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ABSTRACT: The filarial nematodeBrugia malayj is a causative agent of lymphatic filariasBm-spn-2

one of two serpin genes identified B malayj is expressed only in humans where the encoded protein,
BmMSPNZ2, is secreted by blood-dwelling microfilariae. Previous work reported that BmSPN2 could inhibit
the activities of elastase and cathepsin G from human neutrophils, despite an atypical amino acid sequence.
This did not fit with accepted theories as to the sequence requirements of serpins for proteinase inhibition.
We have cloned and expresdgah-spn-An Escherichia coliand characterized the structural and functional
properties of recombinant BmSPN2. Sequence alignment, circular dichroism spectroscopy, and susceptibility
to cleavage by proteinases all suggest that BmSPN2 shares the tertiary structure typical of the serpin
family including an accessible reactive center loop. However, we have found that BmSPN2 has no effect
on the activity of neutrophil elastase or cathepsin G and does not form SDS-stable complexes with these
proteinases. We provide evidence that BmSPN2 cannot undergo the characteristic stressed to relaxed
transition required for proteinase inhibition by serpins. We conclude that BmSPN2 is not an atypical
inhibitor but is a new noninhibitory serpin, in keeping with its sequence.

The serpins 1, 2) are a superfamily of homologous Two serpins have been identified in the filarial nematode
proteins that mostly act as serine proteinase inhibitors. Brugia malayj a causative agent of lymphatic filariasis.
Serpins in human plasma control the major proteolytic Filarial nematodes are transmitted to their human hosts by
pathways including blood coagulation, fibrinolysis, comple- mosquitoes. They migrate to the lymphatic vessels where
ment activation, and inflammation. Unlike typical proteinase sexually reproducing adult worms release millions of micro-
inhibitors, the serpins have a highly mobile reactive center filariae into the bloodstream. Adult worms may live for more
loop. The reactive site acts as a peptide bait for the targetthan 7 years in their host and microfilariae may survive in
proteinase, which cleaves the serpin between residues at th¢he blood for at least a year, but the mechanisms by which
P1 and P1 positions. Cleavage is accompanied by an the parasite evades the human immune response are poorly
extraordinary topological transformation in which the cleaved understood.
reactive loop of the serpin drags the tightly attached The two serpin genes iB. malayj' Bm-spn-1 andBm-
proteinase along the length of the molecule, causing defor-spn-2(8, 9) are not closely related phylogeneticalBm-
mation of the proteinase that results in irreversible inhibition spn-1lis expressed during most stages of the parasite’s life
(3). The cleaved loop becomes inserted in the center of thecycle, butBm-spn-2is expressed only in the microfilarial
serpin molecule as a new strand in a laf§ysheet (sheet  stage, where it represents greater than 2% of the mRA)A (

A), and the serpin is converted from its native stressed (S) The gene products, BmSPN1 and BmSPN2, share sequence
conformation to a more stable relaxed (R) ford). ( identity of only 28%. BmSPN2 contains 428 amino acids

A few serpins show no inhibitory activity, and the including a putative signal peptide (amino acids2D) and
conserved framework of the molecule has apparently beenis secreted into the bloodstream. A previous sti@yqund
adapted for new functions. Examples of noninhibitory serpins that recombinant BmSPN2 appeared to inhibit the activities
include angiotensinogerb), which acts as the donor of a of elastase and cathepsin G from human neutrophils although
vasoactive peptide, and heat shock protein @y Wwhich it has an atypical reactive center sequence for an inhibitory
plays a role in collagen folding. Almost all the noninhibitory  serpin with a hinge sequence from P15-P10 of GINNEN
serpins appear to be fixed in a native conformation resem- (Figure 1). To resolve this ambiguity, we have carried out
bling the uncleaved active (S) conformation of inhibitory further studies of the protein. BmSPN2 was recloned, and a
serpins. With a few exception3)( the S to R transition is

considered to be a predictive marker for serpins with ! Abbreviations:B. malayj Brugia malayj E. coli, Escherichia coli

inhibitory potential. S. aureus Staphylococcus aurey®MSF, phenyl methane sulfonyl
fluoride; AEBSF, aminoethyl benzenesulfonyl fluoride; IPTG, isopro-

pyl-f-p-thiogalactopyranoside; SDFAGE, sodium dodecyl sulfate
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Ficure 1: Primary structure of the reactive center loops of

