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502. B-Aspartyl dipeptidase

Databanks

Peptidase classification: clan MX, family M38, MEROPS ID: M38.00]

NC-IUBMB enzyme classification: none
Databank codes:

Species SwissProt PIR EMBL EMBL (genomic)
(cDNA) .
Escherichia coli P39377 B55889 U15029 U14003: chromosome 92.8 to 00.1’

Name and History

Isoasparty] residues arise by the spontaneous post-transla-
tional alteration of asparty] and asparaginyl residues in
proteins (see Figure 502.1). This abnormal residue forms
the peptide bond linkage through its side chain B-carboxyl
group rather than its a-carboxyl group. Several eardy
studies using isoaspartyl-containing peptides showed that
the isoaspartyl B-carboxyl bond was generally resistant to
proteolysis. For example, extracts of yeast and mammalian
cells that could hydrolyze the dipeptide aspartyl-glycine did
not hydrolyze the corresponding isoaspartyl-glycine dipeptide
(Grassmann & Schneider, 1934). Rat liver or kidney extracts
demonstrated no hydrolytic activity towards an isoaspartyl-
alanine dipeptide (Greenstein & Price, 1949). Finally, leucyl
aminopeptidase (Chapter 473) was shown to hydrolyze the
aspartyl-containing angiotensin IT (Asp-Arg-Val-Tyr-Val-Ala-
His-Pro-Phe) but not the corresponding isoaspartyl form
(Riniker & Schwyzer, 1964). The first evidence for hydrolysis
of a B-carboxyl linkage was the cleavage of an isoaspartyl-
histidine dipeptide by a partially purified preparation of pig
kidney carnosinase (B-alanyl-histidine hydrolase; Hanson &
Smith, 1949).

Consistent with the general resistance of isoaspartyl B-
linkages to proteolysis, a number of isoaspartyl-containing
peptides were found in normal human urine (Buchanan ez al.,

1962). These peptides arise from endogenous metabolism
as well as from dietary sources (Dorer er al., 1966). The
finding that the levels of various isoaspartyl peptides did
not vary in the same proportions with food consumption
(Dorer et al., 1966) suggested the presence of a proteolytic
mechanism that minimized the accumulation of isoaspartyl
peptides. Interestingly, when rats were given radiolabeled
isoaspartyl di- and tripeptides by stomach tube, only a small
portion of the radioactivity was rapidly excreted, suggesting
that these peptides could be metabolized by one or more
enzymes that cleaved the isoaspartyl linkage (Dorer et al.,
1968). This rat enzyme is classified as EC 3.4.19.5 and its
mechanistic class has never been determined. It is discussed
separately in Chapter 551. An enzyme from Escherichia coli
was partially purified by Haley (1968) and has been more
recently purified to homogeneity (Gary & Clarke, 1995).
Unlike the mammalian enzyme, this bacterial enzyme does
not hydrolyze tripeptides and is therefore called -aspartyl
dipeptidase or isoaspartyl dipeptidase.

Activity and Specificity

Isoasparty]l peptidase activity was first characterized in rat
liver extracts (Dorer et al., 1968) (Chapter 551). This activ-
ity, assayed by the hydrolysis of an L-isoaspartyl+glycine
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Figure 502.1 Aspartyl (R = -OH) and asparaginyl (R = -NH;) residues can undergo a spontaneous intramolecular cyclization
reaction in which the peptide-backbone nitrogen atom of the following residue attacks the carbony! of the Asx side chain to
form an L-succinimidy! residue (cenrer). Upon hydrolysis, this cyclic product opens to give either the L-asparty} residue or an
L-isoaspartyl residue that now has the peptide bond connecting through the side-chain S-carboxyl group, resulting in a kink

in the peptide backbone.

Table 502.1 Dipeptidase activity

Substrate % of maximal activity
Partially purified rat liver Partially purified Homogeneous
preparation® E. coli preparation® E. coli enzyme®
B-Asp-Gly 100 0 8
B-Asp-Met 82 68
B-Asp-Leu 65 100 100
B-Asp-Ser 56 82
B-Asp-Ala 51 33
B-Asp-lle 37 19
B-Asp-Thr 29 18
B-Asp-Val 2 56
B-Asp-Gln 48
B-Asp-Phe 38
B-Asp-Asn 10
B-Asp-His 0
B-Asp-Gly-Gly 95 0
B-Asp-Gly-Ala 55 0
B-Asp-Gly-Val 13
B-Asp-Leu-Gly 0
Asp-Gly 3
Asp-Leu 9 0 13
y-Glu-Leu 0 0 0
y-Glu-Gly 0
y-Glu-His 0
y-Glu-Cys 0

*Dorer et al. (1968); PHaley (1968); “Gary & Clarke (1995).

dipeptide, was purified approximately 15-fold over crude
cytosol and was maximally active in phosphate buffer at pH
values between 7.5 and 8.0, falling off sharply below 6 and
above 9 (Dorer er al., 1968).

