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Dipeptidyl Peptidase IV from Xanthomonas maltophilia: Sequencing
and Expression of the Enzyme Gene and Characterization of the
Expressed Enzyme1
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The dipeptidyl peptidase IV [EC 3.4.14.5] gene of Xanthomonas maltophilia, expressed in
Escherichia coli, was cloned by the shotgun method. Nucleotide sequence analysis revealed
an open reading frame of 2,223 bp, coding for a protein of 741 ami no acids with a predicted
molecular weight of 82,080. The expressed enzyme was extracted with SDS, and the
solubilized enzyme was purified about 1,030-fold on columns of Toyopearl HW65C, DEAE-
Toyopearl twice, and hydroxyapatite, with an activity recovery of 50%. The enzyme
hydrolyzed a proline-containing peptide at the penultimate position, and was inhibited by
diisopropyl phosphofluoridate. The enzyme was most active at pH 8.5, and was stable
between at pH 7.0 and 9.0. The molecular weight of the purified enzyme was estimated to be
83,000 and 165,000 by SDS-PAGE and gel filtration, respectively.

Key words: a/0 hydrolase fold family, cloning, crystallization, dipeptidyl peptidase IV,
serine protease.

Dipeptidyl peptidase IV (DP IV; EC 3.4.14.5) catalyzes the
hydrolytic removal of N- terminal dipeptidyl residues from
peptides containing proline in the penultimate position (1).

It is a membrane-bound enzyme, which has been isolated
from various mammalian tissues {2-4), as well as from
bacteria such as FUwobacterium meningosepticum (5),
Aspergillus oryzae (6), and Lactobacilli (7). The enzyme is
of interest as it cleaves X-proline dipeptides from the NH2

terminus of several bioactive peptides, such as growth
hormone-releasing hormone (8) and substance P (9, 10). In
addition to its peptidase activity, DP IV has been identified
as being CD26, a surface differentiation marker involved in
the transduction of mitogenic signals in thymocytes and T
lymphocytes in mammals {11-13), and in cell matrix
adhesion through specific interactions with fibronectin and
collagen {14, 15).

DP IV is classified as a member of the prolyl oligopep-
tidase family, which differs from classical serine protease
families such as chymotrypsin and subtilisin {16-18). The
prolyl oligopeptidase family also includes protease H {19)
and serine carboxypeptidase II {20). It is well known that
the active residues of these serine proteases are composed
of a histidine-acid-serine catalytic triad. The sequential
order of the catalytic triad residues of members of the
1 This work was supported in part by Grants-in-Aid for Scientific
Research from the Ministry of Education, Science, Sports and Culture
of Japan. The nucleotide sequence data reported in this paper will
appear in the DDBJ, EMBL, and GeneBank nucleotide sequence
databases with the accession number, D83263.
* To whom correspondence should be addressed: E-mail: t-kabashima
gcc.nagasaki-u.ac.jp.
Abbreviations: DP IV, dipeptidyl peptidase IV; DP B, dipeptidyl
aminopeptidase B; XPDA, X-prolyl dipeptidylaminopeptidase;
Gly-Pro-2NNap, Gly-Pro-/J-naphthylamide; DFP, diisopropyl phos-
phofluoridate; PCMB, p-chloromercuribenzoate; PMSF, phenylmeth-
anesulfonyl fluoride.

prolyl oligopeptidase family is Ser-Asp-His, while for
members of the chymotrypsin and subtilisin families, it is
His-Asp-Ser and Asp-His-Ser, respectively.

Besides these serine proteases, Upases, esterases, and
some hydrolases also have a histidine-acid-serine catalytic
triad, the sequential order of which is Ser-Acid-His, the
same as for prolyl oligopeptidase family enzymes.
Although no clear primary structure similarity has been
detected among Upases, esterases, serine carboxypep-
tidases and hydrolases, three-dimensional analyses of
these enzymes indicate that they belong to an a/0 hydro-
lase fold family {20-24).

