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Structure of catalytic domain of metalloprotease :
mainly considering the novel motif identified on DPP I

Kavyoko M FUKASAWA

Department of Hard Tissue Research, Graduate School of Oral Medicine,
Matsumoto Dental University

Summary

Almost metalloproteases contain a zinc atom in the active domain coordinating three
amino acid residues on the protein and a single water molecule. Metalloproteases are clas-
sified into several groups according to the amino acid sequence of the catalytic domain.
Dipeptidyl peptidase (DPP) I, which catalyzes the removal of unsubstituted, N—terminal
dipeptide from peptides and B-naphthylamide derivatives, had been classified as a serine
protease until the amino acid sequence of DPPII was determined. The presence of a similar
HELLGH motif on DPPII as the zinc metalloprotease motif HEXXH raises the possibility
that DPPII is a metalloprotease. By electrothermal atomic absorption spectrometry, DPP I
was demonstrated to contain one mol of zinc per mol of protein, and on zinc-binding study,
the dissociation constant (Ka) of DPPII was detected to be (2.5+0.5)x 1073 M. These findings
show that DPPII is a mono zinc metalloprotease. Furthermore, mutagenesis experiments
confirmed that residues His*°, His*® and Glu*! on DPP Il are involved in zinc coordination
and catalytic activity, and that residue Glu®® is a third ligand of zinc atom. DPPII has been
newly classified as a metalloprotease containing a novel zinc—binding domain “HELLGH
motif”. The three—dimensional structure of the catalytic domain and putative catalytic
mechanism of DPPII are deduced from that of thermolysin proposed by Matthews along
with these site-directed mutagenesis studies on DPPII.

(20064F 4 A10H ZH)



a

12 %

i U &I

TV EZY) w7 ODNA _HELEA
R, SHOEML S EYFOHME ‘i'%)f:%
L, 2L ORISR RS 272, ZDEMT
%)fl{ﬁ\luj/ll ¥, ¥
MFWH@,NW

¥ UINTED
=Wy Ny "’10),{“' sl SN0

I PTH {i I BN DPE L, FEERIC
- SR =1:3 fi(ﬂ‘J")J EW R R 2 B L 7‘ LA
L7 a—=o Y IHEMOBEAZLY, ¥ 7D

AFDBIMICEZD ISR Y, REMZZIPNTSY 23
JEDO—RHEEPREINTE 2. FREFKRI,

XA IR AT R R A IEIE A 7 OV AT B A
fﬂ@;@’/kf)‘fff'-b N, F NI B DR DK 4 W]
LS B LY 3713 S EONR T T St YO 1 )
NS “J]f)"iﬂ &7,

5 Ny O REERE, RN Y o oM
W DORRE, RVE Y LRVOFE R SIS T
B, WERELE L OBERTEDE
20044F |2 Bt 2 7L 72 Hand Book of Proteolytic
Enzymes 5 2 W12 (2662 0 % 3 2548 #% 2 11,
Z ORI ET 57 I /BRI O X,

7}/\“5#“/%”2[’3”":%‘: F 1] kiR e = kSR,
VATA VBELRLPRERBRICGHEISATY
5.

KIS TIE, ) VEEIISEHIRATW IR
TFINARTF ¥ —+F (DPP) WA 45 7 G P
I EZHOSRMERTH L Z LI N E

Pk, &b LB OREENFE I N TV DL4E
&7 a7 7 — OO IO W TS L
5 vy B OREEREE R D TIZZDERIZOWN
TEET 5.

B 7077 —tE0EMFUIEE

S/ 7ar 7 —8iZix, asvibL+rd5b
BT oAF e E5LbDO0H5, L7§‘L}\‘
mwﬁﬁmiﬁmﬁmb (R e A ) e o e
ATWSE, ¥—FE54 T VY, ANKFIRTF
F¥—E¥A, B, hto7uar7—ERE0MB
-7 ¥—EY, FRAFYN—-LEC?, TNVAY
RAT 77 —X"% O O Xk o il
Wickby, EFETF (CXAFT V), BEET (7
VEIUVER) HLVREALFTVET (ATA V)
DWFNH 3~ 4 HOF D HigH A 4 > &

- KM TR TE 13,

THIEIAHTH 5.

