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Abstract. Metallopeptidase family M49 is characterized by five conserved sequence regions and the
unique motif HEXXGH with two histidines - ligands of the active-site zinc ion. The crystal structure of
the yeast ortholog represents a prototype for the whole family.

To investigate the role of two invariant amino acid residues, a Glu™" of the zinc-binding motif, and
a Tyr'”’, 21A from the catalytic zinc center, mutational analysis of the yeast enzyme was performed.
The substitution of Glu*®' to glutamine decreased ke for the substrate hydrolysis almost by 10 000-
fold. The replacement of Tyr**’ by Phe or Ala reduced the catalytic efficiency (ke/Km) by two orders
of magnitude. The affinity for the heptapeptide valorphin was siginificantly lowered in all mutants, in-
dicating the contribution of both Glu**' and Tyr*®’ in substrate binding. Taken together, the effect of
mutating Glu*®' is consistent with this residue being essential in M49 peptidase catalysis. (doi:
10.5562/cca2107)
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INTRODUCTION

Hydrolysis of peptide bonds is essential for many biolo-
gical processes. Proteolytic enzymes (peptidases, prote-
ases) catalyze this reaction in vivo. Their physiological
importance is reflected by the fact that ~2 % of the
human genome encodes for peptidases.' One of the
four main peptidase classes are metallopeptidases,
which are mostly zinc-dependent peptide-bond hydro-
lases.” There are several classifications of
metallopeptidases, with the one provided by the
MEROPS database (http://merops.sanger.ac.uk) being
perhaps the most accepted.” This classification is based
on the catalytic type and amino acid sequence similarity
through which different families are recognized.
Metallopeptidase family M49 (also known as pep-
tidase family M49, and dipeptidyl peptidase III family)
is characterized by 5 conserved amino acid sequence
regions and the unique hexapeptide linear motif
HEXXGH which harbors two histidines - ligands of the
active-site zinc ion.* Members of this family participate
in intracellular peptide metabolism. The breakthrough in
the research of M49 peptidases was the elucidation of

the crystal structure of the yeast orthologue in 2008,
which revealed a two-domain protein with a new fold
and represented a prototype for this family of proteases.’
Since then, the investigation of the structure-function
relationship of these metallopeptidases accelerated.
Most of the work has been performed in the human
ortholog by using site-directed mutagenesis, X-ray crys-
tallography and computational approaches, often in
combination.®™®

Much of the effort was directed towards defining
the substrate binding site. Most recently, the first crystal
structure of human M49 peptidase (dipeptidyl peptidase
111, DPP III) in complex with the pentapeptide tynorphin
was reported.® This study discovered an exceptionally
large domain motion upon ligand binding and con-
firmed some previous site-directed mutagenesis data
which indicated the (functional) importance of con-
served amino acid residues from both protein domains
for the enzyme activity.”” Meantime, there are still a
number of unanswered questions regarding the catalytic
mechanism of metallopeptidases of M49 family. One of
them is the role of the evolutionary conserved glutamic
acid residue which is part of the HEXXGH motif
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(Glu®' in human and rat DPP III, Glu*' in yeast
ortholog). Previous mutational analysis of the rat DPP
11T showed that Glu®' is essential for catalysis and not
important for the zinc binding.'” Molecular dynamics
simulations of human DPP III indicated the interactions
of Glu®®' with substrate and inhibitor.® However, the
experimental evidence for that is missing, since the only
known crystal structure of the enzyme-ligand complex
was elucidated for the E451A inactive mutant of the
human ortholog.*

There is also controversy regarding the function of
the only conserved tyrosine residue in M49 peptidases
(at the sequence position 318 in human, and at position
327 in yeast peptidase). Mutational analysis of the hu-
man enzyme implied the importance of Tyr’'* in transi-
tion state stabilization, but not in the small ligand bind-
ing (hydroxamate inihibitor Tyr-Phe-NHOH), while the
X-ray crystallography pointed to the interaction of this
residue with the pentapeptide ligand tynorphin.*®

In order to investigate the role of these two invariant
amino acid residues of the M49 family peptidases, Glu*'
from the active-site motif HEXXGH, and Tyr*”’ from the
conserved region 1 of the yeast ortholog,*’ was replaced by
Gln, and Phe as well as Ala, respectively, by site-directed
mutagenesis, and the catalytic properties of generated
purified enzyme variants were examined.

