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Abstract The major breakthrough discovery of enkephalins

as endogenous opiates led our attempts to determine their

inactivation mechanisms. Because the NH2-terminal tyrosine

is absolutely necessary for the neuropeptides to exert

analgesic effects, and aminopeptidase activities are extraor-

dinarily high in the brain, a specific ‘‘amino-enkephalinase’’

should exist. Several aminopeptidases were identified in the

central nervous system during the search. In fact, our labora-

tory found two novel neuron-specific aminopeptidases: NAP

and NAP-2. NAP is the only functionally active brain-specific

enzyme known. Its synaptic location coupled with its limited

substrate specificity could constitute a ‘‘functional’’ speci-

ficity and contribute to enkephalin-specific functions. In

addition, NAP was found to be essential for neuron growth,

differentiation, and death. Thus, aminopeptidases are likely

important for mental health and neurological diseases.

Recently, puromycin-sensitive aminopeptidase (PSA) was

identified as a modifier of tau-induced neurodegeneration.

Because the enzymatic similarity between PSA and NAP, we

believe that the depletion of NAP in Alzheimer’s disease (AD)

brains plays a causal role in the development of AD pathology.

Therefore, use of the puromycin-sensitive neuron-amino-

peptidase NAP could provide neuroprotective mechanisms in

AD and similar neurodegenerative diseases.
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Proteolytic enzymes are fundamental for protein turnover

and for metabolizing bioactive peptides. They are some of

the most potent tools that catalyze an irreversible reac-

tion—the breakdown of peptide bonds. Peptidases’ activity

is excessively high in the brain, with a capability 100–

1,000 times higher than that required for cerebral protein

turnover [1].

Aminopeptidases

Aminopeptidases (EC 3.4.11.-) are a heterogeneous group of

exopeptidases that catalyze the N-terminal cleavage of amino

acid residues from proteins or peptides [2–4]. They are

classified according to the number of amino acids cleaved

from the NH2-terminus, their relative efficiency with which

residues are removed, their location, their susceptibility to

inhibitors, their metal ion content, their residues that coor-

dinated the metal to the enzyme, and the pH for their max-

imal activity. Aminopeptidases are involved in numerous

functions, particularly in the activation, modulation, and

degradation of bioactive peptides [5–7]. The study of neu-

rotransmitter/neuropeptide enzymes has substantially con-

tributed to our understanding of synaptic biochemistry; some

of their inhibitors are used as valuable therapeutics [7].

Opioid peptides

Enkephalins, endorphins, dynorphins, and orphanin belong

to the family of pain-killing opioid peptides. They are
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neurotransmitters and neurohormones in the nervous and

the endocrine system [8–15]. These peptides have a close

structural relationship and share with opiate receptor-

mediated actions in analgesia [16, 17], catalexy/epilepsy

[16], memory [18], hypothermia [19], appetite [20], sexual

behavior [21], hormones [22], mental diseases, and

behavior [23–25]. It is remarkable that both the opioid

peptides and aminopeptidases are involved in analgesia and

memory [7].

Enkephalin inactivation

Immediately after discovering enkephalins, it was noted

that they had extremely brief action. The neuropeptides

were metabolized rapidly following systemic administra-

tion. The intact enkephalins were blocked from passing

through the blood-brain barrier. Several research groups,

including us, vigorously attempted to understand their

inactivation mechanism [1]. It is believed that enkephalins

must first bind to the opiate receptors in nerve cell mem-

branes in order to trigger intracellular functions. Enke-

phalins are hydrolyzed in the brain and peripheral tissues

with various mechanisms [1, 26]. The unique distribution

of the CNS enkephalinergic neurons indicates that a par-

ticular enzyme specifically mediates enkephalin metabo-

lism within and by neurons.