. Identification of novel zine binding motif on DPPI

1 . Richardson diagram of snapalysin. The image was
prepared from the Brookhaven Protein Data Bank
entry (1 KUH”). The zinc ion is shown as a dark
gray sphere. The zinc ligands are shown in ball-and
—stick : His” (red), His*™ (red) and Asp'” (pink).
The catalytic Glu™ is also shown in ball-and-stick
{(blue).
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2 Schematic of the mechanism for the activation of
the matrix prometalloproteinase. Activation occurs
through the conversion of the zinc coordinated to
four amino acid residues (tetradentate) into one
that is coordinated to only three residues (triden-
tate) through the removal of one ligand, cysteine, S,
which is then replaced by water. The small arrow
indicates the peptide region of the presumable
autocatalytic cleavage site. Histidine residue is
shown H.
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Metarlloprotase
— Zincins HEXXH-Xa-E
Gluzincin
Themolysin family a=19
Endopeptidase f. a=19
Angiotesin converting enzyme f. a=23
Aminopeptidase f. a=18
- Metzincins HEXXHXXGXXH/D-X»-M
Astaxin f. b=45
Serratia f. b=28
Reprolysin f.  b=13
Matrixin f. b=8

— Inverzincins ~HXXEH-X7-E  Insulinase f.
— HXXE-Xios131-H Carboxypeptidase f.
— H-X42-HXH DD-crboxypeptidase

— Two zincion  Leucyl aminopeptidase
Cobalt or Manganese ion Methionyl aminopeptidase

3 ! Families of metalloproteases.
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F* 1 ! Effect of inhibitors on enzyme activity

Data indicate concentration for 50 % inhibition of placental DPPII.
PCMPS, p-chloromercuriphenylsulphonic acid ; NEM, N—ethylmaleimide ; DCI,
3,4—dichloroisocoumarin ; PMSF, phenylmethylsulphonyl fluoride

Enzyme activity

Potential inhibitor

Inhibitor concentration
of 50% inhibition (uM)

Metallopeptidase o—Phenanthroline 240+16
EDTA 298+11

Cysteine peptidase PCMPS 3.30+0.24
NEM 6330640

Serine peptidase DCI 4.54x0.74
PMSF 2170+470
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4 : Nucleotide sequence of the cDNA and the deduced amino acid sequence of DPPII. Nucleotide residues are numbered
from 5’ to 8, with the first residue of the ATG codon encoding the putative initiating methionine. The deduced amino
acid sequence is displayed below the nucleotide sequence as a single-letter code starting from methionine. The se-
quences matching those of peptide fragments indicated after tryptic digestion of the recombinant DPPII are under-
lined. The putative polyadenylation signal is indicated by boldface.

%1%  Identification of novel zine binding motif on DPPII

ctgcagcagggctce
ATGGCAGATACCCAGTACATCCTGCCCAATGACATCGGTGTGTCTAGCCTGGACTGCCGEGAGGCATTCOGCCTGCTGTCACCCACAGAG

M ADTOQYI1ILP NDTIG YV SSLDCREA RATFRILLSZPTE

CGCCTCTATGCCCATCACCTGTCTAGAGCCGCTTGETATGRAGGCCTGECTGTGCTGCTCCAGACATCTCCTGAAGCCCCCTACATCTAT
R L YAHHL SRAAWYGGLAVLLOQTS?®PEA ADPYTIZY

GCCCTGCTTAGCCGCCTCTTCCATGCCCAGGACCCTGACCAGCTACGCCAACATGCCCTGGCTGAGGECCTGACTGAAGAAGAGTATCAG
A LLSRLPFRAQDZPDOQLROQHEHALAEGTLTTETETETYD?Q

GCATTCCTGGTCTACGCTGCAGGGGTCTACTCCAACATGGGCAACTATAAGTCCTTCGGTGACACCAAGTTTGTCCCTAACCTGCCCARG
A FLVYABAGYVY YSNMGNYZ KSPGDTI KT FV?PUNTILTPK

GAARAGCTGGAGCCTGTGATCCTTGCGAGTAAGGCTGCCCAACAGCATCCAGAAGAAGTCAGGAGCCTTTGGCAGACCTGTGGGGAGCTT
E XL ERVILGSZ KXKARARAQQQHTEPEETVHRZSLWOQTT CGTETL

ATGTTCICCCTGGAACCAAGGCTTCGACATCTTGGGCTGGGGAAGGAGGGAGTCACCACCTATTTCTCTGGGGAT TGTGCCATGGAAGART
M F S L EPRLRHLGLGI KEGVYVYTTYVFSGD CAMTET?D

GCCAAGCTGGCCCAGGACTTCCTGGACTCTCAGAACCTCAGTGCATACAACACCCGECTCTTCAAGGTGGT CCGCCAGGRAGGGAAGTAC
A KL A ODF LD S QNLSATYDNTRLTPFIEKVYV GQESGTE KTY

