysteine protease8iochemistry 38149-8157.

Chapman HA, Riese RJ, Shi GP. 1997. Emerging roles for cysteine proteases in
PBL human biologyAnnu Rev Physiol 563-88.
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An aromatic residue packs against the center of the PBL and addé/gfler l\l/l l\lflllor(tj JS'f-lgy%: .Pr0r6fgi0n structure Qf_r;;_m%?rs of ;g&ga%aéig super-

; ; ; amily. Mode of inhibition of enzymatic activityBiochimie —652.

to the aromatic CIUSI.er of hlghly Co.nserv.ed. residues. T.he ShortCygler M, Sivaraman J, Grochulski P, Coulombe R, Storer AC, Mort JS. 1996.
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