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The structure of tripeptidylpeptidase II (TPPII) has shown that it belongs to the group of exopeptidases
which use a double-Glu motif to convey aminopeptidase activity. TPPII has been implicated in vital bio-
logical processes. At least one of these, antigen processing, requires the involvement of its endopeptidase
activity. In order to understand the extent and molecular basis of this unusual functional promiscuity we
have performed a systematic kinetic analysis of wild type Drosophila melanogaster TPPII and five point
mutants of the double-Glu-motif (E312/E343) involving natural substrates. Unlike the known double-
Glu motives of other exopeptidases, the double-Glu motif of TPPII is distinctly asymmetrical: E312 is
the crucial determinant of the aminotripeptidolytic ruler mechanism. It both blocks the active-site cleft
at substrate position P4 and forms a salt bridge with the N-terminus of the substrate. In contrast, E343
forms a much weaker salt bridge than E312 and it does not have a blocking role. An endopeptidase sub-
strate can bind at relatively high affinity if the length of the substrate permits binding to several S’ sites.
However, the lacking alignment of the substrate by the double-Glu motif causes the endopeptidolytic

Kcat/Kym of TPPII to be very low.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Tripeptidylpeptidase II (TPPII, EC 3.4.14.10) is an aminotripep-
tidase of the subtilisin type which has been implicated in several
vital biological functions, such as general protein turnover, antigen
trimming, control of satiety, DNA-repair, cell division, and apopto-
sis [1]. It constitutes the largest cytosolic protease complex in
eukaryotes. The variant from Drosophila melanogaster forms a
6 MDa complex consisting of 40 subunits stacked into two twisted
strands arranged into a spindle [2]; its structure has been deter-
mined recently [3] using a hybrid EM-X-ray approach.

Lately, evidence was presented for a structural motif of TPPII
[3,4] previously found in the atomic structures of other - non-re-
lated - exopeptidases: the double-Glu motif, which is the most fre-
quently found structural motif conferring aminopeptidase
specificity to peptidases. It is present in the structures of prolyltrip-
eptidyl peptidase (PTP, [5,6]), dipeptidyl peptidase IV (DPPIV, [7]),
Tricorn F1 factor [8], and aminopeptidase N [9]. In these exopeptid-
ases, both glutamate residues form salt bridges with the charged

Abbreviations: TPPII, tripeptidylpeptidase II; DPPIV, dipeptidylpeptidase IV; PTP,
prolyltripeptidylpeptidase; Amc, 7-amido-4-methylcoumarin; SI, selectivity index;
wt, wild type.
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N-terminus of the substrate, thereby determining the position of
the substrate in the active-site cleft. This binding of the N-terminus
creates a molecular ruler for the precise cleavage of exopeptidase
substrates after one, two, or three residues, respectively.

In addition to its aminotripeptidase activity, TPPII has been re-
ported to possess a weak endopeptidase activity which is required
foritsreported functionin antigen trimming (see [10] for arecent re-
view). On the other hand, the function of TPPII as a neuropeptidase
involved in cholecystokinin-8 metabolism [11], in which different
peptide fragments have quite different biological functions [12],
necessitates high cleavage fidelity. This precision, in turn, requires
astrong discrimination against all activities other than aminotripep-
tidase activity. To clarify this seemingly paradoxical situation, we
need to understand the role of the selectivity-mediating molecular
ruler mechanism in both activities. We have shown recently that
E312 and E343 are critical for exopeptidase activity of TPPII [3].
However, the binding of exo- and endopeptidase substrates to TPPII
is not yet understood because in the structure of the dimer [3], only
aninternal loop - not a substrate or an inhibitor - is bound to the ac-
tive-site cleft. The catalytic serine situated adjacent to this loop in
the sequence is thus displaced from its active position, which results
in an inactive form of the peptidase. TPPII dimers in solution have
low activity, and full activity is attained by assembly of dimers into
the spindle-shaped complex [13]. We suggested this assembly to in-
volve a conformational rearrangement involving the loop bound to
the active site [3]. Therefore, we need to study the intact TPPII com-
plex to understand the role of the molecular ruler in exo- and endo-
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peptidase activity. To elucidate the mechanistic principle conveying
aminotripeptidase selectivity to TPPII and to assess the conditions
for, and significance of, the secondary endopeptidase activity, we
have performed a kinetic study of the protein complex and a set of
point mutants of the double-Glu motif.