CACTATGAGGTGCGACTGGCT TCAGTACTCAACACAGAACCTGCTCTCGACTCTGAGTTGACTTCCAAGCTGARGAGCTACGAGTTCCAG
HYEVRLASVYVILNTEZ PALDSELTSI KTILI KT SYEF Q

GGGAATCATTTCCAGETCACCCETGEAGACTATGCCCCCATCCTCCAGRAGGTCETAGARCACTTCGAGARAGCTARGGCTTATGCAGCC
G N HF QVT®RGDJ YA APTIULGOIZ KVYVVEHRLEIZ KA AIZ KA ATYARAN-A

AATAGCCACCAGGAGCAAATGCTGGCCCAGTATGTGGAGAGCTTCACCCAGGGTTCCATTGAGGCCCATAAGRGGGGCTCCCGCTTCTGG
N S HQEQMULAOQYVESTFTOQGSTIEAHTZ KRGS STZRFEW

ATTCAGGACAAAGGTCCCATTGTAGAGAGT TACATTGGCTTCATTGAGAGCTACCGTGACCCCTTTGGCTCCCGAGGAGRATTTGRAGGC
I gDXG?PTIVESYTIOG P IESYRDZPTFGSTZRGETFEG

TTCGTGGCCATGGTARACARAGACATGAGTGCARAGT TCGAGCGGCTGGTTGCAAGTGCTGAGCAGCTGCTGRAGGAGCTGCCTTGGCCT
F VAMVYNIKXKDMSAI KT FERTLUYVASAMEUOQLULI KTETLTPMWEP

CCTGCCTTTGAGARGGACAAGTTCCTCACCCCTGACTTCACTTCCCTGGATGTCCTTACCT TTGCCGGCTCTGGCATCCCTGCAGGCATC
P A FEEXKDZ KV ¥ ¥TLTPDFTSLDVLTZFPF-AGSGTUZPHAGTI

ARCATCCCCAACTATGATGACCTGAGACAGACAGAGGGCTTTAAGAATGTGTCTCTGGGGAATGTGCTGGCTGTGGCCTATGCCACRAAG
N I PNYDDILROQTETGT FI KNVSLGNUVILAVYVAYATHK

CGGGAGARACTCACCTTCATGGAGGAAGAAGACAAGGACCTGTACATCCECTGGAAGGGGCCETCCTTTGATGTGCAGGTGGGGTTACAT
R E KLTVPFMETETEDI KUDT LYTIRUW®WIE KT GT?PST FUDUVQV GULH

GAGCTGTTGGGCCATGGCAGCGGCAAGCTCTTTGTACAGGATGAGAAAGGTGCTTTCAACT TTGACCAGGAGACAGTGATCAACCCAGAG
ELLGHGSGKULFV QDEIZKGAPFPNTFDOQETUVTINZNTZPE

ACTGGGGAGCAGATCCAGAGCTGGTACCGGAGTGGAGAGACATGGGATAGCARATTTAGCACCATTGCCTCCAGCTACGAAGAGTGCCGE
T 6 EQ I 0 8 WYRSGETWDSZ KPFSTIASSTYETETCR

GCTGAGAGCGTGGGCCTCTACCTCTGTCTCAACCCCCAAGTACTTCAGATCTTTGGCTTTGAGGGAACTGACGCAGAAGATGTCATCTAT
A E SVGEGEL YL CLNPOQVLQTIFGTFEGTUDA ATETDUVTIZY

GTGAACTGGCTCAACATGGTCCGGEGCTGEGCTGTTGGCTT TGGAGTTCTACACCCCAGAGACGGCCAACTGGCGACAGGCCCACATGCAG
VY WILNMVZRAGLLALETFYTZPETA ANDNWROQAHMDGQ

GCCCGGTTTGTGATCCTGAGGGTTTIGCTGGARGCTGGCGRAGGACTCGTTACCGTCACCCCCACCACAGGCTCTGATGGGCGCCCAGAT
A RFVILRVLILEAGEG GTLVTVTZ®PTTS GSUDGTRTPD

GCTCGTGTCCACCTGEACCECAGCARGATCCAGTCAGTGGGCARACCTECTTTGEAGCGGT TCCTCCGRAGRCTGCAGGTGCTGRAGTCC
A RVHLDA RS KTIRSVYVG K? PALZERTPFLRRLOQVYVTLI KS

