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Analysis of an enzymatic reaction mechanism by enzyme
kinetics and computational chemistry
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ABSTRACT

To get the information of the ternary complex (Michaelis complex) that
consists of the substrate and the enzyme, the computational chemistry is
very useful. The aminoacid sequence of the active site of leukotriene A4
hydrolase is very similar to that of aminopeptidase B. On the basis of
the 3D structure of leukotriene A4 hydrolase, docking simulation of
leukotriene A4 hydrolase with the substrate of aminopeptidase B showed
the important residues involved in the expression of aminopeptidase
B activity. These important residues involved in the recognition of
the substrate binding of aminopeptidase B were determined by the
point mutation. Latanoprost and timolol are used in the treatment of
glaucoma. The effect of these drugs on the activity of human-carbonic
anhydrase I and II were determined by the enzyme kinetics. Latanoprost
is the inihibitor and timolol is the activator. Docking simulation of
latanoprost and timolol with human-carbonic anhydrase I and II showed
that latanoprost binds to the narrow active site cavity and that timolol
binds to the entrance of the active site. The 3D structure modeling
of rat-dipeptidylpeptidase 111 was performed by a Swiss-MODEL
homology modeling server using human dipeptidylpeptidase I11
structure. The 3D structure model of catalytic domain of rat-dipeptidyl
peptidase III shows that the carboxyl oxygen atoms of Glu™’ and Glu’"
are respectively engaged in the hydrogen bonds with the nitrogen atoms

of the imidazole rings of His*’ and His*", and these hydrogen bonds
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stabilize the coordination bond between the zinc ion and His™ or His™".



[FC®IC

B9 20 FEHFTT/R DM FEEARLRF T ARER T ERNC R E L TEMEL 2 & &
FARKE BN S8 > T TS MBS i C e A4 IR B KB BUR 1T T W e 7 — <1
i1 4> #FDOEV IV E BB R 2V, BREEEDERT 20T ARz A
EMIICERNTR A D EN RV EFEO2BDTHo7, LirL. BEYEHEILEEZED
FORIRIEFICR L, £EEED 1 DN 0, LI o NRGIKRTH > 2D TERRRNS, i
DHETIEI AT ZAHRERERZ S FN kN> . ZOEBEENSIREINZT—

B AENRILR 2 REE D T > EFRADMITTR D il 72, & 5 EL P2 T X MR

TRNTER i 7 & TRER SN 2Bk U TW B A L7 E0, BT 130 B
SRR O SR H BRI B IIIZET R E OB T 2 b 5D EHD FH AR~ &5
SN FICRVHIRE 5 A2 72, FAZT D T AMAEEKRF DGR AE & ST B2 K-
BB RONEE R - SRR EOFIEEMAGDORE THEZTT> TV, TNICRSED
FHEALZE R MA U 72720 D ORI S EBnWD W, I T, HERO/NTFHE
BOREEDH /T, GRS AP R HMITRIA U, B R & I3 25
FewBMh Uiz, 20056 SE TOMICH S BEETITH O, BRI EE @ &R
EHAADELEMIE E BERETFOLOEGDENT 6 MOML LD, IS ORE
—i& F & OHREL (SR 7)) NBITEHFEEF TH D, ZOKMmIE. D 5 EMOMFERRT
HHELR D) ~6)2ELDHDTH S,

Foxld, SO RO REER OBE KRR E RN SN R L, SHELETHES N
FERZ AR IR U, BRSO OMIAICEITES LTS, T UTHIE X
DEDDHEERANWTI ALY AQIGH R DG DHEEITHE L TED E LTV,

. RyFryIal—2a Btk aBERNTFEEROME EBERGEEmRE D&
7= RE R O e,
2. FHREALEAIC K B EEE T OV D ERAL R BRI 28 SR O ST AR i 781

P EDGR TR %,

1. FyFdrooiab—oarVieRA0 e BRPORESIUHEES - EHLHOES
B ORE

-1 RyFodo2alb—2avICEd7I/RIFS—FEBHhHOHEERHICESTIRE
DR

HESE, SV DT I JIXRTFHY—E B (ApB) D—RIEEEH SN L. ZOEERE

R 72 W SR £ F — 7 BL %] (HEXXH...E) 2 DOX T F ¥ —tvTHrHEZH5 ML Y,



Fox CHEES OIFEFZEICED. ApBIZEEND L EHTFOHESH 7 > 2V E BT DFHIC
5L TWSHEZRGHLEZY, L TApBICBWTHM A U ICENMT S EEbN 2%
EBAZRF AT AR S, BEREN: - B EENET S I & T, A 4 TS 2% %
Brg Uz Hh&E-1 4 > ORI, BT F—7 Lo His™ & His™, 2L CTHidhks
HBEF—T7M5 19BEI BN G Thoz?, £/, HIkEETF— 70 His™ ORIC
TFET 5 Glu™” 13, BERIEMEORICHATH D EETFHLZ M,