To provide the basis for detailed studies on the structural
relationship of DP IV with enzymes of the a/fi hydrolase
fold family, DP IV gene was cloned from Xanthomonas
maltophilia. In this paper, we report on the nucleotide
sequence of the DP IV gene from X. maltophilia, and
describe the crystallization of the enzyme expressed in E.
coli.

MATERIALS AND METHODS

Bacterial Strains, Plasmids, and Media—E. coli DH1,
DH5a, and JM105 were used as hosts for cloning. Plasmids
pUC18, pUCl9, and pBluescript SK( + ) were used as
vectors. Bacteria were grown in Luria-Bertani broth (LB-
broth).

Materials—Restriction endonucleases and various DNA
modifying enzymes were purchased from Takara Shuzo and
Toyobo. ^Tth DNA Polymerase Sequencing PRO was from
Toyobo. [ff-3rP]dCTP was from Amersham. Agarose I was
from Dojin Chemicals, and calf intestine alkaline phospha-
tase was from Boehringer-Mannheim.

Preparation of Gene Library and Screening of the
Enzyme Gene—X. maltophilia chromosomal DNA was
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prepared by the method of Saito and Miura (25), digested
with BamHl, and ligated into the dephosphorylated Bamiil
site of pUC19. The ligated plasmid mixture was used to
transform E. coli JM105. The transformants were screen-
ed for the expression of the DP IV gene by measuring
activity with Gly-Pro-2NNap as the substrate, in a 96-well
polystyrene assay plate.

Subcloning and Nucleotide Sequencing—Restriction
endonuclease fragments of chromosomal DNA were sub-
cloned into pUCl8, pUCl9, or pBluescript SK( + ), follow-
ing standard procedures (26). Nucleotide sequencing was
carried out by the dideoxy chain termination method.

Assay of Dipeptidyl Peptidase IV Activity—DP IV
activity was assayed with Gly-Pro-2-NNap as the sub-
strate, according to the method of Yoshimoto and Tsuru
(5).

To 800 fx\ of 20 mM Tris-HCl buffer (pH 8.0) containing
5 mM EDTA, 100 Ml of 5 mM Gly-Pro-2-NNap, and 100 //I
of enzyme sample were added. After 5 min of incubation at
37'C, the enzyme reaction was stopped by adding 1 ml of
Fast Garnet GBC salt (1 mg/ml) solution containing 10%
Triton X-100 in 1 M acetate buffer (pH 4.0). Absorbance at
550 nm was measured after incubation for 10 min at room
temperature. One unit of activity was defined as the
amount of enzyme which released 1 jumol of /5-naphthyl-
amine per min under standard conditions.

Purification of the Expressed Enzyme—E. coli DH1/
pXDP, that carried a 3.2 kbp insert of chromosomal DNA at
the BamHl site of pUC 19 (Fig. 1), was aerobically cultured
in 12 liter N-broth containing ampicillin (50 mg/liter) at
37"C for 12 h, using a New Brunswick jar fermenter. Cells

were harvested by centrifugation, washed with 20 mM
Tris-HCl buffer (pH 8.0) containing 5 mM EDTA, and
resuspended in 20 mM Tris-HCl buffer (pH 8.0) containing
5 mM EDTA and 0.1% SDS. The cells were disrupted with
glass beads in a Dyno-Mill, and the suspension was centri-
fuged at 8,000 rpm for 30 min. After centrifugation, the
supernatant was saturated with 40% ammonium sulfate
and applied to a column of Toyopearl HW65C (6 X 15 cm)
equilibrated with 20 mM Tris-HCl buffer (pH 8.0) contain-
ing 5 mM EDTA and ammonium sulfate at 40% saturation.
The column was washed with the same buffer, and adsorbed
enzymes were eluted with a decreasing linear gradient of
ammonium sulfate concentration from 40 to 0% saturation

