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Recently, nuclear distribution element-like (NUDEL) has been im-
plicated to play a role in lissencephaly and schizophrenia through
interactions with the lissencephaly gene 1 (Lis1) and disrupted-in-
schizophrenia 1 (DISC1) products, respectively. Interestingly, NU-
DEL is the same protein as endooligopeptidase A (EOPA), a thiol-
activated peptidase involved in conversion and inactivation of a
number of bioactive peptides. In this study, we have cloned EOPA
from the human brain and have confirmed that it is equivalent to
NUDEL, leading us to suggest a single name, NUDEL-oligopepti-
dase. In the brain, the monomeric form of NUDEL-oligopeptidase is
responsible for the peptidase activity whose catalytic mechanism
is likely to involve a reactive cysteine, because mutation of Cys-273
fully abolished NUDEL-oligopeptidase activity without disrupting
the protein’s secondary structure. Cys-273 is very close to the
DISC1-binding site on NUDEL-oligopeptidase. Intriguingly, DISC1
inhibits NUDEL-oligopeptidase activity in a competitive fashion.
We suggest that the activity of NUDEL-oligopeptidase is under
tight regulation through protein-protein interactions and that
disruption of these interactions, as postulated in a Scottish DISC1
translocation schizophrenia cohort, may lead to aberrant regula-
tion of NUDEL-oligopeptidase, perhaps providing a substrate for
the pathology of schizophrenia.

endooligopeptidase A | neuropeptide metabolism | cysteine
peptidase | neurodevelopmental pathology

UDEL (nuclear distribution element-like) is a homologue
of Aspergillus nudE, a member of a group of genes that has
been shown to be important in nuclear migration in the fungus
(1, 2). Mammalian forms of NUDEL were recently cloned by
their interaction with lissencephaly gene 1 product (Lis1) in the
yeast two-hybrid system and are essential for neuronal migration,
corticogenesis, and axonal outgrowth (3, 4, 5), and, more re-
cently, were shown to play a critical role in neurofilament (NF)
assembly and neuronal morphology (6). A number of groups
have shown that NUDEL binds to the product of the schizo-
phrenia risk factor gene disrupted-in-schizophrenia 1 (DISC1)
(7, 8, 9). DISC1 has been identified as a risk factor for schizo-
phrenia through study of a Scottish family with a balanced
(1;11)(q42.1;q14.3) translocation that results in the disruption of
the DISCI locus and cosegregates with major psychiatric disease
(10). The putative schizophrenia mutant form of DISCI fails to
bind NUDEL (7, 9). We have also shown that DISC1 and
NUDEL bind in a neurodevelopmentally regulated manner and
that they can form a trimolecular complex with Lis1 (7). The
function of this complex is currently unknown, although it is
predicted to play a role in dynein-mediated motor transport.
Surprisingly, the cDNA and deduced amino acid sequences
of NUDEL show that it is the same molecule as endooligopep-
tidase A (EOPA) (formerly EC 3.4.22.19) (11, 12). In vitro
EOPA selectively hydrolyzes unstructured oligopeptides (13),
such as bradykinin and neurotensin, and converts a number of
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naturally occurring opioid peptides derived from proenkepha-
lin, prodynorphin, and proopiomelanocortin into enkephalins
(14). Thus, two apparently independent physiological roles are
likely to be performed by the same protein. The association of
NUDEL to cytosolic proteins, such as Lisl, DISC1, and
14-3-3e, is essential for normal brain function, including
development and neuronal migration (5, 9, 15, 16), whereas the
peptidase activity of NUDEL-oligopeptidase (NUDEL or
EOPA) suggests a role in the regulation of neuropeptide action
in the CNS. We have cloned human EOPA, demonstrating that
it is the same protein as human NUDEL, which has led us to
suggest the single name NUDEL-oligopeptidase. In the rat
brain, monomeric NUDEL-oligopeptidase represents the ac-
tive enzyme, whereas multimerized forms lack enzyme activity.
Human NUDEL-oligopeptidase is inhibited by thiol-reactive
compounds (17), and the residue Cys-273 is essential for
enzymatic activity, which suggests that NUDEL-oligopepti-
dase belongs to the family of cysteine peptidases. The close
proximity of the catalytic Cys-273 residue to the DISCI-
binding site centered around residues 266/267 (7, 9) suggests
that DISC1 binding could affect the peptide hydrolysis. In-
deed, DISC1 is able to competitively block the NUDEL-
oligopeptidase activity in vitro. The Scottish DISC1 families
are suggested to express a mutant form of DISC1 that does not
bind NUDEL-oligopeptidase, implicating this enzyme in the
underlying etiology of schizophrenia.