TI)RTFHY—YBIE. HETHZRXTFROY I/ Kiizi#%L. £EO7 I J K
ME 1 RETORTF RIS ENKSEL TUOBIEERTHD, 7/ KuiH Arg ® Lys
12 EDIEBEM ZFFORIEICHWIEEZ R THENA SN TS 'V ApB O X & S T X
NWEEFTONTEST, ApPBIZEE THERTF ROT I/ KiiD EB w2 & ORRIZFEH L.
FERMICT 2 RIGOMIEHD Arg % Lys 72 E QBN & E ORIGRIRMICERH T 2 00
FHTH 7, T TApB FOEDEENELEDT I/ RIKD EER &M D FER %
I B, EMARRAAROTFHEEZAWTHSMILED &L,

B4l HETHAHIRTFROT I JRMOT I/ HOEBEM & MIEE O IEEM 2RI
BT 2ONBBEFOREBEWMER SDERETHLEEAT, TL T, TRUITRODEAILR
FINEEESZGlun Asp THAIEZT THDHEFHLEZ, LML, ApBHDOED Glu®
Asp ZEIRF RICAEBR I B 5 BTS20, £ 2T X R RSt Hn T
W3O 38 T A4 fIKEEE (LTA4H) 25E12L7= ", LTA4H3, ApB D7 2 /M

256

Rat-ApB 244 PRSRVWAEPCLIEAAKEEYNG-VIEEFLATGEKLFGP-YVWGRYDLLFMP
Rat-LTA4H 216 PRTLVWSEKEQVEKSAYEFS--ETESMLKIAEDLGGP-YVWGQYDLLVLP

TS/ KnBHEF—T BWAA VREEEF—T
300 328
1 ¥ 32l41 U
Rat-ApB 202 PSFPHGGMENPCLTFVTPCLLAGDR----S--~~- LADVIIHEISHPEWFG
Rat-LTA4H 263 PSFPY|IGGMENPCLTFVTPTLLAGDK---=S-=--- LSNVIAHEISHEWTG
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Rat-ApB 333 NLVTNANWGEFWLNEGFTMYAQRRISTILFGAAYTCLEAATGRALLRQHM
Rat-LTA4H 304 NLVTNKTWDHFWLNEGHTVYLERHICGRLFGEKFRHFNALGGWGELQNSV
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H n 11
Rat-ApB 383 DVSGEENPLNKLRVKIEPGVDPDDTYNET KGYCFVSYLAHLVGDQEQ
Rat-LTA4H 354 KTFGETHPFTKLVVDLTD-IDPDVAYSSVPYEKGFALLFYLEQLLGGPEI

375

Fig.1 Alignment of the rat ApB amino acid sequence with those of rat LTA4H. Mutated amino
acid residues are denoted by arrows. The conserved motifs and tyrsyl residue in a mono-zinc

aminopeptidase are shown by box on those amino acid sequences.
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Table 1 Kinetic Parameters for Wild-Type and Mutated ApBs®”.

Kn Feeat kea/ K
(x10° M) (D) M's™
Wild-type 8.8+1.3 54.142.5 6.2x10°
E256Q 9.942.7 51.842.4 5.2x10°
E260Q 6.2+1.4 12.0£0.9 1.9x10°
E267Q 11.942.0 24.1+0.6 2.0x10°
E268Q 6.4+0.6 11.7+0.5 1.8x10°
E300Q ND”
D315N 12.5+1.4 38.0+2.9 3.0x10°
E387Q 10.9+0.8 60.0+1.4 5.6x10°
E388Q 11.1+2.3 53.3+1.5 4.8x10°
D405N 12.3+1.2 2.1£0.03 1.7x10*
D406N 3.040.5 19.6+0.7 6.6x10°
E410Q 12.8+2.8 6.3+0.5 5.0x10*
E414Q 38.4+1.8 13.5+0.3 3.5x10*

* Data are means=SD of two separate experiments with duplicate determinations.

" not detectable.
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Fig. 2 The most favorable interaction mode of Arginyl-p-naphythylamide with Leukotriene A4
hydrolase obtained from a docking simulation using by Autodock 3.0.5. The carbonyl group of
Arg-B-NA is bound to the zinc ion. The interatomic distance between the oxygen of the carbonyl
group and the zinc atom is 2.03 A. The terminal amino group of Arg-B-NA is bound to GIn136
and Glu271. In addition, the guanidino group of Arg-p-NA is bound to Asp375 in LTA4H. Because
the distances between nitrogen atoms of these groups in Arg-p-NA and corresponding oxygen
atoms of amino acid residues in LTA4H are 2.73 ~2.78 A , these interactions are hydrogen bond.