Stanley and Stein

Table 1: Comparison of DNA Sequences and Predicted Amino
Acid Sequences of the Two Natural Variants of BmSPN2

BmMSPN2PV BmMSPN2AI
nucleotide DNA sequence amino acid DNA sequence amino acid
687 CCA Pro (221) GCA Ala
699 GTA Val (225) ATA lle
1346 TA TGATAA

a Amino acids are given in single letter code. Numbering corresponds
to the derived sequence from tBen-spn-2cDNA where nucleotide

BmSPN1, BmSPN2, and other Serpins_ Comparison of the amino 27 initiates the codon for the fMet residup 6f the precursor BmSPN2

acid sequences from P18-Rgf three inhibitory serpins (human
antitrypsin @7), antichymotrypsinZ8), and antithrombinZ9)) and
three noninhibitory serpins (human angiotensinod), (chicken
ovalbumin 31), and human pigment epithelium-derived fac@)f
with the reactive center regions of BmSPNg) &nd BmSPN29).
The position of the reactive site is arrowed.

polypeptide 9).

5-CCGTTCTATTCACCACGGCTACGCGTAACTGATA-
TGCC-3 (nt 675-712) and 5GGCATATCAGTTACGCG-
TAGCCGTGGTGAATAGAACGG-3and the QuikChange
Site-directed Mutagenesis protocol (Stratagene). Since both

second natural variant was identified. Both variants were sequences probab|y reflected natural proteins’ both variants

expressed iEscherichia coland found to behave identically.

We provide evidence that BmSPN2 does not function as a

proteinase inhibitor although it shares many structural
features common to other serpins.

EXPERIMENTAL PROCEDURES

Materials. Human neutrophil elastase, cathepsincG@;
antitrypsin, andol-antichymotrypsin were from Athens

were expressed, purified, and compared in all experiments.

Expression and Purification of Recombinant BmSPN2.
Expression and purification of recombinant BmSPNZEin
coli were carried out as described previoudy Competent
BL2I (DE3) recA (pLysS) cells were transformed with the
BmSPN2 cDNA-containing pET16b plasmids and selected
on Luria Broth plates containing ampicillin (Ap, 5@/mL),
chloramphenicol (Cm, 2ag/mL), and tetracycline (Tc, 25

Research and Technology (Athens, GA); human thrombin, xg/mL). Single colonies were used to inoculate LB contain-

Factor Xa, plasmin, T4 DNA ligase, and AEBSF (Pefabloc)

ing 2% glucose, Ap, Cm, and Tc incubated at°€7to an

were from Roche; chicken egg albumin, tPA, and Protease ODgg, 0.8, and expression was induced with the addition of

Inhibitor Cocktail Set Il were from Calbiochem; restriction
enzymes were from New England Biolabs (Hitchin, UK);

IPTG. The cells were incubated for an additibdah at 25
°C, collected by centrifugation, and resuspended in 20 mM

Factor Xa was from Novagen; Bradford assay reagent wasTris, 500 mM NaCl, 5 mM imidazole (pH 8.0). The cells

from Pierce; polyacrylamide gel protein markers were from
Bio-Rad; ampicillin, chloramphenicol, tetracycline, and iso-
propyl-1-b-thiogalactopyranoside (IPTG) were from Mel-

ford Labs. Ltd. (Ipswich, UK); recombinant human antichy-
motrypsin and His-tagged antitrypsin were gifts from Drs.
D. Crowther and A. Zhou, respectively; antibody to BmSPN2
was a gift from Prof. R. Maizels (University of Edinburgh);

were sonicated on ice, and the soluble fraction was collected
after spinning for 20 min at 16 0@0 Cleared lysate was
loaded onto 2.5 mL His-Bind resin (Novagen) equilibrated
with 20 mM Tris, 500 mM NacCl, 5 mM imidazole, pH 8.0.
The column was washed with 20 mM Tris, 500 mM NacCl,
5 mM imidazole, pH 8.0, followed by 20 mM Tris, 500 mM
NaCl, 60 mM imidazole, pH 8.0 and finally 20 mM Tris,

and oligonucleotides were purchased from the Protein and150 mm NaCl, pH 8.0 before eluting BmSPN2 with 20 mM

