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Abstract—Characterization and evaluation of the activity of Vespa
basalis DPP-1V, which expressed in Spodoptera frugiperda 21 cells.
The expression of rDPP-IV was confirmed by SDS-PAGE, Western
blot analyses, LC-MS/IMS and measurement of its peptidase
specificity. One-step purification by Ni-NTA affinity chromatography
and the total amount of rDPP-1V recovered was approximately 6.4mg
per liter from infected culture medium; an equivalent amount would be
produced by 1x10° infected Sf21 insect cells. Through the affinity
purification led to highly stable rDPP-IV enzyme was recovered and
with significant peptidase activity. The rDPP-1V exhibited classical
Michaelis-Menten kinetics, with kcat/K,, in the range of 10-500
mM$? for the five synthetic substrates and optimum substrate is
Ala-Pro-pNA. As expected in inhibition assay, the enzymatic activity
of rDPP-1V was significantly reduced by 80 or 60% in the presence of
sitagliptin (aDPP-1V inhibitor) or PM SF (a serine protease inhibitor),
but was not apparently affected by iodoacetamide (a cysteine protease
inhibitor).
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|. INTRODUCTION

IPEPTIDYL-PEPTIDASE IV (DPP-1V) is a glycosylated

serine protease that selectively removes dipeptides from
the N-terminus of peptides or proteins, which preferentially
cleaves at their N-terminal and liberates either X-Pro or X-Ala
dipeptide[1]. Asweknownthat DPP-1V playsanimportant role
for the processing of precursors of bioactive peptides and
proteins in various tissues [2]. As reports, human DPP-IV
modulates the maturation processing of functional peptide, such
as hormones, chemokines and neuropeptides [3]. DPP-IVs
except were found in animal tissue, were found in bacteria,
Xenopuslaevis, Drosophila melanogaster, Vespula vulgaris (V.
vulgaris) and Vespa basalis (V. basalis) etc. [4-8]. Among these
DPP-1Vs, a DPP-1V was cloned from the venom gland of V.
basalis in our previoudy study [8]. Noteworthy, V. basalis
DPP-1V has not been fully elucidated and characterized in the
present. By contrast, V. wulgaris DPP-IV has been clearly
demonstrated that it modulates the maturation processing of
melittin, which is a principal active component of bee venom
(apitoxin) and isapowerful stimulator of phospholipase A2 [7].
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TheV. basalisDPP-1V cDNA fragment (GenBank Accession
No. DQ661743) which comprises 2905 nuclectides, including a
5 untrandated region of 116 nucleotides, an open reading
frame of 2328 nucleotides, and a3’ untranslated region of 461
nucleotides [8].

The deduced amino acid sequence showed that the molecular
weight is 89-kDa within the coding region. V. basalis DPP-1V
contains nine potential N-glycosylation sites mainly present in
the B-propeller domain of the molecule. Although, the
previously report demonstrate that N-linked glycosylation of
DPP-1V does not contribute significantly to its peptidase
activity [9], but it has been generally accepted that glycosylation
of DPP-1V is a prerequisite for enzyme activity and correct
protein folding [10]. To provide the purpose of this study for
characterization and evauation of V. basalis DPP-1V, we
intended to employ the baculovirus expression vector system
(BEVS), a powerful eukaryotic expression system, to express
and purify active V. basalis DPP-1V in Spodoptera frugiperda
cells.

[1.MATERIALS AND METHODS

A.Insect cells

The insect cell line used in this study was Sf21 (Invitrogen,
USA), which was originally isolated from the ovarian tissue of
Spodoptera frugiperda (fall armyworm). The cells were
routinely cultured at 26 °C in TNM-FH basal medium (Sigma,
USA) and supplemented with 10% fetal bovine serum (FBS,
Hyclone). The Sf21 cells were passaged 2 times weekly, and
fresh media was provided every 2 days.