PA b D EBAL Ry FL 28 FLAR DB FATE M DWERE S & ApB FALIEEFR O LTA4H ITH 9 5 5E
(Arg-B-NA) D Ry F 273 al—a U ERNS, ApB EHBETH D Arg-B-NA & DFES

E5F)LZ TFHRIL Fig. 3 1R 7=.
\éii/
\NH

o _o

0 NH: +

GIn170 .

NH

Glu300

Glu 325

His 328
Glu 347 His 324

Fig. 3 Models for the relationships between substrate and ApB. The guanidine in the substrate
is bound to the negative charged Asp405 in the wild-type ApB (a) and the amino group in the
substrate bound to Glu405 in the mutant D40SE
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Table 2 Kinetic parameters for Arg-p-NA and metal contents of various metallo- Aminopeptidases
BatpH7.4 25°C)

Specific metal
Kn keat keat/ Km .
actvity contents
4 0 (x10’ . (atom/ mole
(x107 M) (min™) 0 (Unit/mg) .
M 'min") of protein)
ApB 2.67 3,186 1.193 12.5 (100%) 1.01
Co(I)-ApB 1.83 4,168 2.278 9.9 (79%) 0.93
Cu(I)-ApB - - - 0.10 (1%) 0.80

ApBHOHEEA F > & 2NV " F 2 0HA F D ICEBEEWMAZERERITBNT, @EA
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[IEEZE R O A > 281 A > TiE#h U7z Thermolysin & JEHIZRITUW /=, Thermolysin H
DA F NIBATE 4 TR DE G 25D 2 &2 X ks s casnN Tns 0T,
ApB F DA F > 6 Z OREIREAIEE 2D 2 &9V o 7=, Fig. 4B-(a) 12, Cu(Il)-ApB O
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BSMMZ U7z, 2T Cu(ll)-ApB IZHBETH S Arg-B-NA N+ Ik ET D80 (Ka D
BAELL EOFEEEE) T, Arg-B-NA Z2h1A T Cu(Il)-ApB IZ Arg-B-NA DSHEE T HMEI Mz
EPR ZXRZ7 MVZEMWTHE L7z, HEZ Ko EOK S 15D 1 mM Z iz 72D Cu(I1)-ApB
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Fig. 4. The EPR spectra of Cu(I1)-ApB and the substrate-adduct of Cu(II)-ApB in the presence
of 1 mM Arg-p-NA at liquid nitrogen temperature in 0.05 M Tris-HCI buffer (0.075 M NaCl) at
pH 7.4.

(A) The EPR spectrum between 245 and 345 mT. (a) the EPR spectrum of Cu(II)-ApB, (b) the
EPR spectrum of the substrate-adduct of Cu(II)-ApB in the presence of 1 mM Arg-NA .

(B) The EPR spectrum between 295 and 345 mT. (a) the EPR spectrum of Cu(Il)-ApB, (b) the
EPR spectrum of the substrate-adduct of Cu(II)-ApB in the presence of 1 mM Arg-NA. The peak
positions of the superfine structure in the perpendicular region of the EPR spectra of Cu(1l)-ApB
and the substrate-adduct of Cu(II)-Ap-B are represented as short lines in panel B.
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Table 3 EPR Parameters of Cu(Il)-Peptidases

gL g Aur
(x10* em™)

Cu(IT)-ApB” 2.06 2.27 157
Cu(I)-ApB + Arg-p-NA? 2.06 2.27 164
Cu(ID)-dipeptidyl peptidase 111" 2.07 2.27 167
Cu(Il)-Leud53-deleted-dipeptidyl peptidase 11 2.06 2.27 161
Cu(Il)-thermolysin® 2.06 2.26 163
Cu(IT)-carboxypeptidase A” 2.05 2.33 115

“Reference 2) ” Reference 19) “Reference 20) “ Reference 21) © Reference 22)
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Fig. 5 v-s and v-v/s plots in Carbonic Anhydrase I (HCA I).

A. Relationship between v and s.

The enzyme reaction was monitored in 0.01 M HEPES buffer (pH 7,4, I=0.1(Na:SO4)) containing
p-nitrophenol (3x10° M) at 25 °C . The concentration of latanoprost free acid was as follows: -e-
0M;-A-7.6x10° M; -m- 2.53x10™ M.