EXPERIMENTAL

Cloning and Site-directed Mutagenesis

Yeast DPP III protein with a C-terminal hexa-histidine
affinity tag was obtained by PCR amplification of the
YOLO57W gene using genomic DNA isolated from
Saccharomyces cerevisiae (BY4741), and cloning into
pET21a vector into the Ndel/Xhol restriction sites as
reported previously by Jajéanin-Jozi¢ et al."'

Point mutations of the DPP III gene E461Q,
Y327A and Y327F were carried out with QuickChange
IT XL Site-Directed Mutagenesis kit (Stratagene, USA)
by using previously constructed vector (pET2la-
DPPIII6y;s) as a template, and primers listed in Table 1.
All primers were custom synthesized by Invitrogen
(USA) or by MWG Biotech AG (Ebersberg, Germany).
DNA sequences of cloned constructs, as well confir-
mation of each mutant were obtained with automated
sequence analyzer "ABI PRISM" 3100-Avant Genetic
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Analyzer" (Applied Biosystem, USA) and also by se-
quence analysis (MWG Biotech), using T7 forward and
T7 reverse primers, as well as the internal DPP III pri-
mers: 5’-CATCAACCACTTTGTCACTGG-3’ and 5’-
CGATATAAAACTTGGCGGATGC-3".

Heterologous Expression and Purification of
Recombinant Proteins

Wild-type Hisg-tagged DPP 111 as well as the three sin-
gle variants E461Q, Y327A and Y327F were expressed
in Escherichia coli, and purified employing affinity
chromatography on nickel-nitrilotriacetic acid resin (Ni-
NTA Agarose, Qiagen) as described earlier. "

Protein purity was confirmed by SDS-PAGE car-
ried out in T = 12.5 % polyacrylamide gel according
to method of Laemmli'> and enzymatic activity was
assayed using Arg,-2NA as substrate. All fractions
of high purity were pooled and desalted on PD-10 col-
umns (GE Healthcare) equilibrated with 20 mmol dm
Tris-HCI buffer, pH = 7.4. Purified protein preparations
were stored in 15 mmol dm* Tris-HCI buffer, pH = 7.4
containing 22 % glycerol at —10 °C.

Protein concentrations were determined using the
method of Bradford, with bovine serum albumin as a
standard" and/or by measuring the absorbance at 280
nm using the predicted extinction coefficients.

Enzyme Activity Assay and Kinetic Analysis

The enzymatic activity of yeast wild-type and mutant
DPP III were determined spectrophotometrically by a
standard assay at 37 °C with Arg,-2NA as a substrate as
described earlier.'" Kinetic parameters for hydrolysis of
Arg,-2NA were determined fluorometrically at 25 °C at
pH = 8.0 in the presence of 100 pmol dm™ solution of
CoCl, by initial rate measurements. The kinetic parame-
ters were calculated using a Hanes plot."'

Affinities of wild-type and mutant DPP III for
peptide valorphin (K; values) were determined according
to Chu and Orlowski.'"* Hydrolysis of 15 wmol dm
Argy-2NA in 20 mmol dm® Tris-HCI buffer, pH = 8.0
in the presence and absence of different concentrations
of peptide was followed fluorimetrically at 25 °C. K;
was calculated using the reaction rate at peptide concen-
tration which caused inhibition close to 50 %, by the
equation K;=[1]/(vo/vi—1) X K/ (K +[S]).