ACGGTATTGCTGCGCARGGAATCCCGGAAGCTTATTGTCCAGCCCAACACTCGCCTGGAAGGCTCAGAAGTGCAACTTGTAGAGTATGRG
T V. L R X E S RKUILIVQPVNTHRTILESGSEUVQLVETYE

GCCTCAGCGGCTGGTCTCATCCGATCCTTCTGTGAACGGTTTCCGGAGGATGGGCCTGAGTTGGACGGRGETTCTTACCCAGCTGGCCRACA
A S AARARGLIRST FCETRT FPEDGTPETLTEEVTLTZ Q®LAT

GCAGATGCTCAATTCTGGAGCGATCAGGTCCAGGAGGCCCCATCTGGCCAGECTTGRgaagatctgtgtggeat ctecect ttcatcaaa
A DAQT FWRDOQYQEAUPSG QA

ccagggctgtcetgtggecctgaat tgtgtttaggaggtgggggaagggeaggagetecggactttggtgetacctecagetgagggtggtga
tgctaaccccttecatttgteageactttecagtttaccattatgtectcatttectggatetgeactgecatetgtggtaggagetcaa

cagggtgcctagtctggttttcecaaatgggaaggtggcagttetgagaagtaactgttetagateccageaggtggeatgtgacagageea
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5 ! Relationship between residual enzyme activity and log [Zn**]. The assays were conducted in 100
wl of 50 mM phosphate buffer, pH 7.4, containing 900 pM~25 mM 2 ,6—pyridinedicarboxylate (-
PA) and 100 uM ZnSOa. After equilibration between apo—-DPPII and 2,6-PA for the Zn* ions
(60 min incubation at 25C), reactions for the enzyme activity were performed with the standard

enzyme assay.

5% 2 . Recombinant Dipeptidyl peptidase Il

cDNA :2653bp
CDS 1 29-2242
738 aminoacids
MW : 83033
pl . 4.94

SATI) =, A AT VY FTET
DPPII7 1 — > %58 L7 9 v I DPPII
cDNA OBEEEF) % SRy V7 BF— 5 %
4 LR2IORT. WET I VBRI, HEEES
DL ETRELLZSHEORTF FE—FHKL
72, 73/ BEFIOMERE T, BEOEER
B S#E LRE Y 87 B012322 40. 4% &
BOMRAEERLZOART, MICHAEZRT Y
UNIBRIEE Lol LELT I EBREYY
PIZ Zincin E3EELL 72 “HELLGH” EERIH»d 3
ZENS, BEFREETHSZAE LR, ¥
IRV BEIAFRXIETOHBEHPHFETH L
HSPCR o7z, BEA & ¥ OIS IZ N 5
TEHZRARD -0, Wk oiel (Ms5) %
RKpib A, K4=2.5x10°M CTHHA F v &
FELCBVHEAEZR L. —BRICSERZD
REERFII0M UTFICh %, 32 Ifbo&EE
ROMMEBRERIIRT. TRLOEEDPS

DPPILIZHSEEETH AL EXRHL NI - 72,
DPP I D&MD DRE

X-BABRBATICEY, ¥ V7 BONAKREE
PHLPICENTE, LA LEKNTHEORE
B2 Wo TABERZRTHE D PIIARHET, &
REBRTOEHOEIC L > TIAHHINS.
Zincin & # ML L 7z “HELLGH” #E H L T,
NBRF-PIR protein sequence database % &% L
el h, GBMETHLT U VKBILEER, b
VY77 VKBRS T === VT T
S VKBRS E o 72 K A—OBFIMAE L 2.
Zhick Yy “HELLGH™ BLH2s4E A€ F —
TJOWRESEVWERENL, IERERZIT-
P e AFVrEFOY Y (H450Y, H455
Y X, FVIIVEBETI=VETANTETY
B (E451A, E451D) ICE &2 B8R
FEELSIAI FRERERLREL, DPPIHE
HEWELA. B6iRT &L9HIZ, HELLGH €

S F—THOBEBRMAEH450Y, H455Y, E451 A %%

LU E451D iZ e ElE k7. —F, 2o
EF— 7D C-KEWMIZ, N-KIg» 5474% B D
TNVE I VBERK (EATAA, E474D) X, 'H
PEN S U C140%DEE R R L7203 L, At
DITNYIVBBEOERK (E493A, E493
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HasoELLGHass— Ea74— Esos—Escs—Esss

1404 l:[

Dipeptidyl Peptidase Il Activity(% of wild-type)
o]
(=]

L

452 DA DA DA DA DA Y Y
deletion E451 E474 E493 E508 ES55 HA50 H455

||
(<))

: Enzyme activity of rat DPP Il mutants in the cell
suspensions . DPP I activity in suspensions of
transfected E.coli cells is expressed as a percentage
of the wild-type DPPII activity. Measurements are
the mean of four or five independent cultures. The
means value for wild—type DPPII corresponds to
72.3 nmol/min - /mg of protein. The asterisks mean
not detectable.