Materials and Methods
Experimental Procedures. Any animals used in experiments de-
scribed herein were maintained and manipulated under strict
ethical conditions, according to the International Animal Wel-
fare Recommendations.

Materials. The internally quenched fluorogenic peptide qf-
A®Bky.9 [0-aminobenzoic acid-Gly-1-Phe-2-Ala-3-Pro-4-Phe-5-
Arg-6-GlIn-7-N-(2,4-dinitrophenyl) ethylenediamine] was syn-
thesized and purified as described in ref. 18. Dr. Vincent Dive

Abbreviations: EOPA, endooligopeptidase A; NUDEL, nuclear distribution element-like;
NUDEL-oligopeptidase, NUDEL or EOPA,; Lis1, lissencephaly gene 1 product; DISC1, disrupt-
ed-in-schizophrenia 1 gene product; TOP, thiol-activated metallo-oligopeptidase (EC
3.4.24.15); NL, neurolysin (EC 3.4.24.16); NOag, NUDEL-oligopeptidase antibody; rNUDEL,
recombinant NUDEL; rDISC1, recombinant DISC1; NF, neurofilament; MO inhibitor, G-P-F-
-(PO2CH)-A-P-Nle.

Data deposition: The sequence reported in this paper has been deposited in the GenBank
database (accession no. AF217798).
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(Commissariat a I’Energie Atomique, Gif-sur-Yvette, France)
kindly provided the phosphinic compound G-P-F-y-(PO,CH>)-
A-P-Nle (hereafter referred to as MO inhibitor), an active
site-directed inhibitor for the metallo-oligopeptidases TOP
(thiol-activated metallo-oligopeptidase) and NL (neurolysin)
(19). The peptides bradykinin (Arg-1-Pro-2-Pro-3-Gly-4-Phe-5-
Ser-6-Pro-7-Phe-8-Arg-9), dynorphin A (Tyr-1-Gly-2-Gly-3-
Phe-4-Leu-5-Arg-6-Arg-7-Ile-8), and neurotensin (Gln-1-Leu-2-
Tyr-3-Glu-4-Asn-5-Lys-6-Pro-7-Arg-8-Arg-9-Pro-10-Tyr-11-Ile-
12-Leu-13) used as substrate were purchased from Peninsula
Laboratories. The purity and the molecular masses of the
recombinant proteins and peptides were determined by HPLC
and by MALDI-TOF MS (TofSpec-E, Micromass, Manchester,
U.K.), respectively. The antiserum anti-mouse DISC1 (a-
DISC1) is described in ref. 7.

Cloning of Human and Rat Brain NUDEL-Oligopeptidase. The full-
length cDNA coding for the human brain NUDEL-oligopepti-
dase was obtained from a human temporal cortex cDNA library
(Stratagene), and the rat cDNA was obtained by RT-PCR from
rat brain total RNA. See complete cloning details in Supporting
Methods, which is published as supporting information on the
PNAS web site. The amplified cDNA fragment encoding a
full-length NUDEL-oligopeptidase was then subcloned in-frame
into an expression plasmid vector, pET-21a (Novagen).

Preparation of Recombinant Proteins. The GST fusion cDNA of the
truncated form of DISCI used in this work was the same
described by Brandon et al. (7). The expression and purification
of human and rat brain recombinant NUDEL (rNUDEL)-
oligopeptidase was performed as described for rabbit recombi-
nant EOPA in ref. 11, except for the use of nickel-nitrilotriacetic
acid agarose (Qiagen, Valencia, CA) instead of gluthatione-
Sepharose beads. The eluted INUDEL-oligopeptidase was re-
solved by HPLC (Shimadzu Class VP) by using a TSK-gel G 3000
SW column (7.5 mm ID X 60 cm, 10 wm particle size, TasoHaas,
Montgomeryville, PA). The homogeneity was assessed by SDS/
PAGE and HPLC. The molecular masses of the recombinant
proteins obtained in this study were determined by Q-TOF MS
(Micromass).