Very few peptidases have a high degree of substrate

specificity [1]. An enkephalin-specific peptidase, the so-

called ‘‘enkephalinase’’ has yet to be found. After binding

to the opiate receptors on the outer membrane and trig-

gering the subsequent reactions, enkephalin is apparently

terminated by hydrolysis. Studies have found no uptake,

internalization mechanism, N-acetylation, O-sulfation,

phosphorylation, or glycosylation [26, 27]. In the CNS,

several peptidases can cleave Met- and Leu-enkephalin

(Tyr–Gly–Gly–Phe–Met, and Tyr–Gly–Gly–Phe–Leu) at

different sites: Puromycin-sensitive aminopeptidase (PSA)

and aminopeptidase N (APN) at the Tyr–Gly amide bond,

dipeptidyl aminopeptidase (DAP) at the Gly–Gly bond,

carboxylpeptidase at the Phe-Met bond, and angiotensin-

converting enzyme (ACE) and endopeptidase 24.11 (NEP),

at the Gly–Phe bond.

Carboxylpeptidase, ACE, DAP, and NEP

Because of their high catalytic Km (in mM level) for

enkephalin hydrolysis, neither carboxylpeptidase nor ACE

is likely a critical enzyme for enkephalin inactivation [28].

Although it has high activity in neurons and a low Km for

enkephalins [29], DAP has a low activity in membranes

and is uniformly distributed in the brain [30]. Inhibition of

NEP by thiorphan induces analgesia [27, 31]. It is con-

troversial whether NEP is a neuronal enzyme [32, 33]. But,

molecular cloning of NEP 24.11 revealed its structural

homology with the common acute lymphoblastic leukemia

antigen (CD10), implying its potential primary role in

immunology [34].

NH2-terminal hydrolysis

It has been suggested that enkephalin binding to the opiate

receptor is coupled with subsequent aminopeptidase deg-

radation [35]. Opioid peptides have a common NH2-ter-

minal peptide sequence (Tyr–Gly–Gly–Phe–) [36]. The

NH2-terminal tyrosine is an absolute requirement for these

peptides to exert opiate effects [37]. With cell-free and

intact-cell preparations, the liberation of Tyr is the major

mode of enkephalin degradation for its inactivation [38,

39]. In addition, aminopeptidase inhibitor, bestatin or

puromycin produces a dose-related, naloxone-reversible,

analgesic effect [40–42].

Membrane APN is involved in the metabolism of reg-

ulatory peptides in small intestinal and renal tubular epi-

thelial cells, macrophages, and granulocytes [43]. The

aminopeptidase is highly homologous to CD13, a 150-kD

cell surface glycoprotein [43, 44]. Furthermore, its exclu-

sive localization in the brain micro-vessels excludes APN

as ‘‘enkephalinase’’ candidate [45].

PSA in enkephalin degradation

PSA is a neutral aminopeptidase that splits a single amino

acid from the NH2-terminal of the peptides. It is most

concentrated in the brain [46]. While the majority (80%) of

the PSA resides in the cytosol, the rest is associated with

the membranes. The soluble and membrane-associated

forms of the enzyme are interchangeable [47]. The gene of

PSA is 27–40% homologous to Zn++-binding aminopep-

tidases, including APN [48]. The PSA gene (GenePSA) is

mapped to chromosome 17 at the interval 17q12–21 [49].

Through immunohistochemistry, the peptidase has been

localized to the cytoplasm and the nucleus. It associates

with microtubules of the spindle apparatus during mitosis

[48]. PSA, a ubiquitous enzyme, participates in proteolytic

events for cell growth and viability [48, 50]. Moreover, the

enzyme is bound to intracellular membranes with the active

sites inside the cytosol. It is believed that an ‘‘enkepha-

linase’’ is an ecto-enzyme that hydrolyzes extra-cellular

enkephalins. Even though an anatomical distribution

(specific location) associated with limited substrate
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specificity could constitute a ‘functional specificity’, an

intracellular localization would preclude PSA from func-

tioning as ‘‘enkephalinase’’ [39, 51]. The notion is further

supported by the imparity that dwarfism is found in the

GenePSA-deficient mice [52, 53] but not in the

Geneenkephalin-deficient mice [54].