B. v-v/s plots

The concentration of latanoprost free acid was as follows: -e- 0 M ; - A- 7.6x10° M; -m- 2.53x10™* M
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DILFEEHEIFAN SN, HRITHCAL &2 <[FU TERFHEERLZ. S5 NZHEE
7z Table 4 1289, 54 /70X NI, IEHIICEEE TH 2 B b D I/K iz Bl
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Table 4. Inhibition constants (Ki) and inhibition mechanism of latanoprost free acid studied in 0.01
M HEPES buffer (I=0.1) at 25 °C (+ indicates standard deviations).

Ki (mM)
Carbonic anhydrase I (HCA I) Carbonic anhydrase I (HCA II)
Latanoprost free acid 0.24 (+0.11) 2.3 (+0.11)
Noncompetitive Noncompetitive

TLENHS NI T2,

7% 7 70AMIEDRITKIEBKBERICHG L, EEZHET S0 2MEd 2 HT,
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BHELTWE, Z0XIIZ, 947702 MIRETH 5 @ bixkFEE2ITETAIE DTS
BRWEDITU T, REBUKBEROIEM ZHET 2 H:0 0oz, ik DA F 213 HCA O
W1 A ks S UIEREPIICTEE 2 HE T 5. 2L T, A1 A > SR EIIFRF ISR 4
CIHKEG L. ARIRER LD EEZENTNS, ThWA, 5%/ 7OA NHMORA 4

S54/70Xk

Fig. 6 Autodock simulation of latanoprost free acid-HCA I complex

A: Most favorable interaction mode latanoprost free acid with HCA I (PDB code:1HUH)
obtained from a docking simulation using AutoDock 3.0.5. The Zn’* ion and latanoprost are
shown as a sphere and a ball and stick model, respectively. Thea-helix and the p-sheet regions
are shown as a ribbon model. In addition, the carbonyl group of latanoprost free acid is bound to
Zn* ion in HCAIL.

B: Most favorable interaction mode latanoprost free acid with HCA I. HCA I and latanoprost
are shown as a sphere model and a ball-stick model, respectively. Latanoprost locates at the

narrow cavity of the active site in HCA 1.
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SRR SRS A & B EEDNA HCAIICH L TH S5 /) JOA M2 Ry F /30
L—2a>U7n™, 3F HCA T LR ENE Nz, ULEOKENS S5 /7 7TOX
WREEIKBEE ZHET 5720, BRICBWTRBIKBEERERNE S ) 70 b2 Rk
B LESETIE. MRAMCEBSREANEORIEZKRES 20 L Ebh b,

1-3-2 FEO—IVICKDREBKBREEOEECBBORyF /32— 32Tk
Y. 1)

REEMKEER I LT NEREETH D FEO—)L G BEWH) OFEER
At U7ze IREEMIKEEFE OIEVEIX, FETH 2 kK E pH BRIED S N REMHE A 550
PR 2 D IRIGRBDRIE IS > THREES 270 b 22X % pH 2k % pH AFE O A3
ZELTRA My b 70— ICK VBT ZETRELE Y,

HEATH2 BLREOEREZ ~C IR EETTFETO—)VIBEEL(LI . REHIKE
FEMHICH T2 FE0—)LOFBERF Lz, TORRZE Fig. 7 ITR LU,

Fig. 7 lITB W\ T, REMI/KEESE HCA 1 & HCA I IZFEO—)LVIc k> TIELE N5 &
ENGrinotz, ZAUITY ) TOX SDBERIGHEEZHET S0 L3 2<HOMRTH > /.
ZOFEREMEND D702, HCATIZH L THEORE L FEO—)LORE % FRIRHCE LS
B, LT (D RBEITQ)RIHENL, v —s7Oy b ,v—vs 7Oy bER->HE, £0
fER % Fig. 8 1Z/R L7z, Fig. BAIZBWVWT, FEO—IJLDEEZ LT 2 EBREEN EF L.
TP A FE O — VI REE K EE R DTG 2 IG5 2 ENHS M &> 7z, Fig. 8BD v
— s 70Oy MNI—EDHEE 2o ZEBIT/RD, FEO—)LORENELZDITDOINT Vi

Relative Activity (%)

50 B

0
10° 0. 0001 0. 001 0.01

Concentration of Timolol (M)

Fig. 7 The activation of HCA I and II hydration activities in the presence of various
concentrations of timolol.

The relative activity of HCA I or HCA II in the presence of timolol compared to that in the
absence of timolol (((v in the presence of timolol)/(v in the absence of timolol))x100%) is plotted
against the concentrations of timolol.

-e- HCAI -A- HCAII
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Fig. 8 v-s and v-w/s plots in HCA I and HCA 11.

A. Relationship between v and s in HCA L.

The enzyme reaction was monitored in 0.01 M HEPES buffer (pH 7.4, [=0.1(Na:SOs4)) containing
phenol red (3x10° M) at 25°C . The concentrations of timolol hemihydrate were as follows: -e- 0
M ; -m- 1.5x10”° M; - A - 3.0x10” M.