An analogous isoasparty] dipeptidase activity was found
shortly thereafter in the bacterium Escherichia coli (Haley,
1968). This activity was initially characterized using a prepa-
ration that was enriched 110-fold over crude cytosol (Haley,
1968) and has more recently been purified to homogene-
ity (Gary & Clarke, 1995). The pH activity profile of this

bacterial preparation is similar to that of the originally
characterized rat enzyme (Haley, 1968). The E. coli enzyme,
however, has little or no activity towards the isoaspartyl-
glycine dipeptide (Haley, 1968; Gary & Clarke, 1995) (see
Table 502.1). Instead, maximal activity is observed with an
isoaspartyl+leucine dipeptide substrate which has a K, of
0.81 mM (Haley, 1968). As with the mammalian enzyme,
normal aspartyl and y-glutamyl dipeptides are either not sub-
strates or are much poorer substrates (Table 502.1) (Haley,
1968; Gary & Clarke, 1995). Interestingly, the E. coli enzyme
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is unable to utilize isoasparty! tripeptides as substrates (Haley,
1968). Another distinguishing feature of the E. coli enzyme
activity is its sensitivity to Mn?*, Co?* and Zn?*, which
inhibit the enzyme 42, 90 and 100%, respectively (Haley,
1968). On the other hand, the bacterial enzyme activity
is unaffected by iodoacetamide (5mM), o-iodosobenzoate
(1 mM), and ammonium persulfate (0.4 mM), but is inhibited
17% by 2mM p-hydroxymercuribenzoate (Haley, 1968).
For comparison, the partially purified rat liver enzyme
was able to hydrolyze a number of isoasparty] dipeptides;
isoaspartyl4-glycine was the best substrate tested (Table 502.1).
In addition to hydrolyzing these dipeptides, the enzyme
preparation also cleaved the N-terminal isoaspartyl peptide
bond present in several tripeptides (Dorer e al., 1968). The
activity of this peptidase seems to be specific for isoas-
partyl residues, because mormal aspartyl- and isoglutamyl
(y-glutamyl)-containing dipeptides were not substrates (Dorer
et al., 1968). The rat liver isoaspartyl peptidase was neither
greatly inhibited nor strongly activated by various divalent
metal jons (Mg?*, Mn?*, Ca?* and Co?*) at a concentra-

tion of 1mM, the greatest effect being a 46% inhibition

by ImM Zn** (Dorer eral., 1968). Sodium or potas-
sium ions were required for maximal activity (Dorer er al.,
1968). Activity was unaffected by sodium EDTA, 2-ME and
iodoacetamide at 1 mM concentrations; however, 1 mM p-
hydroxymercuribenzoate inhibited the activity by 70% (Dorer
et al., 1968).

On the basis of these differences, it seems best to retain two
separate entries for the mammalian and bacterial peptidases.
The mammalian enzyme cannot be definitively assigned to
a class and so is treated with the unclassified peptidases in
this Handbook (Chapter 551). The bacterial enzyme is treated
more fully in the following sections.

Structural Chemistry

The E. coli isoaspartyl dipeptidase is encoded by the gene
iadA, located in the 98 min region of the E. coli chromosome
(Gary & Clarke, 1995). The ladA protein is cytosolic and
contains 390 amino acids with a calculated pl of 5.02. The
enzyme has a molecular mass of 41kDa as predicted from
its DNA sequence; this size was confirmed by SDS-PAGE
analysis (Gary & Clarke, 1995). The isoasparty] dipeptidase
activity elutes as a species of approximately 120kDa on a
Sephadex G200 gel-filtration column (Haley, 1968; cf. Gary
& Clarke, 1995). suggesting that the enzyme may exist in a
multimeric complex.

Preparation

Two bacterial isoasparty! dipeptidase purifications have been
reported. Haley (1968) partially purified (110-fold) the
dipeptidase from E. coli strain B by size-exclusion and anion-
exchange chromotography, achieving a specific activity of
770nmol min~! mg~! (using L-isoaspartyl-L-leucine as the
substrate) with a 34% yield. Gary & Clarke (1995) included
an additional phenyl Sepharose chromatography step to
achieve a homogeneous preparation (>3000-fold purification)
of the enzyme from the wild-type E. coli strain MC1000, as
well as from strain JDG100, which overexpresses JadA at

least 40-fold over MC1000. Both preparations gave a specific
activity of 1900nmolmin~'mg~! (using L-isoaspartyl-L-
leucine as the substrate) and a 15% yield.

Biological Aspects

L-Isoasparty] residues in proteins arise spontaneously over
time from L-aspartyl and L-asparaginyl residues through
nonenzymatic, intramolecular isomerization and deamidation
reactions (see Figure 502.1; Stephenson & Clarke, 1989;
Wright 1991; Clarke efal. 1992). Protein function may
be impaired due to the resulting kink in the polypep-
tide backbone. If this damaged protein is not adequately
repaired by the L-isoaspartyl/D-aspartyl methyltransferase, it
may be degraded (for a review see Visick & Clarke, 1995).
Isoaspartyl-containing peptides can arise from the incomplete
degradation of these damaged proteins, because most cellu-
lar proteases do not recognize the isoaspartyl linkage (Haley
et al., 1966; Murray & Clarke, 1984; Johnson & Aswad,
1990).