Table 1. Primers used for site-directed mutagenesis of yeast M49 peptidase DNA

Mutant Nucleotide sequence (5'-3") Primer I Nucleotide sequence (5'-3") Primer II
Y327A cggttttatcgaaacagctagagaacccteggge geecgagggttetctagetgtttcgataaaaceg
Y327F cggttttatcgaaacatttagagaacccteggge gececgagggttetctaaatgtttcgataaaaccg
E461Q ccaagtaggcatccatcaattattaggacatggttcagg cctgaaccatgtcctaataattgatggatgcctacttgg

Codons for the mutated residues are bolded.
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Circular Dichroism Analysis

The far-UV CD spectra were recorded on a JASCO
J-815 spectropolarimeter at 25 °C from 190-250 nm,
using a quartz cuvette of 0.1 mm path length as de-
scribed earlier."'

The protein concentration used for CD measure-
ments was 0.4 mg ml™.

RESULTS AND DISCUSSION

Expression, Purification and Kinetic Characterization
of Yeast M49 Peptidase and Its Mutants

Recombinant yeast Saccharomyces cerevisiae metallo-
peptidase, wild-type and variants, was purifed by metal af-
finity chromatography as His-tagged proteins (Figure 1).
Previously, we investigated the influence of Hiss-tag at
the C-terminus of the yeast M49 peptidase on the wild-
type enzyme activity and did not find any significant
change in kinetic parameters.''

Replacement of Glutamate 461 to Glutamine
The exchange of Glu*®' to glutamine resulted in a dra-
matic reduction (9200-fold) in the k., for the hydrolysis

of the preferred synthetic substrate Arg-Arg-2-
naphthylamide (Arg,-2NA) and 2.8-fold increase in K,
value (Table 2).

The effect of the mutation on the protein structure
was examined by circular dichroism (CD) analysis. The
CD spectra of the wild-type and the E461Q variant were
nearly identical, indicating that no change in secondary
structure is caused by the Glu*' to glutamine substitu-
tion (Figure 2).
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kDa 3
94
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Figure 1. SDS-PAGE (12.5 % gel) analysis of the purification
progess of yeast M49 peptidase-Hisg protein (E461Q mutant)
by affinity chromatography on Ni-NTA agarose column.
M - protein molecular mass standards; 1 — pellet; 2 - E.coli
cleared cell lysate containing recombinant M49 peptidase
protein; 3-4 — flow-through Ni-NTA column; 5-7 — Ni-NTA
column wash steps with 20 mmol dm™ imidazole; 8-9 — yeast
M49 peptidase-Hisg protein (E461Q mutant) eluted with 150
mmol dm™ imidazole. Proteins were visualized by Coomassie
Blue staining.
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Table 2. Kinetic characterization (means + S.E. for three
separate determinations) of wild-type yeast M49 peptidase and
its mutants

Enzyme Arg-Arg-2NA hydrolysis
form K, / pmol dm™ koo / min™!
Wild-type 15.18 £3.03 14.916 +£3.36
E461Q 42.13 +£4.05 0.00162 = 4.14x 107
Y327A 33.54+225 0.072 £0.012
Y327F 19.23 £0.11 0.108 + 0.004

The kinetic parameters K, and k., were determined from the
initial reaction rates at 25 °C and pH = 8.0 with the Arg-Arg-
2NA, in the presence of 100 pmol dm™ solution of CoCl,,
using a Hanes plot.

Fukasawa e al. replaced Glu®', which is a structur-
al equivalent of yeast M49 peptidase Glu*', with an
alanine or an aspartic acid residue in the rat DPP III (M49
peptidase).'® These authors reported that the zinc content
was unchanged in their variants (E451A and E451D),
compared to wild-type, however, enzyme activity was not
detectable, and hence kinetic parameters were not deter-
mined. Our present kinetic analysis of the yeast E461Q
variant is thus the first quantitative study of this replace-
ment in the M49 family.