Bwn HI Kpn [ Ea> Rl Him: I

I I I I
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I I
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Fig. 1. Restriction endonuclease map of the 3.2 kbp chromo-
somal DNA fragment. The large arrow indicates the position and
direction of the enzyme gene, and small arrows indicate the direction
and extent of each sequence determination.
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CATCTGTACCGCATCGACJtfXAAGGGCAAGGCCGCCXXXKTGACCCACGGCAACTGCT
H L Y R I D S K G K A A A L T H G N W S V D E L L A V D E K A G L A Y F R A G I
GAATCGGCGCGCGAAAGCCAGATCTACGCTGT«:CGCTGCAGGGCGGCCAGCCGCAGCGCCT^
E S A R E S Q I Y A V P L Q G G Q P Q R L S K A P G H H S A S P A R N A S V Y V
GACAGCTGGTCCAACAACAGCACCCCGCCGCAGATCGAACTGTTCCGCGCCAATGGCGAGAAGATCGC^^
D S W S N N S T P P Q I E L F R A N G E K I A T L V E N D L A D P K H P Y A R Y

R E A Q R P V E F G T L T A A D G K T P L N Y S V I K P A G F D P A K R Y P V A
GTGTACGTGTATGGCGGCCCGGCCAGCCAGACCCTCACCGACAGCTGGCCXraXXXT^^
V Y V Y G G P A S Q T V T D S W P G R G D H L F N Q Y L . A Q Q G Y V V F S L D N

R G T P R R G R D F G G A L Y G K Q G T V E V A D Q L R G V A H L K Q Q P H V D
CCGGCGCGCATCGGraTCCAGGGCTGGTCCAACGGCGGTTACATGACCXrrC^^
P A R I G V Q G W S N G G Y H T L M L L A K A S D S Y A C G V A G A P V T D W G
CTGTACGACAGCXACTACA<XGAGttX^ACATGGACCTGCCGGCGCGCAACX»T^^
L Y D S H Y T E R Y M D L P A R N D A G Y R E A R V L T H I E G L R S P L L L I
CACGGCATGGCTGACGACAACGTGCTGTTCACCAATTCGACCAGCCTGATX1AGCGCGC
H G M A D D N V L F T N S T S L H S A L Q K R G Q P F E L M T . Y P G A K H G L S
GGCGCCGACGCACTGCATCGCTACCGCGTCGCCGAAGCXTTCCTGGGACGTTGCC^
G A D A L H R Y R V A E A F L G R C L K P *
CTCCOUXTGCGATCTGGCirairejllXXGGCATrGGCGCTGGGCGATGCCA^
GGCCC»UX3ACAGTGCGCCGATGCGCGAGGCGATGCGTCGCGCCGGCTGCAGCGTCCy*AC^
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Fig. 2. Nucleotide sequence of the X. maltophilia dipeptidyl peptidase IV gene and its deduced amino acid sequence. The double
underline indicates the putative transmembrane domain as deduced from the hydropathy profile.
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in 20 mM Tris-HC1 buffer (pH 8.0) containing 5 mM 
EDTA. The enzyme in the active fractions was precipitated 
by salting out with ammonium sulfate, and the precipitate 
was dissolved in a small volume of 20 mM Tris-HC1 buffer 
(pH 8.0) containing 5 mM EDTA, then desalted by gel 
filtration on a Sephadex G-25 column equilibrated with the 
same buffer. The enzyme active tractions were combined 
and applied to a column (6 x 15 cm) of DEAE-Toyopearl 
650C equilibrated with the above buffer. The enzyme was 
not adsorbed, but passed through the column, leaving a 
large fraction of the unwanted proteins on the column. 
Active fractions were combined and concentrated by 
ultrafiltration using an Amicon apparatus (PM-lo), and 
applied to a hydroxyapatite column (2 x 20 an) equilibrat- 
ed with 10 mM phosphate buffer (pH 8.0). The enzyme was 
eluted with a linear gradient of potassium phosphate buffer 
(10-500 mM). Active fractions were combined, concen- 
trated by ultrafiltration using an Amicon apparatus (PM- 
lo), and dialyzed against 10 mM potassium phosphate 
buffer (pH 8.0). 