B. Generation of recombinant baculovirus

The recombinant baculovirus vAcP,DPPIV was generated
from the plasmid pAcP;DPPIV containing the DPPIV gene
(accession No. DQ661743) fused with an additional 6Histag at
the carboxyl terminus. The DPPIV gene was amplified by using
the primers: 5 CGGGATCCATGGTTCCACTACGAAGT
TTCgTA3 (BamHI site underlined) and 5 ACGAATTCT
CAGTGGTGGTGGTGGTGGTGAGCGTGAGACAGATTG
AA3 (EcoRI site underlined). Plasmid pAcP,,DPPIV was
constructed from the transfer vector pAcUW21 (PharMingen,
San Diego, CA), in which the DPPIV gene was introduced into
Bglll and EcoRl restriction sites, and thus directed by the Py
promoter. Theresulting plasmid, pAcP;,DPPIV, was confirmed
by PCR and automated sequencing. The recombinant
baculovirus vAcP;,DPPIV was generated from Sf21 insect cells
by co-transfection with plasmid pAcPpDPPIV DNA and
linearized AcRP23.LacZ DNA (PharMingen), as suggested by
the manufacturers. A single recombinant baculovirus was
selected after three rounds of plaque assay. The recombinant
baculoviruswas propagated in Sf21 cells, and plaque titration of
the virus was determined according to the standard protocol
described by O'Relilly et a. [11]. A titer of virus stock was
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2.32x10 plaque-forming units (pfu) per ml for the recombiina
baculoviruse VACRDPPIV.

C.Expression of rDPP-1V in the S-21cells

The cells were infected with the recombinant badulises
VACP;iDPPIV at multiplicities of infection (m.o.i) of 1far 72
h. The infected cells were harvested and homogénizéysis
buffer containing 500 mM NacCl, 20 mM Tris-HCI pHO81%
NP-40, and a protease inhibitor cocktail (SigmaA)Shen

and analyzed by one-way ANOVA using JMP 5.01 (JMP,
business unit of SAS, 1989-2002, by SAS InstitGiary, CA).

F.MALDI-MS of rDPP-IV

The expected protein band of rDPP-IV resolved in
SDS-PAGE was manually excised from the gel andrgfanto
pieces. The gel pieces were washed twice with 5@8toaitrile
and 10 mM NHHCO; for 15 min. The protein in the gel was
then reduced and alkylated at %6 for 15 min in 10 mM

sonicated with a 3 mm-diameter probe in an ultreesondithiothreitol and 10 mM ammonium bicarbonate, daled by
processor GE 601 for 8 30 s. The culture supernatant wasvernight in-gel digestion at 3T with 0.1ug of TPCK-treated

clarified by centrifugation at 10,000g for 15 min at £C and
was then filtered with a 0.22-mm filter membrananfple
identity was analyzed by SDS-PAGE and Western Witi
anti-His antibodies, as described below.

D.SDSPAGE and Western blot analyses

The soluble protein was quantified using a proteisay kit
(Bio-Rad Lab., Hercules, CA) with bovine serum aifto
(BSA) as a standard. Samples were prepared by gnibd&mul
aliquots with an equal volume of 2 sample buffer, and all
samples were boiled for 5 min and stored &CAprior to
electrophoresis. SDS-PAGE was conducted in

modified porcine trypsin (Promega, Madison, WI)1i& mM
ammonium bicarbonate. The supernatant containing th
resulting tryptic peptide was combined with thoseracted
twice from the gel pieces by 50% acetonitrile / i?¥émic acid
and subjected to LC/MS-MS (UltiMate 3000, Brukeiltbaics,
Dionex, MA, USA) at the Biotechnology Center at i
Medical University, Taiwan.