Site-Directed Mutagenesis of Human NUDEL-Oligopeptidase. Double-
stranded site-directed mutagenesis of the human NUDEL-
oligopeptidase to make the mutants C203A, C273A, and C293A
was performed by overlap extension as described in ref. 20 in
the pProEx HTc prokaryotic expression vector (Life Technolo-
gies, Rockville, MD). See Supporting Methods for a complete
description.

Preparation of Polyclonal Antiserum Against rNUDEL-Oligopeptidase.
Male High III mice (21) were immunized with homogeneous
rNUDEL-oligopeptidase. The purified antibody was used as a
specific NUDEL-oligopeptidase inhibitor and is abbreviated
hereafter as NOag (NUDEL-oligopeptidase antibody) inhibitor.
The titration of antibodies against INUDEL-oligopeptidase was
evaluated by ELISA with INUDEL-oligopeptidase-coated mi-
crotiter wells (Nunc-Immuno Plate MaxiSorp Surface, Nunc) as
described in ref. 22.

Isolation of Proteolyticaly Active NUDEL-Oligopeptidase from Rat
Brain Cytosol by Gel-Filtration Chromatography. The cytosol of rat
brain was fractionated by gel-filtration chromatography on a Su-
perose 12 column. (See Supporting Methods for a complete descrip-
tion.) The oligopeptidase activity of the fractions was determined
fluorimetrically. The protein concentration of NUDEL-oligo-
peptidase, in the crude rat brain cytosol or in the gel-filtration
fractions, was determined by sandwich ELISA (22) by using puri-
fied a-rNUDEL-oligopeptidase immunoglobulins (23).
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Hydrolysis of Peptides by rNUDEL-Oligopeptidase. The relative rate
of hydrolysis and the cleavage sites in bradykinin, dynorphin A s,
and neurotensin were determined by HPLC (11). Briefly, the
peptide solutions (30-50 uM) in 50 mM Tris*HCl buffer (pH 7.4)
containing 0.5 mM DTT were incubated with either rat brain or
rNUDEL-oligopeptidase (~1 milliunit) at 37°C and scissile
bonds were determined by mass spectrometric analysis of the
products after separation by reverse-phase HPLC (20).

Fluorimetric Assay for Hydrolysis of qf-AgBk*°. Hydrolyses of the
quenched-fluorescent substrate qf-A°Bkso by rNUDEL-
oligopeptidase and by the gel-filtration fractions containing
NUDEL-oligopeptidase were conducted as described in ref. 24.
The cleavage site was determined as described above. One unit
of oligopeptidase activity is the amount of enzyme that hydrol-
yses 1 pmol of qf-A°Bks.g in 1 min.

Inhibition of Oligopeptidase Activity by NUDEL-Oligopeptidase Anti-
body and by Recombinant DISC1 (rDISC1). Enzyme sample (recom-
binant or gel-filtration fractions) was preincubated for 30 min at
25°C with 20 pl of 1:100 dilution of NOp inhibitor. Aliquots
were removed and diluted in 50 mM Tris'HClI buffer (pH 7.4)
containing 0.5 mM DTT before the addition of the 5 uM
quenched-fluorescence substrate (qf-A°Bka.g). The elimination
of peptidase activity from the NO4p inhibitor and the preim-
mune serum were performed by preincubation at 56°C for 5 min.
The lack of anticatalytic activity in the preimmune serum was
assured in control experiments. For inhibition by rDISCI, the
enzyme concentration used was 90 nM; the concentrations of the
substrate qf-A°Bky.o ranged from one to five times the K, value
(see Table 2) to limit the extent of the hydrolysis to <10% of the
substrate. The lack of rDISC1 catalytic activity was verified in
control experiments. The concentrations of rDISC1 used for the
K; determinations were 35, 70, and 110 nM. This assay was
performed in 50 mM Tris-HCl buffer (pH 7.4) containing 20 mM
NaCl and 5 mM DTT. The type of inhibition was determined
from Lineweaver-Burk plots (25). The K; values were derived
from the equations K;i = Kijapp)/(1+[S]/Km) and vo/vi = 1+[I]/
Kiapp), as described in ref. 26.

