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ABSTRACT: The TNFR converting enzyme (TACE) is a zinc metalloproteinase that mediates shedding of
multiple cell surface proteins. Regulation of TACE enzymatic activity is ultimately mediated via proteolytic
removal of its inhibitory prodomain. Sequence determinants for TACE prodomain inhibition of the catalytic
domain are yet to be identified. Surprisingly, although TACE and ADAM 10 (closest homologue) share
only 23% sequence identity at their prodomains, the latter in isolation inhibits TACE with the same potency
as TACE own prodomain. In contrast, the prodomain of ADAM 9 inhibited TACE only weakly. Detailed
analysis of ADAM prodomains revealed two short regions for which TACE and ADAM 10 depart
dramatically from all other family members. We prepared TACE prodomain variants containing full or
partial switches to ADAM 9 residues at those two regions and examined their functional properties. Variants
containing ADAM 9 substitutions including amino acid residues 72-82 and 126-137 were fully inactive
for TACE inhibition. A third variant comprising residues 114-125 was active but at lower potency relative
to wild type. All inactive variants appeared to be correctly folded. Finally, the amino acid residue Phe72
and the motif Asp-Asp-Val-Ile137 were identified within those regions as key determinants for TACE
prodomain inhibitory function. We conclude that TACE and ADAM 10 prodomains are functionally
equivalent in a way that separates them from the rest of the ADAM family.

TACE1 is an essential proteolytic activity mediating the
conversion of proTNFR to its secreted form, and its physi-
ological role has been demonstrated in Vitro and in ViVo (1, 2).
TACE is also critical for the secretion of a large number of
cell surface proteins such as transforming growth factor-R
(3-6), TNF receptors I and II (7), the heparin-binding
endothelial growth factor (8), the erbB4/HER4 epidermal
growth factor receptor isoform JM-a (9), the growth hormone
receptor (10), the macrophage colony-stimulating factor
receptor (11), Notch-1 (12), the amyloid precursor protein
(13-15), the cellular prion protein PrPC (16), among others.
Many of these ectodomains have critical roles in carcino-
genesis, inflammation, and other pathologies.

Despite intense research into the biogenesis and substrate
specificity of TACE and other ADAM family members,
surprisingly little is known about how these enzymes are
activated, the role of their prodomains in the control this
process, and how substrate recognition takes place and is
regulated. Our group and others have found that the TACE

prodomain is essential for secretion of this enzyme in a
functional form. We have shown that TACE expression
constructs that lack the prodomain in its entirety failed to
drive the secretion of functional enzyme in insect cells. The
protein that is made is retained in the endoplasmic reticulum
and subject to degradation (17). Therefore, the prodomain
of TACE appears to work as an intramolecular chaperone,
aiding in the secretion of this proteinase. The complemen-
tarity between the prodomain and the catalytic domain is
indicated by both their tight mutual association and the fact
that the prodomain is also degraded when expressed separate
from the catalytic domain. Similar results were obtained with
full-length TACE constructs (18).

ADAM prodomains also mediate inhibition of immature
forms of these enzymes. Several ADAMs have been the
subject of studies focusing on the prodomain-mediated dual
role in enzyme secretion and inhibition: ADAM 8 (19, 20),
ADAM 9 (21), ADAM 10 (20, 22), ADAM 12 (23, 24),
ADAM 15 (25), ADAM 17 (TACE 17, 26, 27), ADAM 19
(28), and ADAM 28 (29). All of these family members
require the presence of the prodomain for secretion. In each
case, it has been shown in cell-based assays or with partially
purified ADAM preparations that the zymogen is inactive.
ADAM prodomains are similar to matrix metalloproteinases
in that they possess a short consensus sequence toward their
C-terminus including a cysteine residue. This motif, named
the “cysteine switch” is involved in coordination of the zinc
ion at the active site of the catalytic domain of matrix
metalloproteinasesandiscriticalforzymogeninhibition(30,31).
The studies that addressed cysteine switch function in
ADAMs yielded differing observations. For ADAM 12, the
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switch is essential for inhibitory activity (23), while for
TACE and ADAM 10, it is not necessary (20, 27). This may
set TACE and ADAM 10 apart from all other ADAM family
members and most metzincins.