Metallopeptidases represent the most diverse of
the catalytic types of peptidases, with more than 60
families (MEROPS). The majority of metallopeptidase
families comprise enzymes containing the pentapeptide
motif HEXXH at their active sites in which the two His
are zinc ligands and the Glu has catalytic function (Ta-
ble 3). In the M49 family, the distance between the zinc-
ligating histidines is extended by one residue, and pep-
tidases of family M16 contain the HXXEH motif, an
inversion of the more usual active-sitt HEXXH motif
(Table 3).
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Figure 2. Circular dichroism spectra of wild-type yeast pepti-
dase M49 and E461Q mutant.
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Table 3. Alignment of the zinc binding motifs of different zinc
metallopeptidases. APA: aminopeptidase A (EC 3.4.11.7),
APN: aminopeptidase N (EC 3.4.11.2), PSA: puromycin-
sensitive aminopeptidase (EC 3.4.11.14), LTA4H: leukotriene
A4 hydrolase (EC 3.3.2.6), TLN: thermolysin (EC 3.4.24.27),
NEP: neprilysin (EC 3.4.24.11), DPP III: dipeptidyl peptidase
II (3.4.14.4), IDE: insulysin, insulin-degrading enzyme (EC
3.4.24.56). Bold black letters represent zinc-ligating histidines;
glutamic acid residue involved in catalysis is underlined in red.

Enzyme (family) Zinc binding motif
APA (M1) VAHELVHQW
APN (M1) IAHELAHQW
PSA (M) VGHELAHQW

LTA4H (M1) TAHEISHSW
TLN (M4) VAHELTHAV
NEP M13) IGHEITHGF

DPP 111 (M49) GIHELLGHGS
IDE M16) LSHFCEHML

The importance of the glutamic acid residue in the
active-site motif harboring two histidines has been in-
vestigated and confirmed by the site-directed mutagene-
sis in a number of zinc-dependent exo-and
endopeptidases. In most cases, the effect replacing Glu
in the active site were not quantified. In some cases, the
same amount of recombinant wild-type enzyme and
variant was used in the assay to compare their activi-
ties,"” while actually a much higher concentration of the
variant is required to measure residual enzyme activity.
Thompson et al. have exchanged the active-site gluta-
mate (Glu) of the puromycin-sensitive amino-
peptidase, a member of family M1, to glutamine, ala-
nine and valine, and succeeded to characterize the vari-
ants kinetically, with amino acid B-naphthylamides as
substrates.'® The E309Q variant showed 5700-fold to
16,000-fold reduction in the k., values, which is compa-
rable with the effect of replacing Glu*' to glutamine in
yeast M49 peptidase (9200-fold reduction in the A, for
Arg-Arg-B-naphthylamide substrate). However, these
authl(zrs did not observe significant change in K, val-
ues.

Replacement of Tyrosine 327 to Phenylalanine and
Alanine

The replacement of Tyr3 27 decreased the kg, of the yeast
M49 peptidase for the hydrolysis of Arg,-2NA by two
orders of magnitude (207-fold in Y327A, 138-fold in
Y327F) relative to that of the wild-type enzyme (Table
2). The K, value increased 2-fold in Y327A, and no
significant change in K, was observed when Tyr’*’ was
substituted by Phe. A very similar result was obtained
previously for the human counterpart: Y318F variant
showed a 100-fold lower k., value compared to wild-
type, and no change in K, value.’ Interestingly, the
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Y318A variant of the human enzyme could not be ex-
pressed in E. coli, whereas the yeast Y327A variant was
readily available. The reduction of catalytic efficiency
(keat/ Kin) Was stronger when Tyr327 was replaced by Ala
(460-fold versus 175-fold). The increase of K, ob-
served with Y327A, indicated the importance of Tyr’*’
for ligand binding.

The function of a conserved tyrosine outside the
zinc-binding motif was investigated in metallopeptidases
of several other families. It was found to be essential for
catalytic activity of aminopeptidase A and leukotriene A4
hydrolase,'”'® both members of family M1, of neurolysin
and thimet oligopeptidase (family M3)." Furthermore,
Tyr at position 157 is proposed to stabilize the transition
state in thermolysin (family M4) as deduced from
the crystallographic structures of enzyme-inhibitor com-
plexes.”

Affinity for Valorphin

Heptapeptide valorphin, H-Val-Val-Tyr-Pro-Trp-Thr-
GIn-OH, is a naturally occurring, endogenous opioide
peptide of the hemorphin family. Hemorphins are de-
rived from the B-globin chain of hemoglobin.”!
Valorphin is among the peptides for which human
metallopeptidase M49 (dipeptidyl peptidase III, DPP
IIT) showed the highest affinity (K; ~ 50 nmol dm*).*
At the same time, valorphin was a very poor substrate of
the human enzyme.