Crystallization-Crystals of DP IV were grown at 20C 
using the hanging drop vapor diffusion technique. Drops of 
10 pl  were prepared by mixing 5 pl  of the protein solution 
(20 mg/ml) with 5 pl  of the reservoir solution: 0.1 M Na 
cacodylate pH 6.5,0.2 M Mg acetate, and 20% PEG 6000. 

RESULTS 

Cloning of the Dipeptidyl Peptidase IV Gene-Among 
approximately 1,000 transformanta screened, one showed 

enzyme activity and was found to be harboring a plasmid 
with a 3.2 kbp insert in the BmHI site. This recombinant 
plasmid was designated pXDP. The restridion map of the 
insert is shown in Fig. 1. 

The association between the cloned gene and DP IV was 
further confirmed by Southern hybridization, using the 3.2 
kbp fragment as a probe. Only one band of the BamHI- 
digested X. mcrltophilia chromosomal DNA hybridized with 
the labeled probe, and its size wae approximately the same 
as that of the insert contained in pXDP. This result not only 
confirms the identity of the cloned gene, but also shows that 
DP IV exists as a single gene in X. maltophilia (data not 
shown). 

Nmleotide Sequence-The nucleotide sequence of the 
insert in pXDP was determined. Within this sequence, 
there was an open reading frame of 2,223 bp, beginning 
with an ATG methionine codon (Fig. 2). The protein 
deduced from the nucleotide sequence was composed of 741 
amino acid residues, with a molecular weight of 82,080. 
The sequence starts with a transmembrane region which 
has a hydrophobic core domain, as deduced from the 
hydropathy profile. 

Purification and Crystallization of the Expressed En- 
zyme-The purification procedure is summarized in Table 
I. The enzyme was purified 1,030-fold, with an activity 
recovery of 50% from cell-free extracts. By SDS-PAGE, 
the final preparation showed a single band corresponding to 
a molecular weight of 83,000 (Fig. 3), which agreed well 
with that calculated from the deduced amino acid sequence. 
The enzyme was crystallized by the hanging drop vapor 
diffusion method using PEG 6000 as a precipitant. A 

Fig. 3. SDS-PAGE of the p d e d  enzyme preparation. SDS- 
E 

PAGE was run on 7.5% polyqlamide gels, which were subsequently Fig. 4. P h d o m i m p h  ofthecryetal ofDP N. The rry8t-d was 
stained with Coomansie Brilliant Blue R-250. Lane 1, purified produced in hanging dmp, by 5 pl of protein solution (20 mgl 
enzyme; lane 2, marker proteins. ml) and 5 p1 of reeemoir butrer containing 20% PEG 6000 (pH 6.5). 

TABLE I. Pudfieatian of the dipeptidyl peptidaee IV from E. coli DH l/pXIIP. 
Total protein Total activity Recovery Spec& activity Puridcation ratio Prvifr~~tion step 

(mg) (units) (%) (units/w) (fold) 
Cell-free extract 36,000 12,400 100 0.34 1 
Supernatant after 40% 12,800 9,550 77.0 0.75 2.2 (NH,)*SO, precipitation 
Toyopearl HW65C 707 8,210 66.2 11.6 34.1 
let DEAE-Toyopearl 27.6 6,340 51.1 230 676 
2nd DEAE-Toyopearl 22.6 6,300 50.8 280 824 
Hydroxyapatite 17.7 6,200 50.0 350 1,030 
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TABLE II. Substrate specificity of DP IV from X. maltophilia.
Substrate
Gly-Pro-2NNap
Ala-Pro-pNA
Ser-Pro-pNA
Lys-Pro-pNA
His-Pro-pNA
Glu-Pro-pNA

K^ (mM)
0.15
0.33
0.39
0.44
0.33
0.16

*». (a"1)
124
125
127
131
45.0
53.6

K*JKm (s '-mM ')
827
379
326
298
136
335

2NNap, /S-naphthylamide; pNA, p-nitroanilide. No hydrolysis: z-
Gly-Pro-2NNap, Pro-pNA.