PSA structure and function relationship

Intense focus on PSA has yielded important knowledge of

its protein structure, its substrates and cleavage activity,

and the regulation of its activity [7]. In human PSA, glu-

tamate 309 acts as a general acid/base catalyst. Its substi-

tution with other amino acids resulted in a 5,000- to

500,000-fold reduction in catalytic activity [55]. Since

aminopeptidases are complex proteins with pockets for

substrate binding and catalysis, metal ion binding, and

possibly protein–protein interactions [2, 56, 57], these

peptide sequences could be targets for specific domain-

selective inhibitors [58]. Recently, Tang et al. elegantly

demonstrated that a peptidase could also be activated by

structural modification [59]. Conformational modification

of insulin-degrading enzyme made the enzyme 40-fold

more active in accepting substrates and releasing products

faster.

Natural substrates of aminopeptisases

PSA has a preference for a basic or hydrophobic residue in

the P1 and P1¢ sites and has subsite–subsite interactions

that primarily affect binding [60]. Its active site extends

beyond the S2¢ position. It is highly possible that amino-

peptidases, including PSA, have different activity towards

physiologically important neuropeptides and endogenous

inhibitors. The substrate specificity study of aminopeptid-

ases will pinpoint their specific endogenous substrates and

elucidate their biological function in neurotransmission. In

addition to enkephalins, aminopeptidases sensitive to

puromycin are involved in the inactivation of dynorphins,

cholecystokinin, somatostatin, oxytocin, angiotensin,

proctolin, and vasopressin [61]. Arg0-enkephalin, an

immediate precursor of enkephalin [7, 30, 37, 62], can be

converted to enkephalin by PSA [7].

PSA diverse functions

The broad substrate specificity and wide distribution of

PSA in different tissues signify that it has many diversified

functions. It participates in proteolytic events essential for

cell mitosis, growth, and viability [63, 64]. Mice with

mutations in the PSA (goku) gene developed as dwarfs,

showed behavioral defects––anxiety and pain––and were

sterile [52]. The fertility defects in goku mutant mice

indicate that PSA participates in testosterone-mediated

reproductive signaling pathways in testes and brain and

plays a crucial role in maternal pregnancy recognition [53].

In Drosophila, PSA commands protein turnover jointly

with other aminopeptidases. In addition, its expression is

tightly regulated for normal development [65].

PSA in brain diseases

Recently, PSA was found to be crucial in mental and

neurological diseases [7]. The PSA protein content in

schizophrenic prefrontal cingulate and frontal cortices,

thalamus, hippocampus, hypothalamus, and outer globus

pallidus is less than its corresponding controls [66].

Moreover, PSA and amyloid precursor protein (APP) have

been co-immunoprecipitated [67] and co-localized around

senile plaques in the cerebral cortex and hippocampus of

the Alzheimer’s disease (AD) brain [68].

Microtubule-associated protein tau in

neurodegeneration

Neurofibrillary tangles (NFT) holding tau are a hallmark of

neurodegenerative diseases––including AD. NFT burden

correlates with cognitive decline and neurodegeneration in

AD. The mechanisms of tau-induced neurodegeneration

are not fully understood. Pathological aggregation of tau is

a typical characteristic of many neurodegenerative diseases

collectively called tauopathies [69, 70]. Either the gain of

toxicity or loss of function hypotheses could explain tau’s

pathological roles.

An essential role of tau in tauopathies became evident

with the discovery that tau mutations cause inherited forms

of frontotemporal dementia (FTD) with Parkinsonism

linked to chromosome 17 (FTDP-17) [69–71]. The process

of tau aggregation, its paired helical filament assembly, and

its accumulation is not completely understood. While tau

hyperphosphorylation evidently accelerates neurodegener-

ation [72–74)], the role of other posttranslational modifi-

cations, including proteolysis [73, 75], ubiquitination

[76–78], and nitration and glycosylation [77–80], as well as

the function of the tau amino terminus in this process,

remain unclear [75, 81, 82].