2. Materials and methods
2.1. Peptide substrates

Peptides were purchased from BACHEM.

2.2. Generation of TPPIl mutants

Point mutations were introduced into the dmTPPII gene using
the QUIK-Change Mutagenesis kit (Stratagene). Cloning procedures
were as described [13].

2.3. Purification of TPPII

Wild type Drosophila TPPII and mutants were purified from
Escherichia coli cell lysates as described [13]. To exclude any traces
of E. coli peptidases, purified TPPIl was additionally subjected to
ion exchange chromatography on HiTrap ANX and Superose 6
and the desired purity confirmed by mass spectroscopy. The integ-
rity of the TPPII spindle complex was verified by electron micros-
copy of negatively stained specimen. Complex integrity in the
kinetic studies was controlled by molecular sieve chromatography
on Superose 6 (HR10/30).

2.4. Peptide separation

TPPII activity was routinely assayed using the fluorogenic sub-
strate AAF-Amc [2]. To determine cleavage rates of peptides not
carrying a fluorogenic reporter, acid-quenched digests were sub-
jected to HPLC on a 150 x 4.0 mm YMC-ODS-AQ, 12 nm, S-3 mm
column using a Beckman System Gold HPLC system. Peptides were
eluted by 0.1% trifluoroacetic acid/0-20% acetonitrile at 0.75 ml/
min and detected at 214 and 280 nm.

2.5. Determination of kinetic parameters

Digestion was carried out in Lo-Bind Eppendorf vials in the
presence of 2-5 mM dithiothreitol. Peptides dissolved in 80 mM
potassium phosphate, pH 7.5 were digested with wt TPPII at
0.002-0.4 mg/ml or one of its mutants at 0.02-0.2 mg/ml. Samples
were incubated at 30 °C for 1 min to 24 h and digestion terminated
by addition of 3 M phosphoric acid to a final concentration of
300 mM. It was ensured that the rates determined were in the lin-
ear range of the progress curve and thus corresponded to initial
rates. The concentration of peptide substrates was varied in an
appropriate range, depending on the respective Ky;. Products were
quantitated via detection at 214 nm and determination of peak
areas using the molar absorption coefficients of amino acids and
of the peptide bond reported in [14].

2.6. Mass spectrometry

HPLC/MS analysis of peptide digests was performed on a micro-
TOF time-of-flight ESI mass spectrometer (BrukerDaltonics) cou-
pled to an Agilent 1100 HPLC system, equipped with
thermostated column compartment and autosampler (Agilent).
For separations, a Varian Pursuit XRs Ultra C18 column (2.8 pm,
2.0 mm x 100 mm) was used. Samples were eluted using 0.05%
TFA and a 5-80% acetonitrile gradient.