3.00

0.00

XDPIV

-3.00
1 11 21 31 41 51

TABLE ED. Effect of various inhibitors on DP IV activity.
Inhibitors Cone. (mM) Remaining activity (%)
None
EDTA
o - Phenanthroline
Iodoacetamide
PCMB
DFP
PMSF

5.0
1.0
1.0
1.0
1.0
1.0
5.0

100
124
90.7
91.1
96.7

0
50.2

3.7
The enzyme was preincubated at 37*C (pH 8.0) for 30 min.

TABLE IV. Physicochemical properties of DP IV.

Optimum pH
pH stability1

Optimum temperature
Thermal stability"
Isoelectric point
Molecular weight

8.5
7.0-9.0

50#C
45"C
6.7

83,000 (SDS-PAGE)
165,000 (gel filtration)

"37'C for 60 min. bpH 8.0 for 60 min.

3.00

0.00

FDPIV

-3.00
1 11 21 31 41 51

3.00

0.00

YDPB

-3.00
1 11 21 31 41 51

rectangular prismatic crystal, shown in Fig. 4, was ob-
served.

Enzymatic and Physicochemical Properties—The puri-
fied enzyme catalyzed the hydrolysis of peptide derivatives
which contain proline in the position penultimate to the free
amino terminus (Table II). The enzyme also split the Ala-X
bond when alanine was located at the same position (data
not shown). The enzyme was inert toward peptides in which
the terminal amino acid was protected.

The enzyme was markedly inhibited by DFP but was
hardly affected by SH reagents or metal chelators (Table

m).
Some properties of the purified enzyme are summarized

in Table IV. The isoelectric point was 6.7, and the molecu-
lar weight was estimated to be 83,000 by SDS-PAGE, and
165,000 by gel filtration, suggesting that the enzyme exists
as a dimer.

DISCUSSION

Dipeptidyl peptidase IV from X. maltophilia was cloned
and expressed in E. coli. The expressed protein was
purified and crystallized. In a previous paper, we reported
on prolidase (27) and prolyl carboxypeptidase (28) from
Xanthomonas. Szwajcerdey et al. (29) reported on prolyl
endopeptidase, also from Xanthomonas sp. Similarly, F.
meningosepticum produces prolyl endopeptidase (16), DP
IV (30), and prolyl aminopeptidase (unpublished data).
Both Xanthomonas and Flavobacterium produce many
kinds of proline-specific peptidases, though the biological

HDPIV
3.00

0.00

-3.00

Fig. 5. Hydropathy profiles of the transmembrane domain of
four enzymes. Hydrophobicity values of 50 amino acids from the
N-termini, obtained according to the methods of Kyte and Doolittle
(38), have been plotted with respect to their positions in the amino
acid sequences. The window used in the scanning was 7 amino acids.
Line segments above and below the horizontal axis indicate hydro-
phobic and hydrophilic portions, respectively. The shadowed region
indicates the putative transmembrane domain. XDPIV, X. malto-
philia DP IV; FDPIV, F. meningosepticum DP IV (30); YDPB, yeast
DP B (39); HDPIV, human DP IV (40).

significance of these enzymes is not clear.
The open reading frame detected in the DP IV gene by

nucleotide sequence analysis, encodes a protein consisting
of 741 amino acid residues with a molecular weight of
82,080. The molecular weight of the purified enzyme was
estimated to be 83,000 and 165,000 by SDS-PAGE and gel
nitration, respectively, suggesting that the enzyme is a
dimer, as are the other reported enzymes. The optimum
temperature for the enzyme activity was 50*C, similar to
that of the F. meningosepticum enzyme, while that of
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XDPIV 1 «RH LFASLAFMLATSTVAHAEKLTLEAITGPLPLSGPTLH-KPKVAPDGSRVTFLRGKDSDRNQLDLH SY-DIGSGQTRLLVDS