D, E508A, E508D, E555A % & OF iZ E555
D) REHEORTERL, $IC508FHD 7 V%
IVBRET IS VICEESHRZ-ERAE (E508
A) BEoKERERER D72, ThHDE
BAROBEZRIEEDOEALICET X HELLGH &5 —
THD2MOCAF IV ETNVE I VBRSNS
508FHD7 VY I VEFEEICEBEES T 5
DEEZ, ThODOERBERLETHFE L5
LR ERAITRT. 450%FH L455FHO L R
FIOIOFRY INOBRITFREDEH A4 VD
FIZEIHIDIHL, SIFHI VI I VBOT T
ZVETANG X UBAOBEIL, WAt &
FUyNTELIGTIIRHLULIEFREBELTWSIZS
PhrbbY, ERICKEL. ZoBRITET—
THRHDZDOD RAF T VASHiRhA + VIZEALL,
TNy I VERITREERCES T BR L
TIIRTFF—ET7 I -4 (ApA® or

ApB®®), WD 3 DEALTIX, zincin EF —
T H195%E C-KEfMo IV y I VEETH B D,
DPPII T, ANEDO I VS I VEEDT 5=~
(E474A) LT AT ¥V (E474D)
NOEBRBEFIL, LICHERER L ZIZFAEOR
FALZEREER L7203 L, HELLGH &5 —
T 6535%%E C-RImMD IV 7 I VEE (Glu™)
DT 7=y ~DEHRER (E508A) 1, HEHA
* V7% 6 NI DPPINER R R - /2. ZOFERS
55 3 OERMT I /B HELLGH EF— 745
53FREC-KIFM 7NV y I VB (Glu™®) Th 5
LRI o .

DPP Il O i& DL D L A& T Bl

19974E, Goodwill &%, Fu ¥ v KEILEES
D X—i5 %% S IRNT 47>, HELLGH & F — 7 %%
ATV EBEMLTWAEZ EZHE LD, 7
3 DPPIN, F v ¥ Y KEALEERE & CH —F
FA T OFEWRALOT I/ BES] (A) & X-
MERBTOT— s P ORE SN2 —ETAL ¥
e FuY Y KBALBREOEREABMLEER
FbhEHETFER B) Ths. Fud KB
LKL 200N T I VBB CTHALLAF I D
BMICY—EF/ VXD 1 5FE3EOT I
BAFEL TR phb5 T, W&k, 4
YOEBRFEEICELLMAT, RUAEIZE
NEZNI00E LBEIC LRV ENOETEREL L 5
ZEHRFHEENS. - DPPI® HELLGH £
F—TWNOT7 I %2 0L 28K L zincin & 7
CHEFTIZ L7z L% —deletion ZEMAFIT K4 IR T
B2, ZRBIBEE (keo/bn) OEASHD1 L
B UBA L7 DS B RIRE R & 13T CBER L
FHREEEZRL, X-BERBITOST 2 R T
LHRERERY, DPPIRY—E€I 4 ¥ v EHEM
OFEHHMEELZ L HDDEEZ LN, BT

#< 3 ! Zinc dissociation constant in several metalloenzymes

Enzyme name K, (M) co—ordination residues

Carboxypeptidase A* 3x107™ His, His and Glu
(bovine)

Carbonic anhydrase® 3x107* His,His and His
(bovine)

Yeast aminopeptidase I *¥ 2.8x107® Asp, Asp, Asp, Glu and His
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Metal binding and active residues of DPP llI

A0 A A

Thermolysin HEx xH 19 E

20 A A

DPP Il HEx xH 52 E

L0 A A

Tyrosine HEx xH 39 E
hydroxylase

A ;Metal binding residues, ©;active residue

X7A

X7B:

Superposition of the zinc binding residues in ther-
molysin onto the active site in tyrosine hydroxy-
lase. In thermolysin, the yellow residues are His'*?,
His™®, and Glu'®® and the pink residue is Glu'*. In
tyrosine hydroxylase, the green residues are His*?,
His*" and Glu®™ and red residue is Glu®**?. This fig-
ure was generated from PDB files 1 HYT* and 1

w
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DPP Il

His455

¥y I Glu508
N\ | -
(202
’ V3
J HO—H- ~ "0 'Glu451
0 C
I *J o7
/O
R NH

X8

. The putative catalytic mechanism of DPPIIl deduced
from that of thermolysin proposed by Matthews®
and the site—directed mutagenesis studies on DPP
[Il. Substrate and water molecules are shown in red

and blue, respectively.