3. Results
3.1. The double-Glu motif of TPPII

To understand substrate binding to the active site of TPPI], it is
necessary to know the topology of the double-Glu motif in the ac-
tive enzyme as well as the sterical relationship of the two gluta-
mates with peptides bound. Since the active site of TPPII shows
homology to that of subtilisin, the known structure of the complex
of subtilisin with the inhibitor Eglin C (Fig. 1A, [15]) can provide a
clue of substrate alignment in the active-site cleft of TPPIl. How-
ever, being an endopeptidase, subtilisin does not possess a dou-
ble-Glu or related motif. To establish a tentative sterical
relationship between bound substrate and the double-Glu motif
of TPPII, we created a superimposition of the structures of subtili-
sin Carlsberg, with bound residues P42 through D46 of Eglin C, and
TPPII (Fig. 1B). Since this Eglin fragment occupies binding subsites
S4-S1 (Berger und Schechter nomenclature, [16]), and since, being
an aminotripeptidase, TPPII only possesses the binding subsites
S3-S1, we expected residue V42 (corresponding to peptide posi-
tion P4) of Eglin C to be subject to a sterical clash at S4 in the super-
imposition. This is, indeed, the case: The S4 subsite is blocked by a
ridge formed by the side chains of E312 and E343 (Fig. 1B). To ob-
tain a clue as to how the N-terminal (P3) residue of an exopepti-
dase substrate might interact with the double-Glu motif in TPPII,
only the residues V43 through D46 of Eglin C, corresponding to
positions P3 through P1’, were considered in the superimposition.
Now the carboxylate side chain of E312, which blocks the S4-posi-
tion, is juxtaposed to the N-terminus of the residue in position P3,
whereas the carboxylate site chain of E343 is situated laterally
with respect to the substrate backbone. From this topology we pre-
dict an asymmetrical dual salt bridge of the substrate’s N-terminus
with the two glutamates (Fig. 1C). According to the atomic dis-
tances calculated from the superimposition, the corresponding
bond lengths are 1.5 A for E312 and 2.7 A for E343.

We expected endopeptidase substrates of TPPII to assume a
conformation similar to the bound loop residues in the crystal
structure (Fig. 1D). Because P4 cannot occupy the blocked S4 posi-
tion, P3 has to bend out of the cleft. Since the P3 residue of an
endopeptidase substrate does not possess a free N-terminus, it
cannot form a salt bridge with the carboxylate side chain of
E312, but it might form a hydrogen bond with E343.

Thus, our working hypothesis for the role of the double-Glu mo-
tif in exo- and endopeptidase activity (Fig. 2) assigns a dual role to
E312: this glutamate determines the three-amino-acid span of the
molecular ruler by sterical limitation of the active site at S4 on one
hand and by causing bound substrate to dock via a salt bridge on
the other hand. Substrate docking would be expected to force the
N-terminal residue to actually bind to the S3 pocket instead of
assuming alternative positions at S2 or S1 (Fig. 2A). In contrast,
E343 interacts with the N-terminus of exopeptidase substrates
from a lateral position not posing a sterical constraint. For endo-
peptidase activity (Fig. 2B), we assumed that the substrate binds
to the same site as an exopeptidase substrate does. In this case, res-
idue P3 has to bend out of the active site-cleft to avoid a sterical
clash of P4 with the side chain of E312. In order to test our hypoth-
esis we performed an enzymological characterization using a
mutational approach.

3.2. Mutations of the double-Glu motif

To eliminate possible salt bridges, either of the two gluta-
mates E312 and E343 was mutated to glutamine. To remove po-
tential sterical conflicts of endopeptidase substrates with one or
both of the carboxylate side chains, either glutamate residue was
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Fig. 1. Substrate binding to the double-Glu motif of TPPII. In the surface representation of the TPPII structure the residues of the catalytic triad and the Asn of the oxyanion
hole are shown in light yellow, the double-Glu motif (E312/E343) is shown in intense yellow. Residues of a peptide chain bound to the active-site cleft are shown in stick
representation and highlighted green. The positions are labeled according to the Berger and Schechter nomenclature [16]. (A) Binding of residues P42 through D46 of Eglin C
(corresponding to P4 through P1’) to Subtilisin Carlsberg (Database ID: PDB 1CSE). (B) Superimposition of Eglin C4,_46, as bound to subtilisin, with the structure of TPPII
(Database ID: PDB 3LXU). (C) As (B) but P42 of Eglin being deleted in silico. The suggested salt bridges between E312/E343 and the N-terminus of the P3 residue are indicated
by dotted lines. (D) Binding of four loop residues (L457 through G460) to the active-site cleft [3]. The N-terminal continuation of the loop from L457 is indicated by green dots.
A possible hydrogen bond between the E343 carboxylate and the backbone amide proton of L457/M458 is indicated by a dotted line.