For TACE, removal of its inhibitory prodomain is medi-
ated by members of the furin/KEX-2 family of proprotein
converting enzymes of the trans-golgi network (32, 33). Our
evidence indicates that the potency of the prodomain as a
TACE inhibitor dramatically depends on the presence of the
cysteine-rich/disintegrin domain, localized between the C-
terminus of the catalytic domain and the start of the
yuxtamembrane region: the prodomain is much less capable
of inhibiting this form relative to the catalytic domain in
isolation (27). We confirmed this conclusion by showing that
the isolated disintegrin/cysteine-rich domain can effect the
dissociation of inhibited prodomain-catalytic domain com-
plexes. Therefore, proteolytic activation constitutes a regula-
tory step, involving at least a topological component given
by the availability of precursor TACE and the processing
protease (proprotein convertase) within the same subcellular
compartment.

The chaperone function of TACE prodomain is not
mediated by its cysteine switch motif (PKVCGYLK188),
as initially thought by analogy to other prodomain-containing
metzincins. Several groups have hypothesized that the
cysteine residue of that motif serves a key role in the
association of the prodomain with the catalytic domain and
its inhibition, via ligation of the Zn2+ ion within the active
site of the enzyme. We found that a C184A point mutant of
TACE was secreted into culture media as efficiently as its
wild-type counterpart, and the secreted enzyme was active
(18). This result suggested that C184 is not essential for the
biogenesis and maturation of the protease. Likewise, pro-
domain variants containing the C184A mutation alone or
paired with single alanine substitutions along the cysteine
switch inhibit the enzyme with equal potency as wild-type
TACE prodomain. Other residues within the prodomain must
determine its interaction with the catalytic domain as part
of the assembly and trafficking of this protein through the
secretory pathway and for inhibition for its proteolytic
activity. In this paper, we report on the discovery of two
discrete segments within the prodomain of TACE that
contribute to its association with the catalytic domain and
inhibition of this enzyme.

MATERIALS AND METHODS

Generation of ADAM 9 and ADAM 10 Pro Plasmids. A
plasmid for expression of the prodomain of TACE lacking

the signal peptide in Escherichia coli, using the vector
pRSET B TACE Pro, was described before (27). A DNA
fragment encoding residues Pro25 to Arg205 of ADAM9
with an SmaI site at the 5′-end and BamHI site at the 3′-end
was generated by polymerase chain reaction amplification
using a previously reported pFastBac1 ADAM 9 plasmid as
a template (21, 34, 35). The fragment was inserted at the
BamHI and SmaI sites of TACE Pro to obtain AD9 Pro.
AD10 Pro was generated in a similar fashion with a fragment
encoding residues Pro26 to Arg215 of ADAM 10 and using
a preexisting pFastBac1 ADAM 10 plasmid as a template
(36).

Generation of Mutant Region Plasmids. We prepared
TACE variants in which the residues of regions 1 and 2 were
mutated to those of ADAM 9 (Figures 3 and 4). The
following mutants were constructed by cassette mutagenesis
using as backbone pBlueScript encoding human TACE
cDNA with a stop codon at the end of the catalytic domain
(TACE R473 17, 18): R473/1, R473/Reg1A, R473/1B, R473/
2, R473/2A, and R473/2B. To facilitate cassette insertion,
three unique restriction sites were engineered into the
prodomain-encoding region of pBS/TACE-R473: SalI at
codon 99, NruI at codon 125, and SphI at codon 163. All of
these base substitutions were silent. Oligonucleotide cassettes
for R473/1, R473/1A, and R473/1B were synthesized with
BglII and SalI compatible ends for insertion into pBS/TACE-
R473 previously cleaved with those enzymes. Owing to the
size and location of region 2, variants R473/2A and R473/

FIGURE 1: Sequence alignment of the prodomains of TACE (ADAM 17), ADAM 9, and ADAM 10. Bold letters: identical amino acid
residues. Gray box: cysteine switch motif. Arrow: furin maturation site.