DPPIUI D HiH A 4 ¥ M —Afli 4 + > D\
MR OTHA F VICERL TITo BT AE
RIG AT MV ORERTIL, BV KRF IR
TFF—EC AP bR —F T4 ¥ ¥ LR,
ERAFVERMLTWARAF T Y (N) 21,
JNVE IV (0) & OHTITKRDT (O) (MU
A% & 5 2 LASE SNz, o 0GR
5 X 723 7 DPP I O P Lo i & fil A
RO PN Z K8 IZ/RY. —hH, Y—FEFA
VIBLPICHNKRFIRTFF—E A DA
F VBRI TN ETNORERETE R T AL L
ANz L, DPPIIOHAIE, 7% 5 Nz

TOH*
7 4 | Kinetic parameters and zinc contents of the mutated proteins
(Hais0E 451 LL45sGHuss———Esra———Eigs———Es0s———Ess5)
Mutant K. Boni Eal K, Zinc content
x10™ xSec” x10° mols/mol of protein
Wild-type 3.71+0.56 16.6 4.47 1.03+0.04
L*~deletion 2.36+0.09 1.75 0.74 0.96+0.04
E 451D not detectable 1.03+0.08
E 451 A not detectable 1.10+0.04
H450Y not detectable 0.10+£0.02
H455Y not detectable 0.07+0.03
E 474 D 2.83+0.24 24.1 8.51 0.93+0.03
E474 A 2.56+0.19 27.4 10.70 0.97+0.05
E 508 D 5.85+0.61 1.05 0. 17 0.43+0.10
E 508 A not detectable 0.07+0.05
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%< 5 | Kinetic parameters for Arg—Arg-NA and metal contents of various metallodipeptidyl pepti-

dasellls at pH 7.4
K Rea kel Ko metal content
x107 xs™! x10'M's™ atom/mol of protein
Zn*-DPPII 8.1+1.0 7.2+0.2 8.8 0.8+0.1
Co”-DPPII 8.2+0.9 7.0+0.1 8.5 1.0+0.1
Cu”-DPPII 9.9+1.1 10.1+0.3 10.2 1.1+0.1

2NV M ERRE S & D HEREE S L FIRROBERLAEN
PR AERLE (F5). Zhid, DPPI oM
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9 ! The putative leukotriene A4 hydrolase (L'TAs) binding cavity. a, Transparent surface representation of the pocket (in
green) with the bestatin molecule shown in red. b, Schematic representation of the proposed binding of LTA; into the

cavity.



BARHE

EFRRBEINRTWAERZ L2 ¥2#E L, DPPII
BED L) LR THBNICHFELTWLO,%H
LRI LW EEZTHAS.

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

—_

X 78

Handbook of Proteolytic Enzymes (2004) ed-
ited by Barrett AJ, Rawlings ND and Woessner
JF. Academic Press

Matthews BW and Weaver LH (1974) The
binding of lanthanides to thermolysin. Bio-
chemistry 18 : 1719-25.

Rees DC, Lewis M and Lipscomb WN (1983)
Refined crystal structure of carboxypeptidase

A at 1. 54 A resolution. J Mol Biol 168 : 367-87.

Schmid MF and Herriott JR (1976) Structure
of carboxypeptidase B at 2—8 A resolution. J
Mol Biol 1038 : 175-90.

Sutton BJ, Artymiuk PJ, Cordero—Borboa AE,
Little C, Phillips DC and Waley SG (1987) An
X -ray —crystallographic study of beta-laku-
tamase Il from Bacillus cereus at 0. 35 nm reso-
lution. Biochem J 248 : 181-8.

Hough E, Hansen LK, Birknes B, Jynge ¥,
Hansen S, Hordvik A, Little C, Dodson E and
Derewenda Z (1989) High-resolution (1.5 A)
crystal structure of phospholipase C from Ba-
cillus cereus. Nature 838 . 357-60.

Kim EE and Wyckoff HW (1990) Structure of
alkaline phosphatases. Clin Chim Acta 186 :
175-87.