Fig. 2. Working hypothesis of exo- and endopeptidase activity of TPPII in relation to
the double-Glu motif. The positions of the active-site cleft are numbered according
to the Berger and Schechter nomenclature [16]. (A) Exopeptidolysis and (B)
endopeptidolysis.

mutated to glycine. In addition, a double mutant E312G/E343G
was created to study the effect of the complete deletion of the
double Glu motif on activity. With all mutants, the structural
intactness of the highly purified, spindle-shaped TPPII complex
was verified by molecular sieve chromatography and by electron
microscopy (Supplemental data, Fig. 1S). The TPPII complex was
only slightly destabilized in all of these mutants, as judged by

the occurrence of some large fragments of the complex. How-
ever, another double mutant, E312Q/E343Q, predominantly
formed single strands and lower oligomers and was therefore
not used in this study, since both Ky and V.« of TPPII depend
on oligomer size [13].

3.3. Enzymological characterization of the double-Glu motif

The mutants E312Q, E312G, E343Q, E343G, and E312G/E343G
were kinetically characterized using three different substrates:
The standard assay substrate AAF-Amc and two natural substrates
[11], the cholecystokinin fragments CCK-5 (GWMDF) and CCK-8
(DYMGWMDEF). Since (amino-)exopeptidase activity requires a free
N-terminus, we used these three substrates to study exopeptidase
activity, whereas the endopeptidase activity of TPPII was investi-
gated using N-terminally acylated forms of these peptides.

As endopeptidase activity we regard all peptide bond cleavages
independent of the charged N-terminus. Thus, this includes cleav-
ages after substrate positions <P3 and >P3, as well as cleavage of
acylated substrate after any position. We define the exopeptidase
selectivity index (SI) as the ratio of K.,/Ky for the wild type, or
an N-terminally free substrate, respectively, over K¢,:/Ky for a mu-
tant or an N-terminally acylated substrate, respectively. Acylated
substrates provide selectivity indices of the whole double-Glu mo-
tif as well as information on “sterical selectivity” due to sterical
clashes with either of the two glutamates. Point mutants of the
double-Glu motif yield information on the contributions of individ-
ual residues to exopeptidase selectivity.



212 J. Peters et al./Biochemical and Biophysical Research Communications 414 (2011) 209-214

Exopeptidase activity

AAF|AMC GWM| DF DYM |GWMDE
<e/ WT Vinax Voo 22 300 + 900 76 600 + 2900 12 700 + 470
i K 435+ 29 109 + 13 13317
A © | A0R0L0,00 Keat /K 1.28 x 10° 1.76 x 10° 2.38 x 10°
@/ E312Q | Vee/Vico 0.06 + 0.02 9.8+22 16.2+1.2
,L Kw > 5000 > 3000 226+ 28.9
B| © | 1 02020,03 Keat /K 17 64.8* 262
@/ E312G | Vaw/Vioo 0.13+0.04 4510 + 250 397+3
S 11 Ku > 5000 1640 + 100 1217
C e O-0-O00 Keat /K 2.76* 6 880 4600
@/ E343Q | Vee/Vico 2604 7 690 + 2460 25600 + 100
J K >5000 422 + 189 781 +50
D © | oO-0-00 Keat/Kut 65.1 1.83x10* 8.31 x 10
s E343G | Vew/Vioo 47+14 16 700 + 4170 4110 + 340
~ ,], Ku 2870 + 960 566 + 212 96.6 + 13.5
E ele'O'O'O'O' Keat /K 4.1 6.18 x 10 1.06 x 10°
/s E312G/ | Vea/Vico 0.005 + 0.002 809 + 82 210 £ 39
— ~ ‘L E343G Ku n.d. 618 + 88 229 + 60
F ' O-O-00 Keat /K 0.15* 3770 2290