FIGURE 2: Inhibition of TACE catalytic domain (residues 215-473)
by recombinant, purified prodomains from TACE, ADAM 10, and
ADAM 9. Each curve is representative of at least three experiments.
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2B were constructed first and then assembled to produce 473/
2. The 2A cassette was synthesized with SalI and NruI
compatible ends for insertion into pBS/TACE-R473 treated
with those enzymes. The 2B cassette was synthesized with
NruI and SphI compatible ends for insertion on that same
plasmid treated with NruI and SphI. Variant R473/2 was then
constructed by inserting the 2B cassette into the R473/2A
plasmid. Variants F72V and GLRG137 were constructed by
replacement of the corresponding codons on the cassettes
containing those positions.

All mutations were then transferred to a pRSET B vector
by digesting both the corresponding donor pBS/TACE-R473
plasmid and the host pRSETB/TACE-Pro plasmid with SmaI
and EcoRV. TACE ProReg2AD was generated by divergent

PCR, using TACE ProReg2A as the template and primers
carrying a Cys to Asp substitution in position 113. TACE
ProReg2BR was also generated by divergent PCR using
TACE ProReg2B as the template and primers carrying a Cys
to Arg mutation in position 132.

Prodomain Expression in E. coli. BL21(DE3) electrocom-
petent cells were transformed with the corresponding pRSET
B/TACE Pro plasmid and plated on LB agar containing 150
µg/mL ampicillin. After overnight incubation at 37 °C, cells
were resuspended in 1 L of LB medium supplemented with
150 µg/mL ampicillin. Cells were grown at 37 °C up to an
OD600 of 0.6 and then induced with 1 mM isopropyl �-D-
thiogalactoside (IPTG). Harvesting by centrifugation was
performed 3 h postinduction.

Purification and Refolding of TACE Pro and Variants. We
essentially followed the protocol previously reported in ref
27. Cell pellets were washed once with 20 mM Tris-HCl,
pH 8, and twice with this same buffer containing 0.1% Triton
X-100. Washed pellets were then solubilized in 20 mM Tris-
HCl, pH 8, containing 6 M guanidine hydrochloride (Gdn-
HCl) and centrifuged at 26000g for 30 min. The supernatant
was applied to a 20 mL Ni-NTA column. The column was
washed with 20 mM Tris-HCl, pH 8, and 6 M Gdn-HCl and
then with this same buffer containing 20 mM imidazole. The
protein was eluted with 20 mM Tris-HCl, pH 8, 6 M Gdn-
HCl, and 300 mM imidazole. All proteins appeared to be
over 95% homogeneous, as determined by Coomassie
staining of SDS-polyacrylamide gels.

FIGURE 3: Sequence alignment of the prodomains of TACE and 12 other ADAMs: region 1 (TACE residues 72-96) and region 2 (TACE
residues 114-137). Bold letters: identical amino acid residues.

FIGURE 4: Design of TACE prodomain chimeras containing the
ADAM 9 sequence of region 1 (panel A, top) or 2 (panel B,
bottom). For TACE, ADAM 9, and ADAM 10, black letters indicate
identical residues. For “region 1” and “region 2”, gray letters
indicate positions where the sequence remained the same as in
TACE, while black letters indicate substitutions on the TACE
prodomain sequence.
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TACE prodomain refolding involved a series of steps
including incubation with refolding buffer and dialysis (27).
Briefly, purified protein eluates were dialyzed against water,
causing formation of a white protein precipitate. That
material was resuspended in 20 mM Tris-HCl, pH 8, and 6
M Gdn-HCl to a final concentration of 6 mg/mL. Aliquots
of this protein solution were diluted at a 1:20 ratio with
refolding buffer (FoldIt Screen formulation 16, Hampton
Research: 55 mM Tris, pH 8.2, 264 mM NaCl, 11 mM KCl,
2.2 mM MgCl2, 0.055% polyethylene glycol 3350, 550 mM
Gdn-HCl, 440 mM sucrose, 550 mM L-arginine monohy-
drochloride), with addition of 1 mM reduced glutathione,
0.1 mM oxidized glutathione, and 3 mM lauryl maltoside.
Dilutions were then incubated for 4 h at 4 °C with gentle
stirring. Samples were then centrifuged at 10000g for 10 min
and filtered using 0.22 µm PVDF membranes. Proteins were
finally dialyzed against 20 mM Tris-HCl, pH 8, with 150
mM NaCl (buffer A). Under this condition, all prodomain
variants were stable in solution for several days.