B. v-v/s plots in HCA 1

The concentrations of timolol hemihydrate were as follows: -e- 0 M ; -m- 1.5x10° M; - A - 3.0x10” M.

DHMWRELBDEZERU, Kn [T ESFEEBEGZABVWENGN S, TNPYAIT, FEO—
I REE /K B 2 1 U CIERE T RIS (LAl CTh 5 F 2R L Tz, [ABkIRSEEZ HCA 11
I L THITW, A CHERNMEONZOTING OBHG%Z KIGHEERINGELS ZOICFE0—
)L DEEFEITHKT B i % KD Scheme 1 D& HI12E A7,

Scheme 1 ICHBWTEIIMHFEE, SIFREEZ, ARG LA TH2FEO—)LE, PIIMEL
MEENFNTRYT, BE LEEGEKTH D ES NEEMIT RS NDEEER (k) 13, 35
HE - RIE LA OE SR TH 5 ESA DSEEMICHRI NS HEERK (ak) TR -> TN,
Scheme 1 IZBNTald, 1.0LDKEVWEEZSND, ITRDODEFEO—INERITHES

+ A E + S
Ky Ks
En Es K2, E + p
KS‘ KA,
+ S + A
ESA
l o k2
E+ P+ A
k. EIAL | [ESIAl | _ [ES]  ,_[EAIS]

AT [EAl TAT [ESA] ° [ES] ' [ESA]
Scheme 1. The activation mechanism of timolol for HCA hydration activity.

E, S, P, and A are the enzyme, the substrate, the product and the activator, respectively.
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D&, AL TWRWHDXIDFESLHEZEEYICHRT 2HE2EKT 5,
Sheme 1 {IZBWNWT, A PERAEMER AL L. KSKa DY KsKa I L <. Ka DY KN IZ55 L

WIBBITEROADAL T D 7,

(1+a[A]/Ka)
Max T+ [AVK) S

y=— AN (3

S+Kn
ZORIF., FEO-NTHLMIHEEYE A ZNMA D E Ve 1T DD, Kn 32 <EME
LianEzRLTWS, 2N A1 ZOMHNAIT Fig. 8A, 8B OEBRFEZISHATESH
MWonotz. ZO (3) % Fig. 8A OFERICHA I THEAEL. o EFEO—)LOMREEELK Ka
2HEWDE, ZOfEIE HCAT Tid. Ka(0.012 M), a (5.7) &£720, HCAII Tld. Ka(0.0091 M),
a(4.0) 75572, HCAT BEIU HCA I OWTHIZBNWTH, BEH - A - FEO—IILESIK
MWEEE - HREEGHREID 4 ~ 6 5l < ELMEELCD2ENG Mo Tz,

FEO—)VIT E ORI BRI KEE BRI K& LB RIS M 2 RIS (LT 50 2 REd 2 HIWT,
FEO—)ZRENKESR HCAD ICRyF>F3al—arlik, TOEE Fig. 9
IR FE O =)W R TIKEE S OIEPEERALD cavity DT <HMUNZFIET S His™ 5&E DT
KA L. REBIUKEEEDBERIEE 2 FB T 2 3 0iC, His" BEMWLEOKSFi27 0 b
> EFETHEEMNER 2 FEO— IV FENT T 5T, REETKEE# ORI 2 Gk
TELENIGMND T,

PRI KEESR HCA 1 DGV Z2 FE0 —)LAMRIEL T 5 A =X % Fig. 10 1ITR U7z, High
A F NHEG UK TR 1 A > @ Lewis O & L TOMWEICEDIEHELEN SO b >

FEA—IL

Fig. 9 Autodock simulation of timolol acid-HCA I complex

A: Most favorable interaction mode latanoprost free acid with HCA I (PDB code:1HUH) obtained
from a docking simulation using AutoDock 3.0.5. The Zn’* ion and timolol are shown as a sphere
and a ball-stick model, respectively. The a-helix and the B-sheet regions are shown as a ribbon
model. In addition, timolo is nearly bound to His 64 which is the proton shuttle residue in HCA 1.
B: Most favorable interaction mode timolol with HCA I. HCA I and timolol are shown as a
sphere model and a ball-stick model. Timolol locates at the entrance of the active site in HCA.
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ElEEET B, WA A OB AFHICHALT 2 LR FEIC, K FNSs7 0N NRDE
SNKBEFENBEREL, REEA A > EROEEMETR D, KT OSlEREL 270 k2%
TEVEERAL DFRILIC TIE S N, BRKINIC His™ IR AT 5. His® ITHEE L7270 b 35 ERIC
B DI FORBEG P OWILITIEI N DD, ZORIEH HCA ORIGDEGEEE TH 5 EEh
NTW%, FEO-IDEET S E His™ O IHEAL. FEO—-)VHRE L TotEz
FoZEms, 7Ob 2 2FERZUROBEGEZRIGLT 2 EE8Ebhs ¥,
PLEORERE D, FEO—IVTRETIKESEDOIIELAITH 2 DT, RNEIREE TH 5 K
ik RILEA S FEO—)L 2 ARG T 2 &, REHKBEZREEFORMITEHEIN
TUESnRE &R L 7=,

Fig. 10 Activation mechanism of timolol for hydration activity of carbodioxide in HCA I.