Nucleic Acid Facility, Department of Biochemistry, Uni-

Tris, 150 mM NaCl, 50 mM EDTA, pH 8.0. After nickel

VerSity of Cambridge. All other reagents were pUrChaSEd from af'f|n|ty Chromatography, BmSPN2 was further puriﬁed by

Sigma.

Vector Construction of Recombinant BmSPRNZDNA
fragment encoding BmSPN2 was isolated fro.analayi
microfilarial cDNA library (10) by PCR amplification
performed with primers'sSCGCGCATATGAACAGTACTT-
TAAACCA-3' (nt 87—103) and 5GCATATGTTATTCAA-
CATCATATTT-3' (nt 1403-1386). The resulting 1.2 kbp
product was ligated into pPGEM-T vector (Promega), trans-
formed into E. coli IM109 (New England Biolabs), and
verified by DNA sequencing of the entigm-spnZgene. A
1.3 kbp Nde | fragment was subcloned into pET16b

(Novagen) to allow expression of BmSPN2 with a cleavable

N-terminal Higioytag.
As compared to the original sequence (gfTable 1),
our construct had two point mutations within the coding

gel filtration chromatography on a HiLoad 16/60 Superdex
200 column (Amersham Pharmacia Biotech) equilibrated
with 20 mM Tris, 150 mM NaCl, 5 mM EDTA, pH 8.0.
The protein was concentrated in a 30k cutoff spin concentra-
tor (Vivascience) and filtered through a Quen spin filter
(Amicon). Protein quantitation was performed using the
micro-Bradford assay with bovine serum albumin (Fraction
V; BDH) as standard.

The N-terminal (His)r-tag on BmSPN2 was removed by
cleavage with Factor Xa. After the reaction, Factor Xa was
removed by capture on Xarrest Agarose, and uncleaved
BmSPN2 was removed by capture on a His-Bind resin Quick
300 cartridge (Novagen).

Design of ExperimentsAll experiments were carried

region and one 4 bp insertion downstream of the coding out using four. different_ protein pr_eparations in parallel:
region, which encoded two amino acid substitutions, P221A BMSPN2PV with and without the His-tag and BmSPN2AI

and V225|. Mutagenesis of our expression construct (pET-

BmSPN2AI) to give the original sequence (PET-BmMSPN2PV)

with and without the His-tag.
Proteinase Inhibition StudieThe ability of BmMSPN2 to

was accomplished using the complementary oligonucleotidesinhibit human neutrophil elastase (HNE) and cathepsin G
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(CatG) was assayed in solution using chromogenic substrates. Circular Dichroism.CD spectra were recorded between

0.8 uM proteinase and-835 M BmSPN2 were incubated
at room temperature for 10 min in 144 of 20 mM Tris,

195 and 250 nm on a Jasco J-810 spectropolarimeter with
0.15-0.25 mg/mL protein in 10 mM sodium phosphate

150 mM NaCl, pH 8.0. Reactions of proteinase with BSA buffer (pH 7.9). Each spectrum represents the average of
were assayed under identical conditions. Equivalent reactionsfive scans. Two such spectra were averaged, and the data
were performed between BmSPN2 and HNE or CatG in was smoothed. Thermal denaturation was followed by
which the total protein concentration was kept constant at monitoring the CD signal at 222 nm as a function of

35uM by addition of BSA and betweenl-antitrypsin with
HNE and al-antichymotrypsin with CatG as controls.
Residual proteinase activities were determined in duplicate
aliquots by addition of 0.9 mL of 1 mNl-methoxysuccinyl-
Ala-Ala-Pro-Valp-nitroanilide in 50 mM Tris-Cl, 300 mM
NacCl, 0.1% PEGS8000, pH 7.5 for HNE or 0.9 mL of 1 mM
N-succinyl-Ala-Ala-Pro-Phgs-nitroanilide in 50 mM Tris-

Cl, 600 mM NaCl, 0.1% PEGB8000, pH 7.5 for CatG.

temperature. Melting pointsT{,) were calculated using an
expression for a two state transition as described previously
(6, 12). Data were smoothed and averaged over at least two
experiments.