FDPIV 1 HXK1C IFSLLSIAWAFHGL SAQE ITLD KIYSGQYR AJCGIS--GIASLNDGENYAT-IEPTG

YDPB 1 MEGGEEEVERIPDELFDTKXKHLLDKLIR VGIILVLLIWGTVLLLKSIPHHSNTPDYQEPNSNYTNDGKLKVSFSWRNNTFHPKYHELQWISDHKIES-NDLGLYVTFMNDSY
HDPIV 1 BKTPKR VLLGLLGAAALVTIITVPWLL-HKGTDDA-TADSRKP YTLTDYLK NTYRLKLYSLRWVSD -FEYLY-KQEHNIL

XDPIV 83:KWLPGTETLSDEEKARRERQRIAA«TGIVD-YQW«PDAQRLI-FPLGGELYL--YDLKQE--GKAAVKQL THGEGFATDAKL8PKGGPVSFIRGRNLWVIDLASGRQHQLTADG-ST

FDPIV 59:IAKYSYKTS QKEKMI-VK5SPW;YTFB(n)ESKILI^KSSQSIYRHSFLGKFEVlU)L-KSRTVVSLJraAHWIQEPKFBPDGSICVAFIADHNLFYQDLNTGKITQITTDGKKN
YDPB 114:WKSVYDDSYNNVI,LEGKTFIHNG-QHLTVESITABPDLKRIJ.IRTNSVQHMRHSTFGSYFVYDKSSSSL RELETV-ALAIHSPMSNNIAYVQDNMIYIYSAISKKTIRAVTNDGSS

XDPIV 194.TIG»OIAEFVADIKMpRHTGYW-«APDDSAIAYARIDESPVPVQKHYEVYADR TDVIEQRT»AAODAB VQV KLGVISPAEQAQTQWIDLO KEQDIYLAEV-N

FDPIV 168EIIBOLGDWVYEMPG-HADYYQ1IHKAGDALVFVRFDERKVPEINIPIYYQ NLYPKLHTYKTPKAOEEB SAV T-AYLYQLSSGKSAQLNFO SSEKYYIPQLFQ

HDPIV 194 IIYBOITDWVYFJ«VFSAYSALWWSPNGTFIJkYAQFNDTEVPLIEYSF^SDESIA3-YPKTVRVPT»!«OAVMPTVKFFVVWrDSLSSVTHATSIQITAPASHLIODHYIXDVTWATQERI

XDPIV 2 94 KRDPQHLSFQRQSRDQKKU5LVEVTLASH0QRVL-AHETSPTHVPLHN--SLRTLDDGS-ILH-SSERTOFQ1-LYRIDSKGK-AAALTHONW SVDELLAVDEK AGLAYFRAG

FDPIV 269 TNANDEIWATANRHQNKVDLLKVNTKTAAVSKL-FTETDHAHIETDN-LTMETLDDNS-FLW-ASERDOHRM-LYHYDAAGKLKKQVSKODW EIINYYGYNPK TKEVYIQTT
YDPB 343.LVKTTDR-SS-DILT\n'LIiyTIAKDFKHaKERKFHGGlOreiTHNTLFIPANETTDRPHNGYVDILP-IGaYKHIJkYFENSNSSHYKTLTEOKWEVVNGPIJkFDSMENRLYFISTR-KS-S
HDPIV 313 SL010iRRIQNYSVMDICDYDESSGRWMCLVARQ-HIEl«TTGlfVGRFRPSEPHTTLDGNSFYKIISNEEaYll«ICHYTQIK-KIX?TFITTCOTWEVI-GIEALTS-DY-LYYISHEYKGMP