In E. coli, which has a minimal doubling time of 20 min,
the accumulation of isoaspartyl residues may be insignifi-
cant during exponential growth. However, after a prolonged
period in stationary phase the level of these damaged residues
may increase along with their isoasparty] dipeptide degrada-
tion products. The isoaspartyl dipeptidase may prevent the
accumulation of these dipeptides, which may be toxic to the
bacteria or may result in the depletion of the pool of amino
acids necessary for survival in stationary phase (Mandelstam,
1958, 1960; Reeve er al., 1984a,b). These hypotheses were
tested in a strain of E. coli lacking the iadA gene, JDG11000
(Gary & Clarke, 1995). The null mutant strain did not exhibit
any obvious phenotypes; exponential growth and stationary
phase survival were similar to the parent strain (Gary &
Clarke, 1995). In addition, radiolabeling studies did not reveal
any accumulation of isoaspartyl-leucine dipeptides (Gary &
Clarke, 1995). However, an assay of the null mutant cytosol
did show the presence of a secondary isoaspartyl dipepti-
dase activity that accounts for approximately 31% of the total
isoaspartyl dipeptidase activity in crude extracts of the parent
strain (Gary & Clarke, 1995). It is possible that the remain-
ing activity is sufficient to compensate for the loss of IadA
activity; only a strain with both enzymes deleted would then
show a phenotype due to isoasparty] dipeptide accumulation.
Preliminary results from a partial purification of this second
isoasparty] dipeptidase activity indicate that its specificity is
very similar to that of ladA: it hydrolyzes isoaspartyl-leucine
but uses neither aspartyl-leucine nor isoaspartyl-glycine as
substrates (J.D. Gary, unpublished results).

Distinguishing Features

A database search for protein sequences similar to the E. coli
isoaspartyl dipeptidase amino acid sequence (performed in
July 1996) using the NCBI BLAST program (Altschul et al.,
1990) did not identify any related proteases or peptidases.
However, significant amino acid sequence similarity to the
family of bacterial dihydroorotases was found. The region
of highest similarity is within the first 100 amino acids
(Figure 502.2) and centers around a ten amino acid region of
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1 IDYTARA[GIF TLIL QG A H[LIY A P E D[RIG I c D v L[V] E. coli isoaspartyl dipeptidase
1 GVWLKN|G|M s%ln KDG EM RTHIK------ B. caldolyticus dihydroorotase
1 SYLIKNGWITNENGEKTQADI[R------ V| B. subtilis dihyrdoorotase
1 AN KIIAVASNIS[EIVP c[TV]V[D|L s[G]o I L E. coli isoaspartyl dipeptidase
S EHGITIIIAIAIILYEQ|PJLEA - -IN|E D|VIII|D|V G|G|R L I B.caldolyticus dihydroorotase
3 TGETITAIT - - - 6K L[DJA T DINJE[T V| I|D|A K|GIL L V B, subtilis dihyrdoorotase
6 C GG[GG G P[T]T R[T|P E V[A|L s E. coli isoaspartyl dipeptidase
5 VPGID EPIGGEA|IXKE|TITI E|TIGT L|A|AA B,caldolyticusdihydroorotase
2 SIPGFVD EPIGGEKKE IE_’I,‘JGAKAAG B. subtilis dihyrdoorotase
9 RILTEAG E. coli isoaspartyl dipeptidase
8 KGGFTT B. caldolyticus dihydroorotase
& MeeyTT B. subtilis dihyrdoorotase

Figure 502.2 'The N-terminal region of the E. coli isoaspartyl dipeptidase sequence aligned with dihydroorotases from Bacillus
caldolyticus and Bacillus subtilis. Residues identical to the dipeptidase are boxed, and the region of highest similarity is shaded.
Over the entire protein sequence the dipeptidase is 13% identical in sequence to the dihydroorotases, but this N-terminal region

demonstrates 25% identity.
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Figure 502.3 Comparison of the reactions catalyzed by the isoaspartyl dipeptidase (rop) and by dihydroorotase (botrom),
showing the similarity of the reactions and the structural similarity of the substrates.

the dipeptidase with the sequence PGFIDQHVHL (see shaded
region in Figure 502.2). Studies on the E. coli dihydroorotase
suggest that this region is a zinc-binding motif, with the two
conserved histidines serving as ligands for a catalytic zinc
ion (Washabaugh & Collins, 1984, 1986; Brown & Collins,
1991). The observed sequence similarity between the isoas-
partyl dipeptidase and dihydroorotases is consistent with a
similarity in their substrates and in the chemistry of the
reaction catalyzed (Figure 502.3). Isoasparty! dipeptides and

dihydroorotate have very similar molecular geometries and
functional groups, and hydrolysis occurs at a similar posi-
tion on each molecule. The E. coli isoasparty] dipeptidase,
however, has no dihydroorotase activity (Gary & Clarke,
1995). It appears that in order to cleave an abnormal type
of peptide bond, E. coli cells have evolutionarily derived
a unique dipeptidase from an unrelated metabolic enzyme
rather than modifying an existing peptidase from an a- to a
B-carboxyl specificity.
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