Polyacrylamide Gel Electrophoresi$he discontinuous
system of Schagger and von Jagd8)(was used for SDS
polyacrylamide gel electrophoresis. For nondenaturing poly-
acrylamide gel electrophoresis, two discontinuous buffer

Increases in absorbance at 405 nm were monitored on asystems were used. An alkaline gel systeid) (was used

Shimadzu UV-1601 spectrophotometer at°s The rates

of substrate hydrolysis were linear to a maximal 205 mAbs/
min/ug for HNE and 19 mAbs/mim/g for CatG. Reactions
with BmSPN2 were repeated under identical conditions in
the presence of 1 mg/mL heparin.

for antitrypsin and an acid buffer system for BmSPN2 (85

mM acetic acid, pH 6.5 in the stacking gel, 350 mM acetic

acid, pH 4.3 in the separating gel, and 0.1/lanine pH

4.2 as the running buffer). Transverse urea gradient gel
electrophoresis was carried out on BmSPN2, HNE-cleaved

The ability of BMSPN2 to form SDS-stable complexes BMSPN2, humanl-antitrypsin, ands. aureus/8 protein-
with HNE and CatG was studied in reaction mixtures ase-cleavedl-antitrypsin using both _aC|d and alkaline buffer
containing a 4.5:1 molar ratio of serpin to proteinaseu§0  SYStems15). 10% (w/v) polyacrylamide gels were cast with
of BmSPN2 was incubated with &g of proteinase for 5 @ linear gradient from Oot8 M urea.
and 20 min at room temperature in 0 of 20 mM Tris, Sequence Analysiall DNA sequencing was performed
150 mM NaCl, pH 8.0. Reactions were stopped by the ON an Applied Blos_ystems Prlsm_310 Genetic Analyze_r by
addition of SDS-PAGE sample buffer and snap freezing in the ABI PRISM Big Dye Terminator cycle sequencing
liquid nitrogen. Samples were run on duplicate 10% poly- Method (Perkin-Elmer). N-terminal amino acid sequence
acrylamide gels. One gel was stained with Coomassie determination was performed using an Applied Biosystems
brilliant blue, and the other was used for transfer to PVDF model 477 sequencer.. -
membrane for Western blot analysis with a Ni-NTA HRP ImmunoblottingProteins were transferred to Immobilin-P
conjugate. Reaction mixtures of HNE witial-antitrypsin membrane and incubated with either mouse antisera to
and CatG withal-antichymotrypsin were assayed under écombinant BmSPN29J and then with peroxidase-
identical conditions as controls for Coomassie blue stained conjugated rabbit antimouse IgG (Sigma) or with Ni-NTA
gels, and a reaction mixture of HNE with a recombinant His- HRP conjugate (Qiagen). Bound peroxidase was detected

taggedal-antitrypsin was the control for immunoblotted PY chemiluminescence on the addition of the luminol-based
gels. ECL substrate (Amersham Pharmacia Biotech).

Reactions between BmSPN2 and chymotrypsin, Factor Xa, RESULTS
pancreatic elastase, papain, plasmin, subtilisin, thermolysin,
thrombin, tPA, trypsin, urokinase, and V8 protease were
analyzed by SDSPAGE to check for the formation of SDS-
stable complexes.