To investigate further the potential role of Tyr’?’
and Glu*' in ligand binding, the affinity of the yeast
wild-type and enzyme variants for this heptapeptide was
determined by measuring the hydrolysis of Arg,-2NA
and treating valorphin as alternate substrate inhibitor."*
The determined K; value of the yeast wild-type enzyme
was 6.8-fold higher than that of its human counterpart.”
The affinity of the E461Q mutant was decreased 25-
fold, and of the Y327A and Y327F, 17-fold and 15-fold,
respectively compared to wild-type (Table 4), indicating
the involvement of both Glu**' and Tyr’*”’ in peptide
binding to yeast DPP III.

In contrast to Glu*"', which is 3.9 A apart from the
catalytic zinc ion, Tyr’>’ is not situated in the vicinity of
the catalytic site in ligand-free yeast peptidase M49 (the
distance to Zn*" is 21.4 A) (Figure 3). Recently, the

Table 4. Affinity of wild-type yeast M49 peptidase and its
mutants for valorphin

Enzyme form K;/ pmol dm™
Wild-type 0.34 £0.03
E461Q 8.36+1.52
Y327A 5.85+£0.21
Y327F 5.10+0.27

K; values were determined with Arg-Arg-2NA as substrate at
pH = 8.0, according to Chu and Orlowski."*
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Figure 3. Detail of the ligand-free yeast peptidase M49 crystal
structure showing the catalytic zinc ion (blue sphere),

conserved Glu*" and Tyr*?’.

Figure 4. Crystal structures of the yeast M49 peptidase (PDB
code: 3csk), grey; thermolysin (PDB: 1 tmn), yellow, and
neprilysin (PDB code: 1 dmt), pink (a). Superposition of the
zinc—coordinating residues of DPP III, thermolysin (PDB
code: 1 tmn) and neprilysin (PDB: 1 dmt) (b).

crystallographic structure of the human M49 peptidase-
ligand complex revealed that binding of the pentapep-
tide tynorphin (Val-Val-Tyr-Pro-Trp) induces a large
domain motion in human enzyme.® The conserved
Tyr’®, being 21.3 A apart from the zinc-ligating His*°
residue in the free enzyme, thereby approaches to the
distance of 6.5 A, and contributes in ligand binding.
Since the yeast and human peptidase M49 share the
same protein fold, and are highly similar in the active-
site region, we suppose that the same domain motion
occurs in the yeast enzyme, which rationalizes the func-
tional importance of Tyr’>’.

The contribution of the glutamic acid residue of
the active-site motif HEXXGH to the ligand binding of
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human and yeast M49 peptidase was indicated by our
recent MD simulations.*’ Our present study, revealing
much weaker binding of valorphin to the mutant
E461Q compared to the wild-type yeast enzyme, rep-
resents the first experimental evidence for the role of
this Glu in substrate binding, since the only crystal
structure of the enzyme-ligand complex was obtained
with the E451A variant.

Due to the dramatic decrease (9200-fold) observed
in E461Q ke, Glu*®! is a residue essential for catalytic
activity of yeast M49 peptidase. It is located only 3.9 A
apart of the active-site zinc ion and hydrogen-bonded to
the water molecule that is the fourth ligand of zinc in
the crystal structure of the yeast enzyme.’ Structurally
equivalent to Glu*®', glutamic acid residue is present in
the active sites of two zinc endopeptidases, Glu'® in
bacterial enzyme thermolysin, and Glu™ in mammalian
peptidase neprilysin.” For thermolysin, it has been shown
that Glu'* acts as a general base in the deprotonation of
the water molecule that attacks the scissile peptide
bond.” A similar activating role has been ascribed to
Glu™ in neprilysin. Although structurally unrelated (Fig-
ure 4a), these three zinc peptidases have a very similar
zinc coordination geometry through two histidines and
one glutamic acid residue (His*, His*® and Glu®" in the
yeast M49 peptidase) (Figure 4b).