2. FHEALRIC L BBRRVZDEBUFRNZEREDIFEE T

2-1 Rat-Dipeptidyl Peptidase Il HDEE GIU*" LU GIU*? (X His BE EEIRA 7+ > DEL
fIEAEREMARLTWE —5HE{LZICK B Rat-Dipeptidyl Peptidase Il DI {F#EiED
#HE-—°

Fx 37 2 KN PRTF RZ2G) 0 HT rat-Dipeptidyl Peptidase 111 (rat-DPP III) @7 3

JEBEREHNZH ST L, C OREEEE OIS G T — 7 (HEXXH.E) 2% 5 —FKH

- 7= FF R H £ F — 7R ¥ (HELLGH(450-455)) 25D 2% K, L 7= **, Rat-DPP III |Z

BT 75 2T BT U 7= B8 Arg-Arg-B-naphthylamide(Arg-Arg-B-NA) 1256 U CHE B BAIED H

2Y

Rat-DPP Il O Z OFFFRASHEF — TESNCH 1 A > DEG L TOWENE DN EH D7
12, < O RARKEMER L. Hihr 4 255 - BREEZHAE LR, #fil
1 F ZiE His™ B LU His™ 2 LT Gl 2 EffE S L TWBHENSn- 7= 20,
HINRTF Y —EHOHMA 4 3L DESSEA A ICES WA DENH DN, E
WO E T — 7 EF (HEXXH) 2R DMigh X 7' F & —EH OWigh 1 4 > 281 4 2 ICEE
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WMADE WHEERS>TLES., UL, #Hi#daafishts — 75 (HELLGH(450-455)) % £f
D rat-DPP 111 D1 o+ > @EHRIZ, KARDEEFE DK 40% OBEFRIEMHZ /R L " Bk
T, yeast-DPP 111 35 & OF human-DPP 111 @ X #iE S A& AT A3/ S 1. DPP I 7 ARSE
RIS N/, % 2T human-DPP Il (rat-DPP Il & D7 3/ BEECHIMEFINE 94%) 7ARHEIEIC
HDE, rat-DPP I O VKRS 2 TR TTRIL 2o 3R SN/ rat-DPP I OIEPEERAL D AE
K% & Fig. 11 1R7 ¥,

Fig. 11 Molecular modeling of catalytic cavity of rat DPP III. Model was generated as a template

of the human DPP III X-ray structure. Zinc ion is showed as a sphere, catalytic amino acid

. . . 455 . 450 451 508: . . . .
residues as a stick (His™, His™", Glu™, and Glu™), and other related amino acid side chains as

stick

rat-DPP 11l D\TARKHEIEICE DWW T, B GO 2 H 2 72D, WEIEEAAHEICEE T 54
Bz 572 Glu BEU Asp ZHET &, Asp’, Asp””, Asp™, GIW*7, GIu’”? DB R S /=,
FZ T, Glu(E) 2RI UER &2 D Asp(D) KVER D720 Ala(A) 1T S A 72 504 A
FURZAERR L. £E Arg-Arg-naphthylamide(Arg-Arg-NA) Z W CERERTEMEZTE L 72, Asp
KO Glu % Ala ICiE A 72856, KE<BREEZEK TSI EZ0IE,. Asp™, Glu™, Glu™ T
Hole TITINS DEBKOHINEHEEBRIEEEZREL. TOHEZE Table 5 1T/RL
7z

Glu™ & Glu’"” % Asp, Ala IZEITES BRIGEIR AT D &, BERIEME CBER P O S E B25FH
FRCKRESEFT D2 EMD Mo/, ZOREXD. G’ & Gl Tl 4 > O EIT7x
WEMMDEELZEZ TADSHENHEE SN/, Fig. 111I2BNWT G’ & Glu’ IdHsh1 4 12
Bl 9 % His 5D < ICHEIET %, His™ KU His*™ 01 24 —)VBROZEHEF T & Glu™”
E G D AIVIRF IV DR % | rat-DPP I O NSRS IC B W THIo 72 2 A28 ATH D,
KEHEA L TOWBEN MO 2, TAWZ, G’ & Gl 13, Ji#h 4 >ICEALT % His 7%
HEKFEMRAE LT, ORI ZZELS BH#ERT A 2 ITKT 5 His BRI OBRLKE & HE
EEDTNWD I ENGMho Tz,