Preparation of Reactie Center Loop-Clezed BmSPN2.
BmSPN2 was treated with HNE at a 20:1 molar ratio for 20

min at 25°C in 20 mM Tris-Cl, 150 mM NaCl, pH 8.0.  ¢opjugate. The identities of the pure proteins were confirmed
Cleavage was confirmed by SB®AGE and N-terminal  py reactivity to antibody against recombinant BmSPN2 and
sequencing of the products. Cleaved BmSPN2 was separateghy N-terminal sequencing (Supporting Information Figure
from HNE and other products by gel filtration, and cleaved ). CD spectra of His-BmSPN2, BmSPN2, and chicken
His-BmSPN2 was purified by extraction on a His-Bind resin - gyalbumin (a noninhibitory serpin with a known structure)
Quick 900 cartridge (Novagen). Antitrypsin was cleaved at \yere similar in shape, indicating that they share a common
the reactive center loop by incubating wig aureusV8 fold (Supporting Information Figure II).
proteinase 11) as a control. The two sequence variants of BmSPN2 (the original
Heat Stability AssaysThermal stability studies were sequence9) with Pro221 and Val225 and the new sequence
carried out on BmSPN2, HNE-cleaved BmSPN2, human with Ala221 and lle225; Table 1) behaved identically in all
antitrypsin, andS. aureusV8 proteinase-cleavedl-anti- experiments. Figure 2 shows the positions of these amino
trypsin. Aliquots of native and cleaved protein were incu- acid substitutions on the structure of antithrombin, the closest
bated at 0.1 mg/mL between 30 and 90 for 2 h as relative of BmSPN2 with a known structure. The presence
previously describedb], and residual protein was quantified of the His-tag on each protein had no effect on the results.
by densitometry of Coomassie blue stained gels using BmSPN2 Is Not an Inhibitor of Human Neutrophil Elastase
Quantity One (Bio-Rad). and Cathepsin GBmSPN2 did not inhibit the activities of

Expression and Purification of Recombinant BmSPN2 from
E. coli. The average yield of His-BmSPN2 (with His-tag)
was 7 mg/L culture, with a purity of 95% and an apparent
molecular mass of-50 kDa on SDSPAGE. Removal of
the His-tag was accompanied by the expected 2 kDa
reduction in size and loss of reactivity to Ni-NTA HRP



6244 Biochemistry, Vol. 42, No. 20, 2003 Stanley and Stein
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FIGURE 2: Serpin structure. Schematic pictusS) of the structure Serpin : Proteinase Molar Ratio
of human antithrombin Il in its native form3@). Sequence  Figure 3: Failure of BmMSPN2 to inhibit the activities of HNE
alignment suggests that BmSPN2 shares the same fold. Theand CatG. Concentration dependent proteinase inhibition assays at
N-terminus (N), C-terminus (C), the five strands of sheet A (1A, protein/proteinase molar ratios up to 45:1. BmSPN2 (circles) or
2A, 3A, 5A, 6A), and the structural elements that make up the BSA (squares) were incubated alone af@5with either (A) HNE
hydrophobic core of the molecule, helix B (hB) and strands four pefore the addition of 1.0 mM MeO-succinyl-Ala-Ala-Pro-Val-pNA
to six of sheet B (4B, 5B, 6B), are labeled. The sites of the sequenceor (B) CatG before the addition of 1.0 mM-succinyl-Ala-Ala-
substitutions (221 and 225) are shown in the loop connecting strandsPro-Phe-pNA, as described. Changes in the rate of substrate
three and four of sheet C. cleavage were used to calculate the percentage of inhibition.
Residual proteinase activities after incubation with BmSPN2 are
HNE or CatG but at high concentrations did inhibit the ability /S0 shown as a percentage of the activity after incubation with
of these enzymes to cleave a chromogenic substrate inBSA (triangles). (C) Reactions between HNE (circles) or CatG

luti . h . . . ... (squares) with BmSPN2 as performed in panels A and B but with
solution. Figure 3A,B shows residual proteinase activities {he aqdition of BSA to maintain the total protein concentration at

after incubation with BmSPN2 or BSA at protein/proteinase 35 uM. Positive controls of antitrypsin with HNE (open triangles)
ratios up to 45:1. BmSPN2 or BSA had no effect on the and chymotrypsin with CatG (closed triangles) were performed

Residual Protease Activity (%)

45

rate of hydrolysis of the HNE substraté;methoxysuccinyl- ~ uUnder identical conditions.