Vallee BL and Auld DS (1990) Zinc Coordina-
tion, Function, and Structure of Zinc Enzymes

and Other Protein. Biochemistry 29 : 5647-59.

Kurisu G, Kinoshita T, Sugimoto A, Nagara A,
Kai Y, Kasai N and Harada S (1997) Structure
of the zinc endoprotease from Streptomyces
caespitosus. J Biochem (Tokyo) 121 : 304-8.
Springman EB, Angleton EL, Birkedal-Han-
sen H and Wart HE (1990) Multiple modes of
activation of latent human fibroblast collage-
nase : Evidence for the role of a Cys™ active—
site zinc complex in latency and a “cysteine
switch” mechanism for activation. Proc Natl
Acad Sci USA 87 : 364-8.

Jiang W and Bond JS (1992) Families of met-
alloendopeptidases and their relationships.
FEBS 312 : 110-4.

Hooper NM (1994) Families of zinc metal-
lopeptidases. FEBS Letters 354 : 1-6.
Dawlings ND and Barrett AJ (1995) Evolu-
tionary Families of Metallopeptidases. In

»

32(1)

'14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

2006 19

Methods in Enzymology 248, PP 183-228. eds.

Ellis 8 and Nuenke JM (1967) Dipeptidyl
arylamidase Il of the pituitary. Purification
and characterization. J Biol. Chem 242 : 4623
-9.

Lee C—~M and Snyder SH (1982) Dipeptidyl-
aminopeptidase Il of Rat Brain. J Biol Chem
257 : 12043-50.

Shimamori Y, Watanabe Y and Fujimoto Y
(1986) Purification and Characterization of
Dipeptidyl Aminopeptidase I from Human
Placenta. Chem. Pharm. Bull 34 : 3333-40.
Abramic M, Zubanovic, M and Vitale L (1988)
Dipeptidyl peptidase I from human erythro-
cytes. Biol. Chem. Hoppe—-Seyler 369 : 29-38.
Gorenstein C and Snyder SH (1980) Enkepha-
rinases. Proc. R. Soc. Lond. B Biol. Sci 210 :
123-32.

Kokubu T, Akutsu H, Fujimoto S, Ueda E, Hi-
wada K and Yamamura Y (1969) Purification
and properties of endopeptidase from rabbit
red cells and its process of degradation of an-
giotensin. Biochim Biophys Acta 191 : 668-76.
Fukasawa K, Fukasawa KM, Kanai M, Fujii S,
Hirose J and Harada M (1998) Dipeptidyl pep-
tidase Il is a zinc metallo-exopeptidase. Bio-
chem J 329 : 275-82.

Fukasawa K, Fukasawa KM, Iwamoto H and
Hirose J (1999) HELLGH motif of rat Liver
Dipeptidyl peptidase Il is involved in zinc coor-
dination and the catalytic activity of the en-
zyme. Biochemistry 38 . 8299-303.

Vazeux G, Wang J, Corvol P and Llorens-—
Cortes C. (1996) Identification of residues es-
sential for catalytic activity and zinc coordina-
tion in Aminopeptidase A. J Biol Chem 271 :
9069-74.

Fukasawa KM, Fukasawa K, Kanai M, Fujii S
and Harada M (1996) Molecular cloning and
expression of rat liver Aminopeptidase B. J
Biol Chem 271 : 30731-5.

Fukasawa KM, Fukasawa K, Harada M, Hi-
rose J, Izumi T and Shimizu T (1999)
Aminopeptidase B is structurally related to
leukotoriene—A; hydrolase but is not a bifunc-
tional enzyme with epoxide hydrolase activity.
Biochem J 339 : 497-502.

Goodwill KE, Sabatier C, Marks C, Raag R,
Fitzpatrick PF and Stevens RC (1997) Crystal
structure of tyrosine hydroxylase at 2.3 A and
its implications for inherited neurodegenera-
tive diseases. Nat Struct Biol 4 : 578—85.



20 R | Identification of novel zine binding motif on DPPII

26) Monzing AF and Matthews BW (1984) Binding

of N - carboxymethyl dipeptide inhibitors to
thermolysin determined by x-ray crystallogra-
phy : anovel class of transition—site analogues
for zinc peptidases. Biochemistry 238 : 5724-9.
27) Hirose J, Iwamoto H, Nagao I, Enmyo K,
Sugao H, Kanemitsu N, Tkeda K, Takeda M,
Inoue M, Ikeda T, Matsuura F, Fukasawa KM
and Fukasawa K (2001) Characterization of

metal ~ substituted dipeptidyl peptidase I
(Rat liver) . Biochemistry 40 @ 11860-5.