Numerous in vitro studies have identified potential

proteases that are active against tau, including calpain,

caspases, and thrombin [75, 83, 84]. However, their

2064 Neurochem Res (2007) 32:2062–2071

123



connection to neurodegeneration in tauopathy is vague.

Thus, identifying the causes that influence tau aggregation

or degradation in vivo and modulate tau-induced neu-

rodegeneration has important implications for understand-

ing tau-induced neurodegeneration and designing potential

therapeutic interventions [70, 73, 85–87].

Aminopeptidases in Alzheimer’s disease

NH2-terminal caspase-mediated cleavage of tau in vitro

and in AD may be involved in FTD formation [75, 81].

Moreover, FTDP-17 mutations could render tau protein

less susceptible to proteolysis, increasing the propensity of

tau to form aggregates. Analogous to the role of proteolytic

processing of other potentially toxic moieties, such as

proteolytic processing of amyloid by presenilins or secre-

tases [88, 89], cerebral aminopeptidases can also control

tau toxicity in vivo by regulating tau-induced neurode-

generation.

Regulation of APP and its proteolytic fragments plays a

critical role in AD pathogenesis [89]. Similarly, it is clear

from the human FTD-causing mutations that even rela-

tively subtle changes in tau isoform levels can cause neu-

rodegeneration [90]. Conversely, turning off an inducible

mutant tauP301L transgene after the onset of severe tau

pathology in the mouse, thereby reducing mutant tau lev-

els, can reverse the neurodegenerative process [87]. We

speculate that factors, such as brain aminopeptidases, that

act to modulate tau levels or splicing, are candidates for

playing a causal or contributory role in disease, and may

represent potential targets for therapeutics. Factors that

lead to brain aminopeptidases down-regulation in humans

would be expected to increase tau, which in turn could

contribute to disease susceptibility. Neurodegeneration in

FTD is known to primarily affect the superficial cortical

laminae. Therefore, even within brain regions, different

neurons are likely to show distinct patterns of vulnerability

to neurodegeneration. These observations highlight a

potential role for brain aminopeptidases that warrant

analysis in human patient samples.

Identification of PSA as an inhibitor of tau-induced

neurodegeneration

Most recently, Karsten et al. used DNA microarrays to find

genes that were more activated in certain regions than

others in the brains of transgenic tauP301L mice [91]. The

mice were engineered to have a mutant form of human tau

that causes neurodegeneration. The gene for PSA was

among those identified as more being activated in the

resistant cerebellum.

In fruit fly Drosophila, the group later found that sup-

pression of PSA gene worsened neurodegeneration. With

in vitro study, they found that PSA degraded tau peptides.

Karsten et al. then compared levels of PSA gene expression

in samples of brain tissue from the cortex and cerebellum of

both normal humans and those with fibrillary tangle disor-

ders. In both, a 5-fold elevation of PSA was found in the

cerebellum as compared to the cortex. Although PSA was

known to be highly brain enriched, its role vis-a-vis tau

degradation or modification of tau-induced neurodegenera-

tion had first been characterized. It was concluded that PSA

might play a pivotal role in preventing tau-induced neu-

rodegeneration, most likely by direct cleavage of tau. The

work not only reveals a significant protective factor in

fibrillary tangle disorders, it provides new direction for fur-

ther study of other such factors. Disabling the mutant, path-

ological form of tau in mice after the mice showed neuronal

pathology could reverse neurodegeneration. Geschwind and

co-workers [91] thus speculated that factors that act to

modulate tau levels or splicing, such as PSA, are candidates

for playing a causal or contributory role in disease.

PSA (also known as Npepps), a highly conserved

protein, protects against tau-induced neurodegeneration

in vivo, and its loss of function exacerbates neurodegen-

eration [91]. Although PSA does not directly alter APP

levels in vitro, brain aminopeptidases could provide a link

between amyloid deposition and tau pathology observed in

AD. While this and other questions relevant to the causal

role of PSA in human diseases involving tau are important

to answer, discovering that it is a protease potentially

mediating tau degradation is an important step in under-

standing the pathogenesis of tauopathies and developing

new therapeutic interventions in these fatal neurodegener-

ative diseases.