Ala-Ala-Pro-Valp-nitroanilide (assayed at 20 Ky). How- , )

ever, high levels of BmSPN2 or BSA (reaching 35/) Cleavage of the Re_aczte Center Lo_op.lncut_)atlon of
caused a reduction of up to 20% in the rate of hydrolysis of BMSPN2 (50 kDa) with HNE at serpin/proteinase molar
the CatG substratéj-succinyl-Ala-Ala-Pro-Phe-nitroanil- ratios between 50:1 and 10:1 gave a 43 kDa product (Figure

ide (assayed at 0.5 Ky). When the total amount of protein 5A). Western blotting confirmed that the N-terminal His-
in the assay was kept constant with BSA, BmSPN2 showed t2g was present only on this 43 kDa specied an7 kDa

no specific inhibition of either proteinase under the conditions Pand corresponding to the C-terminal leaving peptide was
examined (Figure 3C) (Supporting Information Figure Il1). resolved on 16% polyacrylamide gels. Sequence analysis of
The reactions of HNE withul-antitrypsin and CatG with ~ the reaction mixture gave three sequences (Table 2). The
al-antichymotrypsin were assayed under the same conditiongnajor sequence was consistent with cleavage between
as controls and showed inhibition as expected. Heparin, residues 365 (P4) and 366 (P5) in the reactive center loop.
which enhances the activity of some inhibitory serpins, had Additional minor sequences corresponded to the N-terminus
no effect on BmSPN2. of intact BmSPN2 and a sequence starting 23 residues from

No SDS-stable covalent complexes were detected whenthe N-terminus. This latter sequence is consistent with
BmSPN2 was incubated with HNE or CatG (Figure 4), not Secondary cleavage four amino acids C-terminal to the Factor
even when serpin/proteinase molar ratios were increased toXa cleavage site, which would also remove the His-tag. Sites
20:1 and reactions performed at pH values ranging from 5 Of cleavage were confirmed by resolving the proteolytic
to 9.0 (Supporting Information Figures #WI1). In contrast,  fragments with SDSPAGE, transferring onto PVDF mem-
HNE with ol-antitrypsin and CatG withel-antichymo- brane, and sequencing individual bands. Following incubation
trypsin formed SDS-stable complexes under all conditions of BMSPN2 with HNE at a serpin/proteinase molar ratio of
tested. Instead, BmMSPN2 was found to be a very efficient 20:1, cleaved serpin was purified by capture on His-Bind
substrate for both proteinases. In addition, BmMSPN2 wasresin. The C-terminal leaving peptide was detectable by
shown to be a substrate for chymotrypsin, papain, subtilisin, SDS-PAGE in the eluted fraction showing that it remained
trypsin, pancreatic elastase, V8 protease, Factor Xa, plasminattached to the larger N-terminal fragment unless liberated
thermolysin, thrombin, tPA, and urokinase. by denaturation.
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FIGURE 4: Failure of BWSPN2 to form a stable complex with HNE & [N ’
and CatG. Coomassie stained SEFAGE and anti-His HRP £ :
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conjugate Western analysis of BmSPN2 reactions with (A) HNE .
and (B) CatG. BmSPN2 was incubated both withot} &nd with 25 30 30 0. 10 90
(+) proteinase in reaction buffer at 2& for 5 and 20 min, and Temperature (°C)
aliquots were electrophoresed on 10% SIPRGE under reducing Ficure 5: Thermal stability of BmSPN2 determined by circular
conditions to detect the presence of inhibitory complexes. Positive dichroism. (A) Far-ultraviolet CD spectra of intact (solid line) and
controls of antitrypsin with HNE and antichymotrypsin with CatG HNE cleaved (dashed line) BmSPN2. The spectra shown are
were performed with their complexes appearing as higher MW averages of at least two separately run spectra. Spectra were
bands. All lanes contained /g of protein with a serpin/enzyme  recorded at 28C in 10 mM phosphate buffer, pH 7.9 with a protein
molar ratio of 4.5:1. concentration of 0.15 mg/mL. Inset, a Coomassie stained 12.5%
. SDS-PAGE gel run under reducing conditions showing BmSPN2
BmSPN2 Does Not Undergo the S to R Transitibine alone (lane 1)gand incubated with I—?NE at molar ratios c?fSO:l (lane
thermal stabilities of intact and HNE-cleaved BmSPN2 were 2) and 25:1 (lane 3) for 20 min at 2&. (B) CD signal at 222 nm
compared with those of intact ail aureus/8 proteinase- for intac_t (solid line) and HNE cleaved (dashgd line) BmSPN2 while
cleaved antitrypsin. Both serpins are cleaved at thef1  increasing the sample temperature atCmin. The unit on the
bond. Native and cleaved BmSPN2 showed similar heat ordinate is mean residue ellipticity.
stabilities precipitating between 40 and 8D Nondenaturing  Changes in CD ellipticity at 222 nm followed similar
PAGE showed no evidence of polymers in heated samples.unfolding profiles for native and cleaved forms of BmSPN2
In contrast, native antitrypsin denatured between 50 and 60with only a slight increase in stabilitylf, 52.4 vs 56.0°C)
°C, while the cleaved form remained stable to €D, as on cleavage (Figure 5B).
previously described( 16) (Supporting Information Figure The urea-induced unfolding transitions of native and
VII). cleaved BmSPN2 were compared with those of an antitrypsin
CD spectroscopy showed minimal change in the overall control (Figure 6). Native and cleaved BmSPN2 behaved
conformation of BmSPN2 after loop cleavage (Figure 5A). identically, unfolding proportionately with increasing urea
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Table 2: Summary of Sequence Analysis of His-BmSPN2 DISCUSSION