Endopeptidase activity

Suc-AAF|Amc Ac-GW .M |,D|F Ac-D|.YM|,GW | MDF
@/ WT Vinax V0o < 001 @b) 37+1.1/ nd. (@lc)  3.8+0.2/n.d.
A J K/ K app. n.d. (alb) 1550 % 720 / >3000 239+ 46 / n.d.
G| © O-0-0'0 Keat/Kn n.d. (alb) 5.6/4.6 39.5
(e/ E312Q | Vew/Viao < 0.01 (alb) nd./ 0.54 (alc)  54+05/ nd.
A ! K n.d. (alb) n.d />3000 750 £ 106 / n.d.
H| © | O 050,05 Keat /Knn n.d. (alb) nd./ 135 18.0
@ E312G | Vma/Vieo < 0.01 (b) 66811 (b) 155 + 18.0
— J K n.d. 1490 £ 300 382+ 92
I ~-O0-O0- 00 Koot /K n.d. 1120 1010
&/ E343Q | Vew/Vio <001 (alb) 0.06£0.02/0.04£0.01 | (alc) < 0.2/<0,2
A'\O |, K nd. (alb) nd. nd.
K e | Keat /Kn n.d. (alb) 1.6*10.9* n.d.
¢/ E343G | Vwe/Vioo <001 (alb) 0.030.01/0.03:0.01 | (alblc) <0.2/<0.2/<0.2
Ac ! . Ku nd. (alb) n.d. n.d.
L e| O o000 Keat /Kn n.d. (alb) 0.9/0.8% n.d.
¢/ E312G/ | Vew/Vico < 001 (b,c) 2420+40/n.d. () 651+ 30
I ! E343G | Ku n.d. 2110 £ 450/ n.d. 243 + 45
M| 20000 Keat /K n.d. 2870/ n.d. 6 700

Fig. 3. Kinetic parameters of exo- and endopeptidase activity obtained with the wild type and mutants of TPPIL In analogy to the scheme in Fig. 2, schematic representations of the
active site with bound substrate in different TPPII variants are shown on the left. Mutational changes are highlighted in red. Rates V are given in (pmol pg~! min~'], Vat 100 uM
substrate (V1qo) is represented in italics. Note that V.« is defined here as specific rate and is thus proportional to K., (conversion factor: 2500). Ky (or Ky app., respectively) is
givenin [uM], Keoe/Ky is givenin [s~' M~']. Values were rounded to three decimals. Error margins (rounded accordingly) correspond to one S.D. K.,¢/Ky values determined directly
from initial rates at [S] < Ky; are marked with an asterisk. n.d., not determined. Cleavage sites are marked a,b,c, and the corresponding kinetic parameters are marked accordingly.
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3.4. Exopeptidase activity

In contrast to AAF-Amc, both natural substrates, CCK-5, and
CCK-8, are cleaved efficiently by most mutants (Fig. 3), however,
at more or less increased Ky and decreased Vi,.x. Whereas the SI
is between approx. 2 x 10% and 10° with AAF-Amg, it is still be-
tween approx. 25 and 3 x 10* with the natural substrates.

The impact of the mutations on the kinetic parameters is much
higher for E312 (Fig. 3, rows B and C) than for E343 (Fig. 3, rows D
and E). Thus, the SI values for CCK-5 and CCK-8 are approx. 25,000
and 10,000 with E312Q, but only approx. 90 and 20 with E343Q.
These values imply that E312 is the crucial determinant of amino-
tripeptidase selectivity within the double-Glu motif, whereas E343
plays an auxiliary role. The fact that the tripeptidolytic cleavage
register is maintained even in the E312G/E343G double mutant,
may reflect the energetically favorable site occupation of the
natural substrates CCK-5 and CCK-8. The substrate AAF-Amc is
hardly cleaved by the double mutant: whereas, according to the
data obtained with the E312G/E343G mutant, the SI of the dou-
ble-Glu motif is approx. 1000 for CCK-8 as substrate, it is approx.
8 x 10° for AAF-Amc (Fig. 3, row A vs. F). It follows that binding
pockets S1-S3 alone do not provide enough affinity for a TPPII sub-
strate to be bound and aligned for cleavage.