Results

Cloning and Characterization of Human EOPA. Human EOPA was
cloned from a human brain cDNA library (see Materials and
Methods and ref. 11), giving a full-length cDNA of ~2.4 kb
encoding a protein of 345 aa residues (Fig. 3, which is published
as supporting information on the PNAS web site). The alignment
of this sequence with rabbit brain EOPA, human brain NUDEL,
and rat NUDEL allowed verification that the sequence obtained

Table 1. Hydrolysis of bioactive peptides by human
rNUDEL-oligopeptidase

Rates of hydrolyses,

Assayed substrate nmol/ug/min Cleavage site

Bradykinin 23 Phe-5 | Ser-6
Dynorphin Ag 19 Leu-5 | Arg-6
Neurotensin.i3 12 Arg-8 | Arg-9

Assays were carried out in 500 ul of 50 mM Tris-HCI buffer (pH 7.4) con-
taining 20 mM NaCl and 0.5 mM DTT at 37°C. To determine the rate of
hydrolysis, the reactions were conducted in the presence of 20 uM peptide
substrate and 50 nM rNUDEL-oligopeptidase. Control samples were identical,
except that rNUDEL-oligopeptidase was omitted. Reactions were stopped
with 10 ul of trifluoroacetic acid, and the remaining peptide concentration
was analyzed by HPLC as described in Materials and Methods. Velocity of
hydrolysis was determined by comparison of substrates’ peak areas of control
and rNUDEL-oligopeptidase digested samples. The data represent the mean
of three independent experiments.
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Table 2. Effect of mutagenesis of cysteine residues in
NUDEL-oligopeptidase on enzyme activity: kinetic parameters of
fluorogenic peptide substrate qf-A®Bks.o hydrolyzed by human
rNUDEL-oligopeptidase wild type and mutants

scopic analyses for all of the proteins produced. The final CD
spectra for the mutated proteins C203A, C273A, and C293A
were similar to that of the corresponding wild-type recombinant
protein, being in the experimental error determined with three

Enzyme Koy 1M Keot, 51 Keat/Kimy s~1-uM-1  independent analyses (see Supporting Methods; see also Table 5,
which is published as supporting information on the PNAS web

Wild type 24+03 0.042 = 0.001 17.5 site).

C203A 22*0.2 0.038 = 0.001 17.3

Q73A n.h. n.h. n.h. Characterization of NUDEL-Oligopeptidase Activity in the Rat Brain.

C293A 24 +0.2 0.041 £ 0.001 171

Fluorimetric assays were carried out in 1.0 ml of 50 mM Tris-HCI buffer (pH
7.4) containing 20 mM NaCl and 0.5 mM DTT at 37°C. The kinetic parameters
were obtained in the presence of 1/10th to 10 times the K, value of peptide
substrate and 50 nM rNUDEL-oligopeptidase, with a substrate consumption of
<5%. The parameters were calculated as mean value = SD. The peptide was
cleaved only at peptide bond P | F, which was determined by MS analyses (see
Materials and Methods for details). All enzymatic assays were conducted in
triplicate. n.h., no hydrolysis detected.

in this work was identical to that of human NUDEL (Fig. 3). We
therefore suggest the name NUDEL-oligopeptidase for this
molecule.

To monitor the potential proteolytic activity of human
rNUDEL-oligopeptidase, three biologically active oligopep-
tides of various sizes and amino acid sequences were used as
substrates. The hydrolysis was monitored by HPLC, and the
cleavage sites were deduced by mass spectrometric analysis of
the products. Table 1 shows that human rNUDEL-
oligopeptidase displays no restricted specificity for P, or Py’
substrate position (27), because the enzyme cleaved the Phe-
5] Ser-6 bond of bradykinin, the Leu-5| Arg-6 bond of
dynorphin A;g, and the Arg-9 | Arg-10 bond of neurotensin.
Among these substrates, bradykinin was the most susceptible,
whereas neurotensin showed the lowest velocity of hydrolysis.

NUDEL-Oligopeptidase Is a Cysteine Protease. To test the hypothesis
that NUDEL-oligopeptidase is a cysteine protease, we initially
were able to show that thiol compounds (e.g., DTT) have an
activating effect, whereas thiol-reactive compounds, such as the
Cys(Npys)-derived peptide, are irreversible inhibitors of the
enzyme (Table 4, which is published as supporting information
on the PNAS web site). These results led us to mutate all three
cysteine residues present in the INUDEL-oligopeptidase mole-
cule (Fig. 3) and to analyze their effect on the proteolytic activity
of the respective recombinant proteins. The C273A mutant
protein was totally inactive, whereas the other two mutant
proteins (C203A and C293A) displayed kinetic data comparable
to those obtained with the wild type (Table 2), confirming the
presence of a cysteine catalytic group at the NUDEL-
oligopeptidase active site. To verify that this loss of activity with
the C273A mutation is not simply due to a disruption in the
protein structure, we performed mass spectral and CD spectro-