Proteolytic Fragments

Previous work by Zang et al9) described the expression

size of peptide yield f BnSPN2 inE. coli, and the finding that the protein could
kDa N-terminal sequenée mol .0 m |r_1 .'.CO han € finding that the pro em cou
(kDay ! au (pmo) inhibit the activities of HNE and CatG. We have re-isolated
4513'2 GHHHHHHH 4 the Bm-spn-2gene from a separate microfilarial cDNA
. (23) TLNHCSEN 2 . . :
42.7 GHHHHHHH 4 library, expressed the gene productHn coli, and carried
40.0 (23) TLNHCSEN 2 out a detailed examination of the structural and functional
7.4 (366) RNDMVMDK 30 characteristics of purified BmSPN2. The protein expressed

aEstimated from SDSPAGE ° Amino acids are given in single by Zang et al. contained a nonsense N-terminal extension
letter code. Numbering corresponds to the derived sequence from theand a noncleavable C-terminal (Higig. We have expressed
Bm-spn-ZDNA Wh'ere residue_; is the first position for the precursor mature BmMSPN2 with a cleavable N-terminal His-tag and
gf”t'r?: mtﬂ?l;yzfgfé?ﬁgoénd position 21 corresponds to the first residue have shoyvn tha; its presence has no gffect. _The sequence of
the protein we isolated had two amino acid substitutions
(P221A and V225I) as compared to Zang et al.’s protein
(9). It is likely that both proteins represent natural variants
as both sequences were verified from independent clones
after PCR. The presumed sites of these substitutions are in
a part of the serpin structure unaltered during the S to R
conformational change that accompanies proteinase inhibition
cleaved and reactive loop cleavage (Figure 2), suggesting that they
would not influence inhibitory activity. We have expressed
and purified both variants in this work and found that they

(A) Antitrypsin
oM ___ " |3n

native

(B) Native BmSPN2 (C) Cleaved BmSPN2 behaved identically in all our experiments.
oM EM L The sequence of the reactive center loop in BmSPN2
= =

3

contrasts dramatically with the consensus loop sequence for
inhibitory serpins. It is well-established that the proximal
hinge (P15-P10) of the reactive center loop of inhibitory
serpins contains residues with small aliphatic side chéins (
18) providing the flexibility that is needed for the cleaved
loop to insert intqQ3-sheet A during proteinase inhibition. In