G.Determination of the activity of rDPP-1V

The activity of rDPP-IV was measured by cleavagehef
Gly-Pro-pnitroanilide substrate in phosphate beffesaline (20

1599M Tris, 20mM KCI, 0.1mg/ml BSA and 1% (w/v) DMSQH

polyacrylamide gel and visualized by staining withomassie 7.4). The final concentration of the Gly-Pro-pnénilide was
brilliant blue G250. For western blot analysis, tpios resolved 0.3 mM. One unit of rDPP-IV activity was defined tse
in SDS-PAGE were transferred to a PVDF membrangmount of enzyme that liberates 1 umol pNA per atiB7 °C.
(PerkinElmer, Wellesley, USA) in a Bio-Rad TransBdystem For detect the rDPPIV expression levels at diffenamo.i.
according to the manufacturer's instructions. Themirane Vvalues, the substrate solution was mixed withuBphosphate
was subjected to immunodetection using a polyclonailise buffered saline, and then incubated withuf@ells supernatant
anti-His 1gG (GE Healthcare, NY, USA) (1:500) andag fraction from vAcR,DPPIV-infected Sf21 cells for 30 min at
anti-mouse IgG-horseradish peroxidase (Jacksd@v° C. About the inhibition assay was performedweitknown
ImmunoResearch Lab., PA, USA) (1:1000) as primamg a protease inhibitor, lodoacetamideand PMSF. The rDPP
secondary antibodies, respectively. The immunoddott activity was measured via a standard kinetic asssing the
proteins were visualized using an enhanced cheritiksnence chromogenic substrate Ala-Pro-p-nitroanilide digedl in

ECL western blotting luminal reagent (PerkinEImafellesley,
USA) and quantified wusing a Fujifilm
chemiluminescence detection system (Tokyo, Japan).

E. Purification of rDPPIV

6His-tagged rDPP-IV was purified using a Ni-NTAiaify
column under native conditions. All purificationeps were

phosphate buffered saline, pH 7.4. Data are exptdess

LAS-3000 relative concentrations obtained from ELISA readingder

405 nm with reference to an internal control. Al assays were
done in triplicate following the method reportedeyipusly
[12].

H.Satistical analysis

carried out at £C. Infected Sf21 cell culture supernatant and All statistical analyses were performed and evauaby

infected larvae extracts containing rDPP-IV weralydied by
native binding buffer (50 mM NaPO4, 0.5 M NacCl, 8:0).
The dialyzed supernatant was combined with 5 mb@¥%
Ni-NTA slurry (Novagen, Darmstadt, Germany) in bigl
buffer and incubated with agitation overnight. Tdterry was
poured into a His-bind quick column and drainede Eblumn
was then washed with 10 volumes of lysis buffer @vblumes
of wash buffer (500 mM NaCl, 20 mM Tris-HCI, and 6M
imidazole, pH 7.9) and eluted with native elutionffer
(binding buffer plus 250 mM imidazole). Purified ngales
containing rDPP-IV were verified by SDS-PAGE, anestern
blot analyses. The purified rDPP-IV sample froneaiéd cell
culture supernatant was quantitatively analyzesdayining and
digitizing the immunoblotting membrane using
Alpha-lmager image-analyzing system (Alpha InnoteShn
Leandro, CA) and the computer program Alphalm&3{2200
version 5.5. One microgram of purified rDPP-IV pmiot was
used as a reference for calculation. Data wereeceitl from
triplicate experiments, and the resulting valuesensveraged

one-way ANOVA using JMP 5.01 software (JMP, 198820
by SAS Institute, Cary, CA, USA) whileRavalue of <0.05 was
considered to be statistically significant.

Ill. RESULTS

A. Amino acid sequence analysis of V. basalis DPP-I1V

We have cloned and sequenced the putative DPPoh it
basalis venom gland cDNA library [8].Analysis of the
sequence revealed a complete open reading frank328
nucleotides, which encodes a protein of 775 amandsaWhile
the V. basalis DPP-IV sequence was compared with other
known DPP-IV amino acid sequences that the idestitd
Senotrophomonas maltophilia (23.1%), Aedes aegypti