The high exopeptidase selectivity of the mutations is in agree-
ment with the observation that cleavages of CCK-5 and CCK-8 by
wt TPPII deviating from the canonical tripeptide register were
not detectable, implying a cleavage fidelity >approx. 99.9%.

3.5. Endopeptidase activity

Endopeptidolytic cleavage by TPPIl may occur in two ways: If
cleaved after sequence position >2, acetylated substrates would
be expected to be subject to a sterical clash with E312 (see
Fig. 2B). Alternatively, the cleavage may occur at sequence position
<3, thus avoiding a clash. Both patterns are observed in the cleav-
age of CCK-5 and CCK-8.

The endopeptidase activity of the wild type and the mutants
E312Q, E343Q, and E343G, all of which possess a side chain on res-
idue 312, is very low, with SI > 10°. In contrast, the endopeptidase
activity of mutants lacking the E312 side chain, E312G (Fig. 3, row
) and E312G/E343G (Fig. 3, row M) is comparable to the activity on
the corresponding exopeptidase substrates. In these two mutants,
the exopeptidolytic cleavage register is maintained. Thus, the acet-
yl group is obviously accommodated without a clash at position S4,
which implies that - as hypothesized - the side chain of E312
blocks the S4 position of the active site cleft.

In contrast to the deletion of the side chain of E312, the deletion
of the side chain of E343, as in E343G (Fig. 3, row L), does not lead
to an increase of endopeptidase activity. Therefore, the E343 side
chain does not appear to contribute to the sterical constraints im-
posed by the molecular ruler. Neither does it promote endopepti-
dase activity, since Kc¢/Kpm of AccGWM|DF is not increased by
the presence of the side chain of E343.

Whereas AAF-Amc binds to the S1 through S3 site, although at
very low affinity, binding of Suc-AAF-Amc is not detectable at all.
In contrast, Ac-CCK-8, which binds only to the S1, but also to the
S’ sites, has a Ky of approx. 240 uM with wild type TPPII (Fig. 3,
row G), which reflects the requirement of the S’ sites for the bind-
ing of endopeptidase substrates.

3.6. Exo- vs. endopeptidase activity

In exopeptidase activity, and much more so in endopeptidase
activity, the contribution of the V. decrease to the lowering of
K.at/Km exceeds that of the Ky increase. Thus, it is not primarily
the affinity of the substrate for the active site that determines

the selectivity, but rather the alignment of the substrate by the
double-Glu motif, which in turn determines the cleavage rate. This
is particularly apparent from the extremely low cleavage rates of
acylated substrates, which lack the alignment by both salt bridges.

A quantitative comparison of exo- and endopeptidase activity
for a certain substrate requires the cleavage register to be the same
for both cleavage modes. The partial cleavage of CCK-5 in the reg-
ister Ac-cGWM | DF permits such a comparison. For GWM |DF vs. Ac-
GWM | DF the SI of wild type TPPII is approx. 380,000. This value re-
flects the effects of both the lack of the salt bridge and the sterical
clash at E312. For the E312Q mutant the “sterical” SI for GWM |DF
vs. Ac-GWM |DF is only approx. 5. It follows that the discrimination
against endopeptidase activity is mainly attributable to the failure
of the substrate to form a salt bridge with E312 whereas the ster-
ical clash of the substrate at E312 plays a minor role.

To exclude that the effect on activity exerted by the salt bridges
between the double-Glu motif and the N-terminus of the substrate
is attributable to structural perturbations of TPPII, we deleted the
charge on the substrate as opposed to deleting it on the enzyme.
The endopeptidase substrate used for this purpose was Ac-WMDF,
which differs from GWMDF only in the lack of the N-terminal ami-
no group and which is cleaved in the fashion Ac-WM|DF. We ob-
served a decrease of Vigoum of approximately 107-fold upon
deletion of the N-terminal charge, which is attributable to the lack
of both salt bridges between enzyme and substrate.

4. Discussion

The kinetic data for exo- and endopeptidolytic cleavage pre-
sented above confirm the hypothesis that E312 is both the blocking
site determining the length of the molecular ruler and the principal
docking site binding the charged N-terminus of the substrate. In
contrast, E343 has an auxiliary function in coordinating exopepti-
dase substrates, but there is no evidence of a role in endopeptidase
activity.