Fig. 12 1ZBWVWT, G’ 1TiE. Lys®™ & Arg’’ AVKERAL THB O, F/= Glu’? 12id Asn™
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Table 5 Zinc content and relative rate of hydrolysis for Arg-Arg-$-NA or Phe-Arg-B-NA of wild-
type and mutated rat DPP IIIs

DPP IlIs Zinc Content Relative rate of hydrolysis
(Mol/mol of protein®) Arg-Arg-B-NA Phe-Arg-B-NA
% (umol/mg of protein”)
. 100 100
Wild-type 1.02+0.15
(39.543.1) (12.1+1.6)
D444E 0.81£0.13 66 95
D444A 0.82+0.11 24 11
E507D 0.65+0.07 38 8
E507A 0.29+0.04 4 0.9
E512D 0.45+0.06 49 47
E512A 0.08+0.01 3 3

“ Values are means+SD (n=3)
” Values are means+SD of two separate preparations of the wild-type enzymes with duplicate
determinations.

DKFEREAL TP, HEA 4 ITEALT 5 His™ BE U His*™ OFDITIIAKEEE %Y b
T— BRI N T Wz, TOKEMEFR Y T =213, WA 4 iM% His™ B &
U His™ Oz X A TH 0. His*™, His™ O 24— )VBOERFE T, Wik 4 Ik
LT NWE D Mz E2EEZ2H> TWd EBbNs, AWz, GV, G’ %
ERALAS BAIC AR T S & His™, His™ WAL EL I N THAT A 1S3 2805 < Ixd 7
D, NSO RMAERRIIHERZMEML TLES WREEZ R L. CNEHRET D7
DI, Gl BIUGIu’” % Asp, Ala ITHITRF RV R U - BER P O Hligh1 > O fiRifiE 5
ZRIE L. ZORER % Table 6 IR L7z, W NOIARFRERAD Glu 2 Asp 1T, 51T

Fig. 12 Molecular modeling of catalytic sites of the wild-type rat DPP III

The model was generated as a template of the human DPP III crystal structure. The zinc ion
is shown as a sphere, and amino acid side chains are shown as sticks.. Metal coordinates and
hydrogen bonds are indicated by dashed lines.
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Ala lZT B DN THEEER N REL 2D, T Asp IZHIVRF I IVENTEE L His FRE:
LIKFREOTDRENIND 20, Ala IIFZND R MNZDIT, Ala BIRAEIZE D K E0EH
A1 OFEEERERD Z &5 =,

INSHERIT. Gl & Gl OHIVRF I IVED A A 22T 5 His*™ & His™ @
AIFYV—IIBROBRITKE/KGL T, TORMBEZLEMIELFICLD, #Hhr 4>
ICKHT % His BRIEDENIFEAREN 2RO Tn S HERLEZ Y,

Table 6 Zinc dissociation constants of various mutated DPP IIIs at pH 7.4

Enzyme Zinc dissociation constant (M) Maximum activity (%)
(K9) (Vim)

Wild-type (4.5+0.1)x10™"* 100

E507D (1.0£0.2)x10™ 111

E507A (1.0+0.2)x10™® 170

E512D (1.4£0.1)x10™ 111

E512A (2.6£0.7)x10” 332

“ from previous manuscript 9)

® The hydrolyzing activity of each mutated enzymes toward Arg-Arg-B-NA is 100%.

PLl. Z D% Tl rat-DPP 1T ORI 2 human-DPP TIT ONTARRE S 2 55 12 5H 5 L% THl
AT, EEEAL COREREE XY NI = OBREMZRTIENTE ., UL, HET
H % Arg-Arg-p-NA O 2/ Kbt L D IEEF 2585 T 2 BRDBEITVWEZAHDOEET

D, BIERwF > 3al—2a  EEURRNARICID INSOERAEEZRKEL LD
EAABA TN D,

2-2 Rat-Dipeptidylpeptidase Il ZSRE & R T 2B R RGEB FRADOEBEDRE®S

#ari igh s &€ F — 7 HELLGH 25D rat-DPP III. KU RBHEHEEEF—T7 D

eu'™ & 1 DELD BRE — R TS & EF — 7#id 5 (HELGH) 12 L 7= rat-Leu* -delet-DPP 111
(rat-del-DPP III) IZWI N HEERIFEZRT, L., TS OBERF ORI 4 > 281 4
NTHE EHA B & rat-Cu(11)-DPP LI KARDEEE D 40% F2EOIGHEZRT A, rat-Cu(ll)-del-
DPP I 13522 ICiGE 2 LT 2 HE 2 FHR L

human-DPP IIT DS AAREEIZH D &, Leu™ ZHUV B\ 7z rat-DPP 11T 35 X U rat-del-DPP 11T
VARG A E 2= 23 al—2a ik OfEFELZE 2 A, 1EIF human-DPPIIT & [
Ui 2R/ U7z, 2 Fig 131057 %,