ar(37.9%), mouse (31.9%), cow and human (32.5%). Amon

these other DPP-IV sequencé, basalis DPP-IV compared
with Apis mellifera (A. mellifera) and Vespula vulgaris (V.
vulgaris) DPP-IVs that show significant amino acid sequence
identity of 54.4 and 85.8%, respectively (Fig.By.contrasty.
basalis DPP-IV is more similar t&/. vulgaris DPP-IV than to
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other DPP-1V enzymes. Although the overall homoltayel is  rDPP-1V-6His) was found in the vAgfDPPIV-infected culture
low with other DPP-IVs, the C-terminal part invaigi the supernatants on a Coomassie blue stained gel astekidlot
active residues (Ser, Asp, and His) is well consgrin V. analysis, while no protein band was detected inutiafected
basalis DPP-IV. From the multiple sequence alignments ofulture supernatants and wild type VACMNPV-infectedture
DPP-IV of the confirmed active site residues withttof theV.  supernatants. In contrast, only a few amount of EHeP-1V was
basalis DPP-1V, it is apparent that Ser-637, Asp-716, andetected in the VAGRDPPIV-infected Sf21 cells pellet (data
His-756 represent the catalytic triad in this pimte not shown). The results indicated that the matdoech of
Furthermore, comparison with the three-dimensiatalcture rDPP-IV was mostly secreted into the culture medianthe

reveal that theV. basalis DPP-IV is homologous to human vAcP;;DPPIV-infected Sf21 cells. The rDPP-IV expression
DPP-IV (Fig. 2) whose three-dimensional structues lbeen level was monitored by measuring the specific

determined by X-ray crystallography [13,14]. dipeptidyl-peptidase activity. Expression was ojzed by
webpla 210 variation of the virus titer and time for infectiothe highest
(R specific activity was determined at an m.o.i. 18 eas attained

P vlgris 2559 72 h post-infection (Fig. 5), while uninfected cu

‘ supernatants do not show the dipeptidyl-peptidateity.
‘ {7 = i P10 promoter  Plyhedrin promoter

Culex quinquefasciatus (38 0%)
A I\
bisz museulus (31 9%) DPP-IV gene ﬁ I )_

Sus mrafs (33.6%) l’ol‘\llluhm*z({¢
— Bos Lau %) WY PLESFIVYLLN L7 ?YLLAAKRTYYTRY IBDXDNLDGILETDQ
— L e L T W T L T
. 3 - . E AN TR T P DOV T B TR ARG PSP DG S ALATASEDD K
Fig. 1 Dendrogram showing the relatednesS.méltophilia, S. amazonensis, SRR AR AR MR AR AR AR SRR
A. mellifera, A.aegypti, Sus scrofa, Bos Taurus, human, andus musculus IR A I O o
DPPIVs, and/espula vulgaristo Vespa basalis DPP-IV. The amino acid e T T T TR e
sequences of each protein were aligned using @\sihe dendrogram was TR MO R B SO0 o L A
. . . LIYRANGTESEYKLILPENFIDESKSTPNLYNYTAGIRTAK
constructed by the neighbor joining method. Clustgecomputations were g T e T e T R S P T
carried out using theector NTI Advance™ 9.0 life science software g i e e g e

(InvitrogerirM,USA) :71iznil.vuynurn.vsllv!f)lulxrlx)::l‘;l::;:

T O LA LA AL EEAD AN E QT T T T D EAT AL

V. basalis DPP-TV
Fig. 3 Schematic presentation of the constructicth® baculovirus transfer

vectors pAcDPPIV. The sequence bf basalis and its deduced protein with
the 6His-tag are shown in the lower panel. Locatibactive site residues
(Ser-637, Asp-716, and His-756) are indicated bysst

kDa)1 2 3 4

170 =
130 b
95 L e
i i 9 , ii
55 s - —
170 o
Fig. 2V. basalis DPP-IV and human DPP-IV in three-dimensional sttt 130
comparison. The three-dimensional structur¥.dfasalis DPP-IV was -
modeling by SWISS MODEL Workspace. Backbone sterauis _ -
conformation with active site was indicated by #temistic picture (left) and 72
ribbon conformation (right) of DPP-IV 3D structure
55