Expression and Purification of the Catalytic Domain of
TACE and Inhibition Assays. The expression and purification
of the catalytic domain of TACE as well as a functional assay
have been described in ref 27. In summary, the inhibitory
activity of TACE prodomains was determined using the
synthetic peptide Dnp-SPLAQAVRSSSR-NH2 as substrate.
This peptide comprises positions P6 to P6′ of the TACE
cleavage site within the precursor TNF-R sequence. The
catalytic domain of TACE at a final concentration of 1 nM
was incubated with serial dilutions of prodomains in buffer
A. Reactions were initiated by addition of substrate at a final
concentration of 20 µM and then incubated at 37 °C for 30
min. They were then stopped by addition of 1 volume of
1% heptafluorobutyric acid. Quenched reaction mixtures were
applied to a 150 mm C18 reverse-phase HPLC column
(Vydac) and resolved using a multistep acetonitrile gradient
in 0.1% heptafluorobutyric acid. TACE activity was mea-
sured by integration of the absorbance at 350 nm of substrate
and product peaks and expressed as percent ratio using the
formula % activity ) P350/(P350 + S350), where P350 and S350

are the integrated absorbance at 350 nm of the product and
substrate peaks, respectively.

Circular Dichroism (CD) Spectroscopy. CD spectra were
recorded using an AVIV 62DS spectropolarimeter. Pro-
domain stocks were prepared at a concentration of 180 µM
in buffer A containing 6 M Gdn-HCl. Those stocks were
rapidly diluted 60-fold in buffer A to reach a final concentra-
tion of 3 µM. Spectra were collected in triplicate over the
far-UV region (208-260 nm) using a 1 cm path fused quartz
cuvette (Hellma).

RESULTS

The TACE and ADAM 10 Prodomains Are Functionally
EquiValent as TACE Inhibitors. We have previously shown
that the TACE prodomain can be expressed in isolation as a
stably folded polypeptide (27). This domain associates with
the catalytic domain and inhibits its proteolytic activity with
or without a functional cysteine switch motif. Its potency
does depend on whether or not the disintegrin/cysteine-rich
domain is part of the enzyme (27). In order to identify regions
in the prodomain involved in the inhibition of the catalytic
domain, we started by asking how selective TACE is for

interactions with ADAM prodomains. We chose candidate
ADAM prodomains for these studies based on examination
of primary sequence alignments of the entire family and
selected two that represented phylogenetic extremes relative
to TACE, ADAM 9, and ADAM 10. Despite extremely poor
sequence homology among ADAM prodomains, 23% of
ADAM 10 residues were identical to TACE within this
region; in contrast, only 14% of ADAM 9 residues were
identical to TACE (Figure 1).

Next, we tested whether the prodomains of ADAM 9 and
ADAM 10 were capable of inhibiting the proteolytic activity
of the catalytic domain of TACE. For that, we expressed
and purified the prodomains of ADAM 9, ADAM 10, and
TACE. Surprisingly, even though the prodomain region of
ADAM 10 displays only 23% sequence identity relative to
its TACE counterpart (Figure 1), isolated ADAM 10 pro-
domain was as potent in inhibiting TACE as the cognate
prodomain of this enzyme (IC50 ) 75 nM; Figure 2); in
contrast, the prodomain of ADAM 9, showing lesser
sequence conservation (14% identity), was a poor inhibitor
of TACE (IC50 > 4 µM; Figure 2). This means that even
though the prodomain of ADAM 10 shows an overall low
level of sequence identity to TACE, key residues accounting
for its inhibitory function not present in the ADAM 9
prodomain must have been conserved.

Identification of TACE Prodomain Regions Critical for
Inhibition of the TACE Catalytic Domain. Further analysis
of the amino acid sequences of the prodomain of TACE
versus ADAM family members revealed two short regions
that were dramatically different in TACE and ADAM10
relative to all other ADAM prodomains (Figure 3): region 1
(TACE residues 72-96) showed a relatively high degree of
conservation only between TACE and ADAM10 (50%
identity), with no significant homology to other family
members; region 2 (TACE residues 114-137) displayed a
strikingly high level of identity (∼67%) for virtually all
ADAMs, except for TACE and ADAM 10. Therefore, this
higher resolution analysis of ADAM sequences indicated that
TACE and ADAM 10 prodomains appear to have evolved
unique determinants for their interaction with their respective
catalytic domains. We hypothesize that these two regions
may account for the functional equivalency of TACE and
ADAM 10 isolated prodomains for enzyme inhibition.