Rat-DPP 111 35 & U rat-del-DPP T 35 1) % i $nfs & 507 O LA O 2 RIT, fish#s &' T —
TESER D o — AUy 7 ZAFFITBR SN Tz, T3 % Figlda & blZ/RT . Fig 14 O rat-
DPP Il & rat-del-DPP 111 O Hi g 3 5L DO VEARHEIE 12 3B W T, rat-DPP LI OGP D FEHIZ &
95 His OE<HED Glu™ 138 J@A 4 2 ITEANL U 2Kk F 2GRS 2 E T, BRIEIERE

_18_



Fig. 13 Molecular modeling of rat-dipeptidyl peptidase I1I(rat-DPP III)
The model was generated as a template of the human DPP III crystal structure. The mainchain
was shown as a ribbon model.

WG THHEERBETHIENMSNTNS, Fig. 1412BNWT, HFEOKREIDOANY v 7
Z)—T % 5D rat-del-DPP 111 O Glu®' 12X, #a 72 dlighit & ©F — 7 HELLGH 2 £5D rat-
DPP 11T ® Glu™' 1. K&~ w7 2 —7 FICHEET S720. KE A F ITE DN
TW/z, Rat-DPP Il TIEHiSH1 4> & Gu® O AIVRF T HOBER T OEMIZ. 3.9 ATH
0. rat-del-DPPIII TiZ 49 A Th o7z, ZUL. rat-DPPIII Tid Glu® 23FEHET BN w7 R
o 5 FRHET—EHRT 2 BE LAY v 7 Ao L7200 Glu®™ WA A S ITEDERT
bl EEbns, ZOMEHDPPII & del-DPP I DN AREED K ERERTH - 7=,

CONABEEDOERDN, BEEOBACEZVWLTEDRICEET INZRMNT S HIW
T, AT ZABOREHFEEREI AR T T D720 kea N/NI NWIE TH 5 Lys-Ala-B-
naphthylamide(Lys-Ala-B-NA) Z## L. rat-DPP IIT D High-1 2 > 24 (1) 1 4 ICE# L /=
rat-Cu(Il)-DPP Il & AW T UL Z B L 7=, i & DI DHE Lys-Ala-B-NA % rat-Cu(1l)-DPP
MIZMATELICHMESE, ETAE CHBAXY 8V ZHEE Lz, Lys-Ala-NA OJEE % 1
ME/2ITDONT, rat-Cu(I)-DPP III D EPR AR MUIFAEL B L. ZOFIT, HE
Td 5 Lys-Ala-NA 73, rat-Cu(I1)-DPP III D1 F > OELfI MG 2 K E <AL ELFER
LTWb, —J. Hi$h-1 4 228 (1) 1 F @& L /= rat-Cu(1l)-del-DPPIII iZ+4r E D FH
T®H 5 Lys-Ala-NA 1A TH FEEHBEEIL. G2 /RT rat-del-DPP 1T @ K i & D IRTE) .
Z® EPR AXRT MUFeE<ZbLian 57z, L EIRT K DI rat-Cu(1l)-DPP 111 D1 4 >
Bl A7 A IE I3 IEH 12 flexible TdH 2 DITH L ECALAFIENZAET %), rat-Cu(ID)-del-DPP 1T H1 D
A A > OBEALREEIZIEE T rigid EAFEDEIELL TWD) THhHENSN>k. Th
13 rat-del-DPP II IZfbX, rat-DPP I K E/RANY w7 2N —TZHD O THLHEZEZA BN
=R
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Glu451

Glu451

7Zn2t

Rat-DPP III (HELLGH....E) Rat-del-DPP III (HELGH....E)

Fig. 14 The comparison between the zinc binding site of rat-DPP III and rat-del-DPP III

The model was generated as a template of the human DPP III crystal structure. The main chain
and the residues were shown as a ribbon model and a ball-stick model, respectively. The zinc ion
is shown as a space fill model.

S

INSOMFEDETICHZ0. < Oatim & nmEE U TIHWZEED - 8L LT 58
HO/NITHEBFRICESBH#HB L LT, £ ZOMEOT— U T #E> THEWA
TR A R IR BURERRER A, ROBERITH T 5 & B G S ONE O EH
EHATHEW AN BN R PR AMAEEIE e e EICE B L 9.
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