Because other oligopeptidases, such as TOP and NL, also
hydrolyze the substrate qf-A%Bky.o (28), two distinct specific
inhibitors were used to evaluate the contribution of NUDEL-
oligopeptidase to peptidase activity in the rat brain: MO
inhibitor [G-P-F-y-(PO,CH,)-A-P-Nle, specific for TOP and
NL (19)] and the NO,p inhibitor [a specific antibody inhibitor
of NUDEL-oligopeptidase activity (11)]. The MO inhibitor
does not block INUDEL-oligopeptidase, whereas the NOap
inhibitor fully inhibited the enzymatic activity (Table 4).
Moreover, preincubation of rat brain cytosol with MO inhib-
itor reduced the cytosolic oligopeptidase activity by 30%,
whereas preincubation with NO4 g inhibitor reduced the same
activity by 50%. Combined, these two inhibitors had an
additive effect, thus suggesting that the remaining activity
(=20%) in rat brain cytosol is not due to NUDEL-
oligopeptidase, TOP, or NL (Table 3).

NUDEL-Oligopeptidase Monomer Is Responsible for Enzyme Activity.
To identify the form of NUDEL-oligopeptidase responsible
for enzyme activity, we performed gel-filtration chromatog-
raphy using rat brain cytosol, which showed two peaks of
peptidase activity with M, corresponding to ~75 and 40 kDa
(Fig. 14). When a similar assay was performed with the cytosol
pretreated with the MO inhibitor (Fig. 1B), the peptidase
activity of the 75-kDa peak was reduced by 80%, with the
remaining activity slightly inhibited by the NOup inhibitor
(Table 3). In contrast, the 40-kDa activity peak (Pool V) was
fully inhibited by the NO,g inhibitor and was not affected by
the MO inhibitor (Table 3 and Fig. 1B). Western blot analysis
of these fractions showed that NUDEL-oligopeptidase was
highly enriched in fractions III and I'V and slightly enriched in
fraction V (corresponding to the 40-kDa peak) (Fig. 1C).
Quantification of the immunoreactive NUDEL-oligopeptidase
by sandwich ELISA showed that its monomer form (fraction
V) corresponds to =~1.8% of the total amount of this protein
in the crude cytosol of rat brain (Table 3). The specific activity
corresponding to the estimated concentration of NUDEL-
oligopeptidase in fraction V was 713.4 milliunits/ug (Table 3).
Interestingly, Western blot analysis of the same fractions for
DISC1 showed the presence of a band of ~100 kDa enriched
in fraction III (Fig. 1C), where there is no appreciable
NUDEL-oligopeptidase activity.

Table 3. Purification and characterization of NUDEL-oligopeptidase from rat brain cytosol

Activity, % Total Specific
activity, Protein, NUDEL-oligopeptidase, activity,

Enzyme —NOag +NOag milliunits mg ug milliunits/ug
Cytosol plus MO inhibitor 100 17 4.55 3.8 0.167 27.25
Pool | 2.2 2.4 0.42 0.7 — —
Pool II 6.1 5.8 0.85 1.4 — —
Pool Ill 4.1 4.2 0.46 0.9 — —
Pool IV 3.8 2.3 0.21 0.7 — —
Pool vV 81.0 0.0 2.14 0.4 0.003 713.4

The protein concentration, the oligopeptidase activities of Pools |-V obtained from the experiment described in Fig. 1, and the
susceptibilities of each pool to inhibition by the NOag inhibitor are described in Materials and Methods. —, not determined.

3830 | www.pnas.org/cgi/doi/10.1073/pnas.0500330102 Hayashi et al.



Lo L

P

1\

=y

A 150 6843 13,7 kDa
60— 4 4
—_ — 1.5
=
g >
= Z
& L1o 8
o =3
B \ =
< : &
o il Feg
IRUNAVL \ g
Xf T E,
N[‘-....-.--;U
Volume (ml)
B 6.0
2
et I 1 IV v
Z 40— e S s |
=
2]
-,
I 2.0
0 10 20 30
Volume (ml)
C I Il 11 v V  kDa 1 1 111 IV V V
= 105
~ 100 kDa m} | — — <>
; 75
~75kDa mp)| . : - il <>
. 50
¥ - | - 40 kDa
_ Y 35
a-DISC1 NO, g-inhibitor 10-fold

Fig. 1.