XDPIV 400 IESARESQIYAVPLQGGQPQ-RL-SKAPGKHSASFARNASVYVDSHSNNSTP PQIELFRANGEKIATLVEMDLADPKHPYARYREAQRPVEFGTLTAADGKTPLNYSV

FDPIV 377 EKGSINXWSKLNINTGKTQ-LL-SNAEGNNSAATSKTFNYFINTSSTAKVP TKYILKDANGKDVKELQNWDDLLNKLKSDNFIAK EFITIPNAAGD--QMNAKM

YDPB 458.TERHVYYIDLRSPNEIIEVT-D-TSEn5-GVYDVSrSSGRRPt3LLTYKGPK\WYQKIVDFHSRlUiEKCDKGNVLGKSLYHLEK»EVLTKILEDYAVPRKSFRElJ)LGKDEFGKDILVMSYE
HDPIV 428.GGRNLYKIQLSDYTKVTCLSCELNPERCQYYSVSFSKEAKYYQLRCSGPGLP LYPLHS SVNDKGLRVLEIMSALDKKLQHVQHPSKXL-DFIILH-E-TK-FWYQ--M

XDPIV 506 : IKPAGFD-P-AJU!TPVA\rYVTGOPA«QTVTDSWPCRGDHLFNQYIJlCWYVVFSIJ>mOTPRRgRDFGGALYGKO«TV»VAI>QLRGVAWLKraPW^
FDPIV 478 : IKPKNTB-P-AKKTPVraFQTSQPGSOQVANEVfDGGNGIWFDM-IJ^QKQYLWCVDGlUmjFROTKYKKVTYKHMKYIIE
YDPB 57 5 IIJNDTOETLSDHTPVFFFATGO»NSQ-QVVKTFSVGFlJE\A/A--SQIJUlIVVVVT)G*OTGFKaQDFRSLVRDRLODYXAKDQISAASLYGSLTFVI)PQKISLFaW«YOOTLTLKTLEKI)
HDPIV 530:ILPPHTD-K-SlU(YPLLLDVTAQPCSQ-KAD:rVFRIjmATYIJk--STEMIIVASFTClUJSGYQODKI>mAINRRL<»rFTWE^

XDPIV 624 SD-SYACW/AGJ^VTI!WGLTDBHTTDtYM--DIJAR«DAGT-RFJkRVLTHIEGLRSPLIiIBOKAI>IW\njTNSTSLHSA^

FDPIV 595 AD-VFKMJIAV»FVTHiraFTD»ITT«»--FI^T»QE]»KDGT-DI^SPTTYAKLLKGKFIiIBOTADI«VHrQN»HET'SEAI,-IQNKKQFDFKAYPDKHB SIIOaNTRPQLYEKHTNY

HDPIV 645 • SG-VFKCOIAV»PVSRWEYTE«VTTI«Y>«;LPTPED«LDHTPJ)STT/«ERAENFKQVEYIiIHOTAin«VHrQQ»AQISKAi;VDVGVD-FQAtn«TDEDlGIASSTAHQHIYTHMSHFIKQ

XDPIV 738CL-KP

FDPIV 707:ILENL
YDPB 810 LSMGNLTNELTIYSSSHRDIHKTFSYLHTMYI
HDPIV 763:CFSLP

Fig. 6. Comparison of the amino acid sequences of the dipeptidyl peptidases. The asterisks indicate the catalytic triad residues. XDPIV,
X. maltophilia DP IV; FDPIV, F. meningosepticum DP IV; YDPB, yeast DP B; HDPIV, human DP IV.

mammalian enzymes is around 60°C (5). The enzyme was
completely inhibited by DFP and slightly inhibited by
PMSF, as are the enzymes from mammals. Substrate
specificity was also similar to that of the other enzymes.
The enzyme catalyzed hydrolysis of the Pro-X bond, with
no influence of the amino acid at the P2 position.