B. Expression of rDPP-1Vin $21 cells
For characterization o¥. basalis DPP-1V, we intended to
; i MBE Fig. 4 Detection of secreted form of rDPP-IV praotei Sf21 culture
employ the .bg(/:ul;)a\glu.s g)g)lgels\flpn Vefjtor syStfem. C}O supernatant. Culture supernatant fractions weteatet from Sf21 cultures
express activ : IS o in 330 optera frugiperda infected with recombinant baculoviruses vAGPPPIV at an m.o.i. of 5 for 72
cells. A recombinant plasmid, pAGPPPIV, was constructed h and were then separated by 6% SDS-PAGE gel (ygaes) and Western
(Fig. 3) to generate a recombinant baculoviufsgP,,DPPIV, blot analysis using an anti-Hiantibody (lower panel). Lane 1, marker
for the production ofV. basalis DPP-IV in Sf21cells. To proteins; Lane 2, uninfected cells; Lane 3, wildgyyAcMNPV-infected cells;
L ) Lane 4, vAcRoDPPIV-infected cells. The solid arrows represeatybsition of
evaluate the expression of rDPP-IV by BEVS, Sf2iscgere the rDPP-IV protein
infected with vVAcR,DPPIV at m.o.i. =5 for 72 h. As shown in
Fig. 4, an additional and clearly visible proteimand of
approximately 90 kDa (close to the molecular maksshe

supernatants and wild type VAcCMNPV-infected culture
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Fig. 5 Optimization of rDPP-IV expression. The vAGPPPIV-infected Sf21
cells at different m.o.i.=1, 5, 10 or 15 for 72rdahen culture supernatant
fractions were collected for determined the optatizn of rDPP-IV expression

C.Assay the activity of rDPP-1V

For analysis the activity of -DPP-1V, the rDPP-I\asvfurther
purified from the soluble extracts of vVAGPPPIV-infected
cells culture supernatants by nickel-chelated iyfin
chromatography [15] and then was confirmed by LCIMS.
The rDPP-IV expression rates were 6.4 mg proteinliper

suspension culture (1x 1@ells) (data not shown). The results

of analyses show that. basalis rDPP-IV activity exhibited
classical
extrapolated, to be 0.22 mM and 0.0008 &spectivelyV.

basalis rDPP-IV catalyzed the hydrolysis of Ala—Pro—pNA

rapidly, with substantial activity measured witli@min of the
addition of substrate. After an initial rapid inase in activity,
near maximal activity (7.43 + 0.24 nmol product nfiexd)
measured at 180min (Table I).

TABLE |
SUBSTRATE SPECIFICITY OF THE rDPP-IV

Substrate Km Vmax Keat Keat/Km

(mM) (s (s (mM.8)
Gly-Pro-pNA 1.00 2.98x104 52.67 52.41
Ala-Pro-pNA 0.22 5.91x10* 104.52 465.40
Ser-Pro-pNA 0.56 4.84x10* 85.54 150.40
Lys-Pro-pNA 0.57 2.74x10 4835 84.04
Glu-Pro-pNA 2.21 1.76x10" 31.06 14.05

On the other hand, the inhibition assay which theymatic
activity of rDPP-IV was significantly reduced by 860 60% in
the presence of sitagliptin (a DPP-IV inhibitor) BMSF (a
serine protease inhibitor), but was not appareatigcted by
iodoacetamide (a cysteine protease inhibitor) (6)g.

£ control
z 10 idoacetamide
2
S 80
<
@
E 60|
N PMSF
:: 40
>
= sitagliptin
g 20 9 2
(7]
3
Inhibitors

Fig. 6 Effects of three inhibitors, iodoacetamisiéagliptin and PMSF on the
enzymatic activity of rDPP-IV. These data were oi#d from three replicated
experiments and are shown as means * standarchtien\(S.D.)

Michaelis—Mentenkinetics, with Km and \#ma
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