Determination of the active NUDEL-oligopeptidase species. (A) Profile of the oligopeptidase activities in different molecular mass fractions after

gel-filtration chromatography of rat brain cytosol. (B) Oligopeptidase activities as in A, with the cytosol pretreated with MO inhibitor (see Methods). (C) Analysis
of fractions by Western blotting for DISC1 (Left) and NUDEL-oligopeptidase (Center). The presence of the NUDEL-oligopeptidase in fraction V was detected only
after a 10-fold amount of this fraction was loaded onto the gel (Right). The arrows indicate the positions of the M, marker in kDa.

NUDEL-Oligopeptidase Activity Is Inhibited by Binding to DISC1. The
catalytic cysteine at residue 273 is very close to the DISCI1-
binding site on NUDEL (centered on residues 266 and 267,
Fig. 2C). To determine whether the binding of DISCI to
NUDEL-oligopeptidase has any effect on oligopeptidase ac-
tivity, enzyme assays were conducted in the presence of
recombinant DISCI protein. DISC1 is shown to be efficient in
inhibiting the rNUDEL-oligopeptidase activity in vitro in a
competitive manner (K; = 80 nM; Fig. 24). The presence of
the qf-A°Bky. substrate in the incubation medium reduced, in
a concentration-dependent manner, the inhibitory effect of
rDISC1 (Fig. 24).

Discussion

The characterization of the enzyme NUDEL-oligopeptidase
reported in this study suggests that this molecule may regulate
neuropeptide levels relevant to the etiology of schizophrenia.
Using a range of specific oligopeptidase inhibitors and biochem-
ical fractionation techniques, we have shown that NUDEL-
oligopeptidase activity is due to its monomeric form and depends
on a catalytic cysteine at residue 273. We have previously
characterized in detail the protein interaction domains between
DISC1 and NUDEL-oligopeptidase and shown that the binding

Hayashi et al.

site on NUDEL-oligopeptidase depends on the residues L266
and E267 (7). In the current study, we identified the key catalytic
residue as being just 6 aa away from the DISC1-binding site. This
spatial proximity is likely to explain why the interaction between
NUDEL-oligopeptidase and DISC1 completely abolishes the
peptidase activity (see Fig. 2).

However, the loss of the proteolytic activity of NUDEL-
oligopeptidase on protein binding may not be restricted to
DISCL. In fact, the experiments presented in Fig. 1 and Table 3
suggest that NUDEL-oligopeptidase found in protein complexes
of varying molecular weights does not possess enzyme activity.
NUDEL-oligopeptidase has also been shown to bind to a
number of other proteins, including 14-3-3¢, which binds to
Cdk5-phosphorylated NUDEL-oligopeptidase and protects the
phosphoprotein from PP2A activity (16). More recently, NU-
DEL has also been implicated in NF assembly through a direct
interaction with the NF light subunit (NF-L) (6). This interaction
has been shown to be critical for the maintenance of neuronal
architecture and integrity. Depletion of NUDEL by RNAIi
results in a concomitant down-regulation in NF-L and impair-
ments in NF structure and function with a resultant change in
neuronal morphology (6). It is possible that these interactions
will have similar effects on peptidase activity, because the NF-L

PNAS | March8,2005 | vol. 102 | no.10 | 3831
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Fig.2. DISC1 inhibits NUDEL-oligopeptidase activity. (A and B) Lineweaver—
Burk plots (1/v versus 1/S) (A) and kinetic analyses (B) of rNUDEL-
oligopeptidase inhibition by recombinant DISC1. The enzyme assays were
performed by using qf-A®Bkg.g as substrate and different fixed concentrations
of rDISC1. All enzymatic assays were performed in triplicate. DISC1 competi-
tively inhibits enzyme activity. (C) Diagram illustrating the Lis1 and DISC1
interaction domains on NUDEL-oligopeptidase. The position of the cysteines
(C203, €273, and C293; arrows) and leucine-glutamate (L266/E267) residues,
critical for interaction with DISC1, are indicated.

binding domain is mapped to amino acids 191-345, and 14-3-3¢
is mapped to amino acids 189-256 of NUDEL (6, 16). These
domains are overlapping or in close proximity to the DISC1-
binding site centered on residues 266 and 267 and the critical Cys
residue at 273. It will be of great interest to look at the effects
of NF-L and 14-3-3¢ binding on the peptidase activity. Support-
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