Sengupta et al. extended the observations using human

recombinant PSA purified from Escherichia coli [92]. The

enzymatic activity and characteristics of the purified PSA

were verified using chromogenic substrates, metal ions, and

several specific and nonspecific protease inhibitors,

including puromycin. PSA was shown to digest re-

combinant human full-length tau in vitro, and this activity

was hindered by puromycin. The mechanism of amino

terminal degradation of tau was confirmed using a novel N-

terminal cleavage-specific tau antibody (Tau-C6g, specific

for cleavage between residues 13–14) and a C-terminal

cleavage-specific tau antibody (Tau-C3). Additionally,

PSA was able to digest soluble tau purified from normal

human brain to a greater extent than either soluble or PHF

tau purified from AD brain, indicating that post-transla-

tional modifications and/or polymerization of tau may

affect its digestion by PSA. The results were consistent

with observations that PSA modulates tau levels in vivo

and may be involved in tau degradation in human brain.
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Puromycin inhibition targets

Cerebral administration of puromycin induces memory loss

and amnesia, characteristic symptoms of AD [93–95]. The

effects are neither due to the inhibition of protein synthesis

nor the impairment of cholinergic transmission at central

synapses [94, 95]. The puro-peptide complexes persisted in

synaptosomes and not other organelles [96]. Recently, we

found that puromycin represses neuron growth and differ-

entiation in vitro by inhibiting neuronal aminopeptidases

[97]. The study raises a number of interesting questions:

How many puromycin-sensitive aminopeptidases are in the

brain? Is there a brain-specific PSA? What is puromycin’s

primary inhibitor target in the brain?

Brain-specific neuron aminopeptidases

PSA (GenePSA-dependent puromycin-sensitive aminopep-

tidase) accounts for only 59% of the total brain amino-

peptidase activity, followed by the GenePSA-independent

puromycin-sensitive aminopeptidase for 29%, and puro-

mycin-insensitive aminopeptidase for 12% [52, 98]. Robust

aminopeptidase activity was located in the cell bodies of

the CNS neurons [99]. PSA transcripts were detected in rat

CNS neurons by in situ hybridization [48]. This preferen-

tial expression in neurons indicates that specific neuron

aminopeptidase(s) have dedicated functions. Aminopep-

tidases with over-lapping substrate specificities are present

in the CNS. In order to find specific aminopeptidases in the

brain, we developed a post-column continuous-flow ami-

nopeptidase detector by exploiting the highly sensitive

substrate b-nathylamides (bNA). Its conjugation with an

FPLC provides a fast, sensitive, specific, and reliable

method for aminopeptidase screening and quantitation. The

method separates an aminopeptidase of interest from the

interfering peptidases, activators, and endogenous inhibi-

tors [100].

We first compared the different aminopeptidases in the

brain and the peripheral tissues of rat. We found two novel

neuron-specific aminopeptidases: NAP and NAP-2. NAP

and NAP-2 were present only in the CNS but not in

peripheral tissues, serum, or sciatic nerve [7, 101]. NAP

was found in rat, mouse, bovine, and human brain. NAP-2

was found only in rat and mouse (Fig. 1). Neither NAP nor

NAP-2 was detected in chicken. In the rat cerebrocortical

neuron cultures, the activity of NAP was 33% of the total

aminopeptidase activity, 12% in the cerebellar granule

cells, and absent in the astrocytes. NAP was also absent in

the glioma C6 and the neuroblastoma SK-N-SH cells [101].

The distribution of NAP and NAP-2 was different in the rat

brain; the highest NAP activity was found in the hippo-

campus, whereas the highest NAP-2 activity was found in

the colliculus. NAP activity was always double that of

NAP-2 in all the tissues and cell cultures. Hypothalmus had

the highest ratio of NAP/NAP-2. Both aminopeptidases

were concentrated in synaptosomes with the NAP activity

being greater than that of NAP-2 (Hui and Hui, unpub-

lished observations).