CONCLUSION

The role of the two absolutely conserved amino acid
residues in the M49 family of proteases was investigated
by mutational analysis of the yeast Saccharomyces cere-
visiae ortholog. Glu*®', situated in the upper protein
domain, in the active-site motif HEXXGH, 3.9 A from the
catalytic zinc ion, and Tyr”’, located 21.4 A from the
catalytic center, in the lower protein domain.

The dramatic reduction of the substrate hydroylsis
rate (9200-fold decreased k., for Arg,-2NA) was ob-
served for the single mutant where Glu*' has been re-
placed by a glutamine suggesting that this glutamic acid
residue is essential for enzyme catalysis.

The substitution of Tyr’*’ by Ala or Phe decreased
the k., of the yeast M49 peptidase by 2 orders of magni-
tude. The reduction of catalytic efficiency (k../Kn) was
stronger when Tyr’”’ was replaced by Ala (460-fold vs.
175-fold).

Affinity of the wild-type and enzyme variants was
determined for valorphin, a naturally occurring endoge-
nous opioid peptide (Val-Val-Tyr-Pro-Trp-Thr-Gln) by
treating it as alternate substrate inhibitor. The affinity of
the E461Q mutant for valorphin was decreased 25-fold,
and of the Y327A and Y327F, 17-fold and 15-fold,
respectively compared to the wild-type (K; = 0.34 pumol
dm™), indicating the involvement of both Glu*' and
Tyr’”’ in peptide binding to the yeast M49 peptidase.

Croat. Chem. Acta 85 (2012) 535.



540

Acknowledgements.

The authors acknowledge financial

support from the Ministry of Science, Education and Sport of
the Republic of Croatia (Project 098-1191344-2938 to M.A.)
and by a bilateral cooperation grant provided by the OAD-
WTZ program (HR 09/2012).

REFERENCES

1. X.S. Puente, L. M. Sanchez, C. M. Overall, and C. Lopez-Otin,
Nat. Rev. Genet. 4 (2003) 544-558.

2. F. X. Gomis-Riith, T. O. Botelho, and W. Bode, Biochim.
Biophys. Acta 1824 (2012) 157-163.

3. N. D. Rawlings, A. J. Barrett, and A. Bateman, Nucleic Acids
Res. 40 (2012) D343-D350.

4. M. Abramié, J. Spoljari¢, and S. Simaga, Period. biol. 106
(2004) 161-168.

5. P. K. Baral, N. Jaj¢anin-Jozi¢, S. Deller, P. Macheroux, M.
Abrami¢, and K. Gruber, J. Biol. Chem. 283 (2008) 22316—
22324.

6. A. Tomi¢, M. Abrami¢, J. §poljarié, D. Agi¢, D. M. Smith, and
S. Tomié, J. Mol. Recognit. 24 (2011) 804-814.

7. 1. Spoljari¢, A. Tomi¢, B. Vukeli¢, B. Salopek-Sondi, D. Agic, S.
Tomi¢, and M. Abrami¢, Croat. Chem. Acta 84 (2011) 259-268.

8. G. A. Bezerra, E. Dobrovetsky, R. Viertlmayr, A. Dong, A.
Binter, M. Abrami¢, P. Macheroux, S. Dhe-Paganon, and K.
Gruber, Proc. Natl. Acad. Sci. U.S.A. 109 (2012) 6525-6530.

9. B. Salopek-Sondi, B. Vukeli¢, J. Spoljari¢, S. Simaga, D.

Vujaklija, J. Makarevi¢, N. Jajéanin, and M. Abramié, Biol.

Croat. Chem. Acta 85 (2012) 535.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

N. Jaj¢anin-Jozi¢ et al., Catalytic Residues in Yeast Peptidase M49

Chem. 389 (2008) 163-167.