To test this hypothesis, we asked whether regions 1 and 2
determined the differential properties of ADAM 9 and
ADAM 10 prodomains as TACE inhibitors. We prepared
constructs of the TACE prodomain encoding the correspond-
ing ADAM 9 residues at region 1 or 2, as well as constructs
containing permutations in only the left or right half-segments
of each of those two regions, as shown in Figure 4. All
chimeric polypeptides showed expression, purification, and
solution properties comparable to wild-type TACE pro-
domain (27). The ADAM 9 region 1-substituted TACE
prodomain as well as the left half (region 1A) substituted
variant entirely lost inhibitory potency against TACE cata-
lytic domain (Figure 5A). In contrast, the chimera containing
the right half of ADAM 9 region 1 (region 1B) was as potent
at inhibiting TACE as the wild-type TACE prodomain
(Figure 5A). Thus, TACE prodomain motif FSALKRHFKL81
is essential for inhibition of the catalytic domain function.
ADAM 9 region 2 chimeras also affected the inhibitory
function of TACE prodomain. Variants containing an entire
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ADAM 9 region 2 substitution as well as the ones containing
the left (region 2A) or right (region 2B) half of that ADAM
9 region were either inactive or inhibited TACE only partially
(IC50 > 2 µM for region 2A; region 2 and region 2B entirely
lost inhibitory potency; Figure 5B).

We next focused on TACE prodomain regions 1A and
2B, as they exhibited the most dramatic phenotypes in terms
of inhibitory function over the activity of TACE catalytic
domain. We constructed two single site mutants, F72V within
region 1A and a substitution in region 2B where the ADAM
consensus sequence GLRG was replaced for the TACE
sequence DDVI at residues 134-137 (GLRG137). As shown
in Figure 6, both of those variants exhibited decreases in
inhibitory potency relative to wild-type TACE prodomain
(IC50 > 0.6 µM for F72V and >3 µM for GLRG137). In
comparison to ADAM 9 prodomain inhibitory potency, the
region 1 point variant F72V appeared to be more potent,
while the GLRG137 variant appeared to have a similar
inhibitory effect.

TACE/ADAM 9 Prodomain Chimeras Are Stably Folded
Polypeptides. The chimeric proteins that we have engineered
depart significantly from the sequence of the wild-type TACE
prodomain. Therefore, it could be argued that the observed
losses in inhibitory function are the result of dramatic
alterations in the folding properties of these variant pro-
domains. In order to address this possibility, we examined
the secondary structure of all inactive TACE/ADAM 9
prodomains by circular dichroism spectroscopy. We have
shown before that the TACE prodomain folds stably in
isolation, showing circular dichroism spectra consistent with
predominant helix-loop secondary structure content (27).
Relative to the wild-type TACE prodomain, all inactive
variants showed similar secondary structure content, sug-
gesting that their overall fold and stability at room temper-
ature are not substantially different. As an illustration, the
circular dichroism profiles of the entire region 1 and region
2 mutants, and wild-type TACE prodomain, are shown in
Figure 7.

FIGURE 5: Inhibition of TACE catalytic domain (residues 215-473) by recombinant, purified TACE/ADAM 9 prodomain region 1 (panel
A) or region 2 (panel B) chimeras described in Figure 4. Wild-type prodomain inhibition values are shown for comparison. Each curve is
representative of at least three experiments.
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DISCUSSION

The prodomains of ADAMs are relatively large when
compared to the ones of most metalloproteases biosynthe-
sized in precursor, inactive forms. An available structural
model of the matrix metalloproteinase-2 zymogen reveals
that its prodomain serves fundamentally a local role, oc-
cluding the active site (37). Enzyme activation usually occurs
in an autocatalytic fashion, probably related to the ability of
the active site to disengage and cleave its prodomain at one
or more places (38, 39). In contrast, for many ADAM
zymogens proprotein converting enzymes of the furin/Kex-2
family mediate that maturation event (32, 33). ADAM 8
seems to behave in an exceptional manner: its zymogen
appears to convert to the mature form in an autocatalytic
fashion (19). It may be possible that our previous observa-
tions with the TACE zymogen extend to other ADAM family
members and the zymogen state is actually a prodomain-
catalytic domain complex in which the latter domain is
arrested in its folding. Should that be the case, the interacting
sites between these two domains may be extensive and

diffusely located. This may explain the relatively large size
of ADAM prodomains.