The agreement of our data with the prediction confirms that the
topology of the double-Glu motif in the crystal structure of inactive
dimers matches the situation in the assembled, active complex.

Particular care had to be devoted to exclusion of structural per-
turbations as causes for the effects of the mutations on the kinetic
data. In general, the structure of the TPPII complex is very sensitive
even towards single point mutations [3], and in turn, the kinetic
parameters of TPPII depend on the integrity of the complex [13].
The partial dissociation and/or aggregation of two double-Glu mu-
tants E305Q and E331Q of murine TPPII [4] as well as the low sta-
bility of the E312Q/E343Q double mutant of Drosophila TPPII,
which was not used in this study, reflect the delicate embedment
of the double-Glu residues of TPPII in the overall structural context.

The pronounced length asymmetry of charge bridges formed by
the double-Glu motif in TPPII stands in contrast to the situation in
PTP and DPPIV, where the salt bridges determined from the respec-
tive X-ray structure [5,7] are similar to each other in length and
significantly longer than predicted for TPPIL. In accordance with
the shorter salt bridges, TPPII shows a much higher exopeptidase
selectivity than PTP (calculated from [6]), and DPPIV (calculated
from [17]), as revealed by a comparison of the SI values for dou-
ble-Glu mutations of the three peptidases (Table 1A). Selectivity
data obtained with N-terminally blocked substrate and wild type
enzyme is available for aminopeptidase N [18]. Again, TPPII has a
much higher selectivity (Table 1B).

An aspect masked out in studies using assay substrates carrying
a fluorophore in position P1’ is the contribution of the S'-sites to
the catalytic efficiency. We show here that in TPPII, substrate bind-
ing to these sites may significantly increase Kc,¢/Ky. This in turn re-
sults in lower selectivity for longer peptides, because the
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Table 1

Comparison of exopeptidase selectivity indices. The SI was determined (A) with wt vs.
double-Glu mutants and (B) with non-acylated vs. acylated substrates. NA, naphtyl-
amine; Ts, toluene sulfonate; aminopep. N, aminopeptidase N. The numbers for DPPIV
and PTP were calculated from Kc,/Ky values given in the respective references.

Peptidase (substrate) Mutation Kegr (WT)/Keg(Mut.)
A
DPPIV (GP-Ts, Ref. [17]) E205K 52
E206L
PTP (GAP-BNA, Ref. [6]) E205A n.d.
E636A 120
TPPII (AAF-Amc) E312Q 75,300
E343Q 1970
B
Peptidase Substrate Ker( NHa-pep)/Ked acyl-pep)
Aminopep. N (Ref. [18]) (NH,/Suc)-AAF-Amc 185
TPPII (NH,/Suc)-AAF-Amc ~ >107

CCK-5/Ac-CCK-5 382,000

extremely poor binding of endopeptidase substrates to the S1
through S3 sites is partially compensated by binding to the S’ sites.
However, the strong salt bridge formed by E312 still provides a
very high exopeptidase selectivity with CCK-5 and CCK-8
(Table 1B). In fact, the paramount importance of this salt bridge
for the catalytic efficiency suggests that the very strong discrimina-
tion against endopeptidase activity is a general property of TPPII.

A remarkable aspect of our mutational analysis - probably
reflecting TPPII's evolutionary descent from subtilisin - is the
observation that only the removal of the side chain of E312 turns
TPPII into an endopeptidase with K. /Ky of the order of
103 M~! sec™! with CCK-5 and CCK-8, rendering the endopeptido-
lytic efficiency similar to the exopeptidolytic efficiency of E312.
This drastic change can be effected by a single base exchange in
the nucleotide sequence. A point mutation affecting assembly
and abolishing activity was previously discovered with human
TPPII [19]. It should be considered, that endopeptidase activity
found with TPPII in vivo might result from a mutation such as
E312G.
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