K. Fukasawa, K. M. Fukasawa, H. Iwamoto, J. Hirose, and M.
Harada, Biochemistry 38 (1999) 8299—8303.

N. JajCanin-Jozi¢, S. Deller, T. Pavkov, P. Macheroux, and M.
Abramié, Biochimie 92 (2010) 89-96.

U. K. Laemmli, Nature 227 (1970) 680-685.

M. M. Bradford, Anal. Biochem. 72 (1976) 248-254.

T. G. Chu and M. Orlowski, Endocrinology 116 (1985) 1418—
1425.

G. Vazeux, J. Wang, P. Corvol, and C. Llorens-Cortes, J. Biol.
Chem. 271 (1996) 9069-9074.

M. W. Thompson, M. Govindaswami, and L. B. Hersh, Arch.
Biochem. Biophys. 413 (2003) 236-242.

G. Vazeux, X. Iturrioz, P. Corvol and C. Llorens-Cortés,
Biochem. J. 327 (1997) 883—-889.

M. W. Thompson, E. D. Archer, C. E. Romer, and R. L. Seipelt,
Peptides 27 (2006) 1701-1709.

V. Oliveira, M. C. Aragjo, V. Rioli, A. C. de Camargo, I. L.
Tersariol, M. A. Juliano, L. Juliano, and E. S. Ferro, FEBS Lett.
541 (2003) 89-92.

C. Marie-Claire, E. Ruffet, G. Tiraboschi, and M.-C. Fournié-
Zaluski, FEBS Lett. 438 (1998) 215-219.

E. Y. Blishchenko, O. V. Sazonova, O. A. Kalinina, O. N.
Yatskin, M. M. Philippova, A. Y. Surovoy, A. A. Karelin, and V.
T. Ivanov, Peptides 23 (2002) 903-910.

M. BarSun, N. Jajcanin, B. Vukeli¢, J. époljaric’, and M.
Abrami¢, Biol. Chem. 388 (2007) 343-348.

B. van den Burg and V. Eijsink, Handbook of Proteolytic
Enzymes, (second edition) Vol. 1, Elsevier, Academic Press,
London, 2004, pp. 374-387.


http://dx.doi.org/10.1038/nrg1111�
http://dx.doi.org/10.1016/j.bbapap.2011.04.014�
http://dx.doi.org/10.1016/j.bbapap.2011.04.014�
http://dx.doi.org/10.1093/nar/gkr987�
http://dx.doi.org/10.1093/nar/gkr987�
http://dx.doi.org/10.1074/jbc.M803522200�
http://dx.doi.org/10.1002/jmr.1115�
http://dx.doi.org/10.5562/cca1808�
http://dx.doi.org/10.1073/pnas.1118005109�
http://dx.doi.org/10.1515/BC.2008.021�
http://dx.doi.org/10.1515/BC.2008.021�
http://dx.doi.org/10.1021/bi9904959�
http://dx.doi.org/10.1016/j.biochi.2009.09.014�
http://dx.doi.org/10.1038/227680a0�
http://dx.doi.org/10.1016/0003-2697(76)90527-3�
http://dx.doi.org/10.1210/endo-116-4-1418�
http://dx.doi.org/10.1074/jbc.271.15.9069�
http://dx.doi.org/10.1074/jbc.271.15.9069�
http://dx.doi.org/10.1016/S0003-9861(03)00123-1�
http://dx.doi.org/10.1016/S0003-9861(03)00123-1�
http://dx.doi.org/10.1016/j.peptides.2006.02.006�
http://dx.doi.org/10.1016/S0014-5793(03)00310-7�
http://dx.doi.org/10.1016/S0014-5793(98)01267-8�
http://dx.doi.org/10.1016/S0196-9781(02)00017-7�
http://dx.doi.org/10.1515/BC.2007.039�

	535-535_OSA_cca2107_LINKS.pdf
	Croat. Chem. Acta 85 (4) (2012) 535–540. http://dx.doi.org/10.5562/cca2107
	RECEIVED JUNE 14, 2012; ACCEPTED NOVEMBER 28, 2012
	Replacement of Glutamate 461 to Glutamine
	Replacement of Tyrosine 327 to Phenylalanine and Alanine
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