The prodomain of TACE consists of 214 amino acid
residues minus the signal peptide (18 residues). In the
absence of a structural model or any information on
constraints, the development of computational models to
predict the three-dimensional of this domain and its mode
of interaction with the catalytic domain is not feasible.
Therefore, only the combination of genetic and biochemical
approaches may yield at this point any data to map contact
sites across both domains. We know from N-terminal
sequencing analysis that the secreted prodomain of TACE
(as part of the prodomain-catalytic domain complex) starts
at residue Asp59 (17). Additionally, our mutational analysis
of the C-terminal cysteine switch and vicinal residues
indicated that positions downstream from residue Gln179 are
not important for the inhibitory activity of the prodomain or
its chaperone function, either (27). These two pieces of
information, when taken together, suggest that a minimal
TACE prodomain retaining all information for interaction
with the catalytic domain spans positions Asp59 to Gln179,
or 121 residues. Finding key determinants for both the
chaperone and inhibitory functions within that sequence
space is still a challenging task.

Phylogenetic analysis is a proven strategy for identifying
functionally critical residues in the otherwise vast sequence
space of most proteins. We decided to follow that approach
to the identification of TACE prodomain residues determin-
ing its inhibitory function. Unexpectedly, we readily identi-
fied two discontinuous regions in TACE and ADAM 10
showing evolutionary uniqueness relative to other ADAMs,
regions 1 and 2 (Figure 3), suggesting that the catalytic
domain binding epitopes on TACE prodomain must be
discontinuous. In fact, our results show that variants of the
prodomain of TACE containing permutations to ADAM 9
residues either in region 1 or in region 2 resulted in a loss
of inhibitory potency. This observation is not surprising: It
has been shown for several protein-protein interfaces that
critical residues are not necessarily contiguous on the
polypeptide chain primary sequence (40-43). On the other
hand, certain prodomain positions show conservation across
all ADAM family members examined (Figure 1). Why? It
may be possible that at least some of those residues have
important roles in determining the general architecture
(folding) or thermodynamic stability of this domain of the
enzyme.

From further mutational analysis of regions 1 and 2, we
reach the conclusion that TACE prodomain segments 1A
(FSALKRHFKLY82) and 2B (RVLAHIRDDDVI137) con-
tain residues of critical importance for its inhibitory function:
substitutions at these subregions fully eliminate the ability
of those prodomain variants to inhibit TACE. We have done
a preliminary assessment of key residues within these
subregions. Residue Phe72 is identical in TACE and ADAM
10, yet other ADAM prodomains contain a much smaller
hydrophobic residue at that position (Val, Leu, Ile; Figure
3). We found that TACE prodomain variant F72V was nearly
10-fold less potent as an inhibitor of TACE relative to the
wild-type prodomain (IC50 > 0.6 µM, Figure 6). The triplet
RHF79, also within subregion 1A, is also identical between
TACE and ADAM only. We do not know yet how mutation
of that triplet in TACE prodomain affects its inhibitory

FIGURE 6: Inhibition of TACE catalytic domain (residues 215-473)
by recombinant, purified TACE prodomain site-directed variants
F72V and GLRG137. Wild-type prodomain inhibition values are
shown for comparison. Each curve is representative of at least three
experiments.

FIGURE 7: Secondary structure content of recombinant, isolated wild-
type TACE prodomain and fully inactive TACE/ADAM 9 pro-
domain chimeras region 1, region 1A, region 2, and region 2B.
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function. Because F72V exhibited higher potency that the
ADAM 9 prodomain, we hypothesize that the triplet RHF79
must also determine the interaction of TACE with its
prodomain. With regard to region 2, the most remarkable
difference between TACE prodomain subregion 2B and other
ADAMs is the presence of the sequence DDVI137 where
virtually all other ADAMs display the highly conserved motif
GLRG. Not surprisingly, introduction of the GLRG consen-
sus motif at TACE positions 134-137 decreased the inhibi-
tory function almost to the same level observed with ADAM
9 prodomain (IC50 > 3 µM). Therefore, we can tentatively
establish at this point residues Phe72 and the motif Asp-
Asp-Val-Ile137 as critical epitopes for TACE prodomain
association and inhibition of the catalytic domain. By
inference, the motif Arg-His-Phe79 may play a role that
remains to be evaluated.