To compare the expressed enzyme with the wild-type
enzyme, the enzyme was purified from X. maltophilia.
Purification of the wild-type enzyme was done by using the
same procedure as for the expressed enzyme, but the
preparation contained some contaminants as judged by
SDS-PAGE. Using this partially purified enzyme, the
enzymatic and physicochemical properties of the wild-type
enzyme were determined. The wild-type enzyme has the
same optimum pH and temperature, as well as pH and
thermal stability, as the expressed enzyme. The wild-type
enzyme was also markedly inhibited by DFP and PMSF at
1 mM and 5 mM, respectively, but was hardly affected by
SH reagents and metal chelators (data not shown). These
findings and the results of hybridization with the enzyme
gene and chromosome suggested that the enzyme expressed
in E. coli is derived from X. maltophilia.

Since DP IV is a membrane-bound enzyme, many
previously applied methods are available for its extraction.
Bovine and lamb kidney enzymes have been extracted by
autolysis (4), and papain digestion (31), while the human
placental enzyme has been extracted by combined treat-
ment with 10% butanol followed by 1% Nonidet P40 (32).
The porcine pancreas enzyme has been extracted from
acetone powder (33), while F. meningosepticum enzyme has
been extracted by sonication in the presence of 1% sodium

cholate (5). The DP IV enzyme from X. maltophilia,
however, could be extracted under rather mild conditions
with 0.1% SDS. Figure 5 shows the hydropathy profiles of
the putative transmembrane domain of enzymes from X.
maltophilia, F. meningosepticum, yeast, and humans. The
hydrophobicity of the enzyme from X. maltophilia was
lower than that of the others. No positively charged amino
acid was present in front of the transmembrane domain in
X. maltophilia DP IV. This seems to make it easier to
extract the enzyme from the membrane.

The amino acid sequence was 30% homologous to that of
F. meningosepticum DP IV, and 25% homologous to those of
human DP IV and yeast DP B (Fig. 6). Although the overall
homology level is low, the C-terminal part involving the
active residues (Ser, Asp, and His) is well conserved. When
the amino acid sequence of X. maltophilia DP IV was
compared with that of Lactococcus lactis X-prolyl dipep-
tidylaminopeptidase (XPDA), which has the same sub-
strate specificity as DP IV, only minimal similarity around
the active serine residue (G-X-S-X-X-G) was observed.

DP IV is included in the prolyl oligopeptidase family,
based on comparisons of amino acid sequences (16-18).
This family, which includes prolyl endopeptidase (16),
protease H(19), and acylamino acid releasing enzyme (34),
is not related to the well-known chymotrypsin and sub-
tilisin families. Although the homology among the enzymes
of this family is 15-30%, the homology level is greater at
the C-termini involving the catalytic triad (Ser, Asp, and
His).'The sequential order of this catalytic triad in the
prolyl oligopeptidase family (Ser-Asp-His) is different
from those in the chymotrypsin (His-Asp-Ser) and sub-
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tilisin (Asp-His-Ser) families.
The sequential order of the catalytic triad of serine

carboxypeptidase H (20), lipase (21), and acetylcholines-
terase (22), is the same as that of members of the prolyl
oligopeptidase family. However, the amino acid sequence
homology of these enzymes is low. Recently, it was confirm-
ed that acetylcholinesterase (22), lipase (21), serine car-
boxypeptidase II (20), dienelactone hydrolase (35), and
haloalkane dehalogenase (36), all of whose structures have
already been determined, share the same a/y?-hydrolase
fold (24). Based on the similarity of amino acid sequence
(unpublished data), prolyl aminopeptidase also seems to be
a member of this a/ft -hydrolase fold family.

These findings indicate that the three-dimensional struc-
ture of DP IV may have a similar topology to an a/ft-
hydrolase fold. In order to clarify this, we crystallized the
enzyme using the hanging drop vapor diffusion method. A
preliminary X-ray analysis of XPDA from L. lactis has
recently been reported (37). However, the amino acid
sequence of DP IV from X. maltophilia is closer to those of
mammalian enzymes than to XPDA, so an X-ray crystallo-
graphic analysis of this DP IV is likely to be of interest.
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