NAP expression parallels neuron growth

NAP was found in the rat hippocampus of all ages, ranging

from prenatal to 3-month old [97]. Its concentration was

lower in immature rat; the 19th embryonic-day fetus had

the least. NAP increased steeply during the prenatal

through the neonatal period, 9-fold by the first month. The

growth speed diminished subsequently, increasing 20% in

the second month and 13% in the third. The age-dependent

increase in NAP activity paralleled its protein expression.

The specific hydrolytic activity/NAP antigenicity in new-

born, 15-day-old, and 30-day-old were 1.00, 0.88, and 1.00,

respectively. Its growth profile was distinct from that of the

Fig. 1 Aminopeptidase Zymograms of of Rat (upper) and Human

(lower) by FPLC-aminopeptidase Analyzer. Enzyme activity was

determined by measuring the fluorescence of the released b-

napthylamine
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leveled PSA. A similar pattern between NAP and PSA was

also found in the developing primary cerebellar granule

cells. NAP increased linearly, whereas PSA remained un-

changed, from 1–7 days after the seeding of the cells. By

the 9th day, NAP activity increased by 4-fold. Adding

puromycin or bestatin, a general aminopeptidase inhibitor,

to the medium on the 6th day inhibited neurite growth and

caused cell death. The data indicate that NAP is essential

for the neuron growth, differentiation, and cell death.

NAP biochemistry

NAP was purified from rat brain about 5,000-fold to

homogeneity with 9% recovery [101]. The neutral ami-

nopeptidase hydrolyzes bNAs of amino acids with ali-

phatic, polar uncharged, positively charged, or aromatic

side chains. It has a Km of 95 lM and a kcat of 7.8 s–1 on

Met-enkephalin, releasing only the N-terminal tyrosine.

The thiol-dependent metallo-enzyme is most sensitive to

amastatin inhibition with a Ki of 0.04 lM, and is the

aminopeptidase most sensitive to puromycin. The puri-

fied single-chain enzyme was estimated to be 110 kDa in

molecular mass. It has a pI of 5.25 and a pH optimum of

7.0. Only Mg (II) restores the activity of the apoenzyme.

The purified enzyme is distinct from all known amino-

peptidases, including PSA. The NAP enrichment in the

synaptosomes suggests that this neuron-specific pepti-

dase plays a role in neuron growth, neurotransmission,

and synaptic differentiation. Because the substrate

and inhibitor specificity of NAP and PSA are rather

similar [101], their hydrolysis of tau is expected to be

comparable.

We cloned a candidate 1,404-bp cDNA (63.2% identity to

mouse PSA) encoding the N-terminal section of rat NAP [7].

The nucleotide segment position at 875–1,404 is homolo-

gous to position 1,087–1,613 of PSA (96.4% identity),

containing a sequence encoding a divalent metal-binding

motif, HEXXH(X)18E, of aminopeptidases [102]. The

sequence at the 5¢- end 1–874, with an identity 44.9% to PSA,

is novel. It is void of the sequence encoding a universal

N-terminal PENKRPFERLPTEVSPINY of PSA [47, 48,

63]. The blocked N-terminal residue, though, has not been

identified. The cloning data imply that NAP is a novel ami-

nopeptidase and a possible member of the PSA superfamily

located in chromosome 17.