Region 1 and 2 variants described here contain multiple
single point substitutions that may have nonlocal effects on
the conformation and structural stability of the polypeptide.
Therefore, as in any structure-function study, ultimate proof
that the mutation has an effect solely on aspects of the contact
interface with TACE catalytic domain can only be obtained
via structural analysis. Regretfully, there is at this point no
crystallographic or NMR means allowing us to perform such
assessment. Because the prodomain of TACE folds in a
highly cooperative manner, its spectroscopic signature for
secondary structure (measured by circular dichroism) is a
useful tool for low-resolution assessment of correct folding
and near-wild-type structural stability. This readout is
particularly sensitive for the TACE prodomain because is
only marginally stable at room temperature (27). Therefore,
the secondary structure content measured via circular dichro-
ism provides a way of comparing the thermodynamic stability
of its variants relative to wild type. As shown in Figure 7,
even variants exhibiting a total loss of activity were es-
sentially indistinguishable from wild-type TACE prodomain
in their secondary structure content (molar ellipticity in the
far-ultraviolet range). As an independent way to evaluate the
function of those mutants, we attempted to measure their
activity as inhibitors of ADAM 9, the enzyme counterpart
used for the design of TACE prodomain variants. Although
we were able to obtain ADAM 9 catalytic domain in
isolation, available substrates were processed very inef-
ficiently, preventing accurate quantification (44).

We know from earlier studies that the dissociation constant
for the prodomain-catalytic domain complex falls within
the nanomolar range (IC50 ) 75 nM), and we have shown
that synthetic peptides comprising the cysteine switch can
only account for affinity in the low micromolar range (27).
As our data show, other residues in the prodomain contribute
significantly to the stability of the complex. A careful study
recently published by Moss and co-workers shows that this
also applies to ADAM 10 inhibition by its prodomain (20).
This report also shows that the TACE prodomain can also
inhibit ADAM 10 and ADAM 8, although less potently. A
surprising finding in that study is that the prodomain of
ADAM 10 seems to be equally potent against forms of that
enzyme comprising the catalytic domain only and the
catalytic plus disintegrin/cysteine-rich domain. For TACE,
the prodomain is a poor inhibitor of the longer form (IC50

> 3 µM; 27). This is the reason why we have done these
studies with the TACE catalytic domain form: the prodomain

inhibits it potently enough to allow accurate measurement
of functional effects of mutations.

It is important to point out that the region 2 sequence is
actually very different in TACE vs ADAM 10 prodomain.
Therefore, while there is functional equivalence for these
two domains, the geometry of interaction with their respec-
tive catalytic domains may be different. The crystallographic
structure of the catalytic domain of TACE shows that this
enzyme contains large loops that are not present in previously
solved matrix metalloproteinase structures (45). Structures
of the catalytic domain of ADAM 10, the mature extracellular
domains (catalytic plus disintegrin/cysteine-rich) of TACE
and ADAM 10, or their zymogen forms have not been solved
yet. It remains possible that the positioning of the disintegrin/
cysteine-rich domain relative to the catalytic and prodomains
may create steric hindrance for TACE but not for ADAM
10. Clearly, a three-dimensional structure of prodomain-
catalytic complexes for these two ADAMs will be very useful
in addressing the nature of these differences. At this point,
cocrystallization of the prodomain-catalytic domain complex
of ADAM 10 seems promising, because the prodomain of
ADAM 10 shows expression, purification, and solution
properties more amenable with crystallization activities,
relative to TACE (20, 27). The crystallographic structure of
the prodomain-catalytic domain complex for TACE or
ADAM 10 will be useful for the identification of additional
residues to mutagenize and test functionally. By following
this approach in a systematic way, a functional map can be
constructed to annotate the crystallographic structure of the
prodomain-catalytic domain interface. That information is
critical to validate the “arrested folding” model that we have
proposed to account for ADAM prodomain mechanism of
inhibition of their cognate catalytic domains (18, 46, 47).
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