28) Hirose J, Kamigakiuchi H, Iwamoto H, Fujii H,
Nakai M, Takenaka M, Kataoka R, Sugawara
M, Yamamoto S and Fukasawa KM (2004) The
metal-binding motif of dipeptidy! peptidase IIT
directly influences the enzyme activity in the
copper derivative of dipeptidyl peptidase III.
Arch Biochem Biophs 431 : 1-8.

29) Rosenberg RC, Root CA, Bernstein PK and
Gray HB (1975) Spectral studies of copper
() carboxypeptidase A and related model

complexes. J Am Chem Soc 97 : 2092-6.

30) Rosenberg RC, Root CA and Gry HB (1975)
Electronic spectral and magnetic susceptibility
studies of nickel (II) and cobalt (II) car-
boxypeptidase A complexes. J Am Chem Soc
97 : 21-6.

31) Auld DS, Geoghegan K, Galdes A and Vallee
BL (1986) Rapid-scanning cryospectroscopy of
enzyme-substrate —inhibitor complexes of co-
balt carboxypeptidase A. Biochemistry 25 .
5156-9.

32) Holmquist B and Vallee BL. (1974) Metal sub-
stitutions and inhibition of thermolysin : Spec-
tra of the cobalt enzyme. J Biol Chem 249 :
4601-7.

33) Thunnissen MMGM, Nordlund P and Haegg-
strom JZ (2001) Crystal structure of human
leukotriene A, hydrolgase, a bifunctional en-
zyme in influammation. Nature Strl Boil 8 :
131-5.

34) Thunnissen MMGM, Andersson B, Samuelsson

~B, Wong C-H and Haeggstrém JZ (2002) Crys-
tal structures of leukotriene A4 hydrolase in
complex wiyh captopril and two competitive
tight-binding inhibitors. FASEB J 16 : 1648—

50.
35) Rudberg PC, Tholander F, Thunnissen MM

36)

37)

38)

39)

40)

41)

42)
43)
44)

45)

and Haeggstrom JZ (2002) Leukotriene A4 hy-
drolase/aminopeptidase. Glutamatre 271 is a
catalytic resaidue with specific roles in two dis-
tinct enzyme mechanisms. J Biol Chem 277 :
1398-404.

Rudberg PC, Tholander F, Thunnissen MM,
Samuelsson B and Haeggstrém JZ (2002) Leu-
kotriene A4 hydrolase : selective abrogation of

leukotriene B4 formation by mutation of as-
partic acid 375. Pro Natl Acad Sci USA 99 :
4215-20.

Rozenfeld R, Iturrioz X, Okada M, Maigret B
and Llorens—Cortes C (2003) Contribution of
molecular modeling and site—directed mutage-
nesis to the identification of a new residue, glu-
tamate 215, involved in the exopeptidase speci-
ficity of Aminopeptidase A. Biochemistry 42 :
14785-93.

Rozenfeld R, Iturrioz X, Maigret B and Llorens
—Cortes C (2002) Contribution of molecular
modeling and site—directed mutagenesis to the
identification of two structural residues, Arg—
220 and Asp-227, in Aminopeptidase A. J Biol
Chem 277 : 29242-52.

Mazzocco C, Fukasawa KM, Raymond A-A
and Puiroux J (2001) Purification, partial se-
quencing and characterization of an insect
membrane dipeptidyl aminopeptidase that de-
grades the insect neuropeptide proctolin. Eur J
Biochem 268 . 4940-9.

Mazzocco C, Fukasawa KM, Auguste P and
Puiroux J (2003) Characterization of a func-
tionally expressed dipeptidyl aminopeptidase
M from Drosophila melanogaster. Eur J Bio-
chem 270 . 3074-82.

Mazzoceo C, Gillibert—Duplantier J, Neaud V,
Fukasawa KM, Claverol S, Bonneu M and Pui-
roux J (2006) Identification and characteriza-
tion of two dipeptidyl-peptidase Il isoforms in
Drosophila melanogaster. FEBS J 273 © 1056-
64.

Coleman JE and Vallee BL (1961) J Biol
Chem 236 . 2244-9.

Lindskog S and Nyman PO (1964) Biochim
Biophys Acta 85 : 462-74.

Robhm KH (1985) Matal binding to yeast
aminopeptidase I. Eur J Biochem 146 : 633-9.
Matthews BW (1988) Structural basia of the
action of thermolysin and related zinc pepti-
dase. Acc Chem Res 21 : 333-40.