FIGURE 6: Transverse urea gradient gel electrophoresis of BWSPN2. 1\4st noninhibitory serpins there is no functional reguirement
The urea-induced unfolding transitions of (A) &6 of native mixed ry serp q

with 50 ug of S. aureud/8-cleaved human antitrypsin, Coomassie for loop Insgrtlon, qnd proximal h.lnge reSId'ues have byl_ky
stained: (B) 5ug of uncleaved BmSPN2 and (C)us of HNE- or charged side chains that would interfere with this transition
cleaved BmSPN2 reacted with anti-His HRP conjugate on a 10% (Figure 1). The hinge sequence in BmSPN2 from P15-P10
(w/v) polyacrylamide nondenaturing gel. The left of each gel (GINNEN) together with a proline at P6 would be expected

represert 0 M urea and the rigi8 M urea. to block insertion of the N-terminal end of the loop into sheet

A and is incompatible with the adoption offaconformation.

concentration. In contrast, native antitrypsin showed de- Furthermore, it is likely that the conformational change

creased mobility as it unfolded at approximately 1.5 M urea, jnvolved in openingf-sheet A would fail to take place.

while cleaved antitrypsin failed to unfold evem8 M urea  pagjques involved in packing at the interfaces where move-
(11, 19). ment takes place are strongly conserved in serpins that
Sequence and Structural Comparison with Other Serpins. undergo the conformational changed) but show critical
A search for sequences homologous to BmSPN2 using Psi-changes in BmSPN2 (including a tryptophan at position 397
BLAST resulted in 503 blast hits with other serpins. The replacing a conserved phenylalanine and changes in helix
highest sequence identity was 28% with BmSPNI, but most F). This strongly suggests that BmSPN2 could not inhibit
other serpins showed sequence identities in the 2486 proteinases by the standard serpin mechanism. Despite this,
range. Sequence alignment of BmSPN2 with the most closelyBmSPN2 has been reported as being an inhibitor of neutro-
related serpins that have a known structure (antithrombin phil elastase and cathepsin ®).(Here, we resolve this
11, ovalbumin, plasminogen activator inhibitor-2, and leu- apparent paradox and show definitively that BmSPN2 does
kocyte elastase inhibitor) suggested that BmSPN2 shares theot inhibit the activities of HNE and CatG (Figure 3) and
tertiary structure typical of the family as a whole (Figure does not form complexes with these enzymes (Figure 4) or
2). The buried apolar segments of the structure (helix B, with a range of other serine proteinases. Our results show
strands 4B, 5B, and 6B) are the most highly conserved that BmSPN2 is in fact a good substrate for both HNE and
regions, but all other secondary structure elements appearCatG. Limited proteolysis of BmSPN2 with HNE results in
to be present in BmSPN2. BmSPN2 has a C-terminal cleavage between P4 and P5, suggesting that BmSPN2 has
extension of some 20 residues as compared to typical serpinsa proteinase-sensitive exposed loop in common with most
The reactive site sequence shows features consistent with ather serpins. The vulnerability of the reactive center loop
noninhibitory serpin, as discussed below (Figure 1). The to proteolysis confirms that it is already in an exposed and
residues that differ in the two variants of BmSPN2 (221 and accessible conformation. Therefore, lack of inhibitory activity
225) are both found within a loop connecting strands three in BmSPN2 cannot be explained either by the protein having
and four of-sheet C. adopted a latent conformation (in which the intact reactive
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center loop is inserted in sheet A of the same molecule) or ACKNOWLEDGMENT

a requirement for cofactor activation to expel the loop from
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The stability of BmSPN2 to denaturation by heat (Figure preparation of this manuscript.

5) or urea (Figure 6) does not increase significantly on loop

cleavage. Cleaved BmSPN2 is only slightly more stable to SUPPORTING INFORMATION AVAILABLE

heat T 4 °C higher) than the native form, in marked contrast
to the large increase on cleavage of inhibitory serpifs (
more than 40°C higher) @0, 21). This suggests that loop
cleavage of BmSPNZ2 is not associated with the conforma-
tional change from stressed (S) to relaxed (R) forms as is
typically observed for inhibitory serpins. The thermal stability

Gels for BmSPN2 purification, absence of SDS-stable
complexes, and thermal stability; CD spectra for BmSPN2
and ovalbumin; and additional proteinase activity assays. This
material is available free of charge via the Internet at http://
pubs.acs.org.
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