NAP-2 biochemistry

Lately, rat NAP-2 was purified to apparent homogeneity

by ammonium sulfate fractionation followed by column

chromatography successively on Phenyl-Sepharose,

Sephadex G-200, and twice on Mono Q with FPLC

(Hui and Hui, unpublished observations). The purified

aminopeptidase is a single polypeptide with an apparent

molecular mass of 110 kD and a pI of 5.6. It splits

bNAs of amino acids with aliphatic, polar uncharged,

positively charged, and aromatic side chains. The

enzyme also hydrolyses Met-enkephalin with a Km of

106 lM and kcat of 2.6 s–1, and Leu-enkephalin with

a Km 82 lM and and kcat of 1.08 s–1. It is highly sus-

ceptible to model aminopeptidase inhibitors and most

sensitive to amastatin with an IC50 of 0.05 lM. The

glyco-, cysteine-, and metallo-aminopeptidase is a

phosphorylated enzyme that dephosphorylates spontane-

ously. Its properties, natural occurrence, and develop-

mental profile are distinct from PSA and NAP. With the

completion of the Human Genome Project, it is

becoming clear that there is a high degree of genomic

similarity between species. Yet only rodents have NAP-

2. The additional neuronal-specific aminopeptidase

indicated that NAP is different between species; human

NAP is different from the rat NAP.

Table 1 Comparison of the only two neuron-specific enzymes

Neuron-specific aminopeptidase NAP Neuron-specific enolase NSE (2-phospho-D-glycerate

hydrolyase; EC. 4.2.1.11)

Enzyme function Peptide/protein metabolism Glycolysis

Distribution Exclusive in CNS neurons Brain and peripheral neural tissues

Protein structure Monomer Dimer

Molecular mass 110,000 daltons 2 · 50,000 daltons

Inhibitors Puromycin, Arg-peptides Phosphoglycolate

Genetic identity Unknown, possibly encoded by an independent gene Shares a gene with isozyme non-neuronal enolase

NNE and hybrid enolase

Significance To be uncovered, modifier of neurodegeneration Diagnostic tools for tumors in brain and endocrine
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NAP activity depletes in AD brains

Brain-specific proteins are powerful biomarkers and help-

ful tools in studies of neural mechanisms and neuropa-

thology. Amongst the more than 100 brain-specific

proteins, only NAP and the neuron-specific enolase are

enzymes [7, 101, 103]. To our knowledge, NAP is the only

functional brain-specific enzyme (Table 1). The indepen-

dent identification of PSA as a potential protector against

tauopathies reinforces our belief that the brain-specific and

puromycin-sensitive neuron-aminopeptidase NAP has an

imperative role in AD.

We studied the post-microsomal extracts of human

brain tissues with an automatic FPLC-aminopeptidase

analyzer [100]. After the injection, the column was wa-

shed with Bicine buffer then eluted with a NaCl gradient

in the same buffer increasing linearly from 0 to 0.21 M at

12 min, 0.23 M at 26 min, 0.24 M at 36 min, 0.29 M at

56 min, and 0.5 M at 61 min. The enzyme elution from

the FPLC was mixed with Leu bNA and incubated on-

line in a delaying coil for 3 min. Finally, the sample was

measured fluorometrically (Ex. 250/ Em. 389 nm). hNAP

(detected at 41.5 min) and the PSA (36 min) peak were

separated from each other (Fig. 1). The NAP activity was

14% of the total aminopeptidase activity [101]. To our

surprise, in a preliminary study, its activity in the frontal

cortex from the postmortem AD brains was drastically

reduced to less than 5% of the total brain aminopeptidase

activity.

Conclusions

Aminopeptidases are highly active enzymes for enkephalin

and tau degradation. We found two novel neuron-specific

aminopeptidases: One of them, NAP, has been the first

functionally active brain-specific enzyme identified. In an

independent study, we uncovered what appears to be a

natural protective mechanism of aminopeptidases against a

central cause of neuronal death in AD and similar neuro-

degenerative diseases. We theorize that it is possible to use

drugs to enhance that mechanism to alleviate AD pathol-

ogy. Typical AD symptoms, memory loss and amnesia, can

be induced by puromycin inhibition. NAP is the possible

primary target of puromycin in the brain. In AD brains, we

found that NAP was depleted more than PSA. We believe

that NAP is a leading/controlling factor in tau degradation.

Thus, we are studying whether NAP is a possible bio-

marker for neurodegeneration, whether there are environ-

mental (microbial) and endogenous inhibitors for the

aminopeptidase, and how these inhibitors are linked to

neurodegeneration.
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