YAKUGAKU ZASSHI 127(7) 1035—1045 (2007) © 2007 The Pharmaceutical Society of Japan 1035

—Reviews—

BEDERDOE(CFHRUEEEMFRIARE L EENDLH

Biochemistry and Structural Biology of Microbial Enzymes and their Medical Applications
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Microbial enzymes were studied from two medicinal viewpoints. First, we examined proline-specific peptidases
from pathogenic microorganisms. We found several proline-specific peptidases in pathogenic bacteria. Among them,
prolyl tripeptidyl aminopeptidase from Porphylomonas gingivals and prolyl aminopeptidase from Serratia marcescens
were crystallized. The complex structures of those enzymes and inhibitors were clarified in X-ray crystallography.
Aminopeptidase N, which has wide specificity for amino acids, was distributed in the pathogens. The crystal structure of
the aminopeptidase N elucidated the reasons for its wide substrate specificity but inertness to the X-Pro bond. It was also
revealed that proline-specific peptidases and aminopeptidase N cooperatively degrade collagen for the uptake of amino
acids as nutrition when these bacteria infect cells. Second, we applied enzymes from microorganisms to diagnostic ana-
lyses. We found a series of creatinine-metabolizing enzymes in Pseudomonas putida. Creatininase, creatinase, and sar-
cosine oxidase were coupled and have been developed for a diagnostic analysis kit that examines renal function. The
structures of the native and the Mn?"-activated creatininases were determined in X-ray crystallography. Based on the
structure, the activated enzyme was used for an improved assay kit. The structure of D-3-hydroxybutyrate de-
hydrogenase from Pseudomonas fragi was also clarified in crystallography. The enzyme is useful for diagnostic analysis
of diabetes mellitus while monitoring ketone bodies.
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ERODZENSHHENDR FFREEMEZRL,
JAERNTUADIEEREEDZENALENTVNS,
ZDR%, ZN7ERICT O UNEET D ER
N S o i & 72 0, IEHEERAI 72 & D22/ % TRk
LD T 5DICEEREEZR>Tnd, £k70
J2EELGUYNVEELTOT—F UNHAS
NnTnws, I17—%5 13- (Gly-X-Pro) n-DEL %] %
BB, 3ESTAMERZ LD, RRTHREYEZE
AU, BELMEREDEERBRRS &> TN
5. BgdHDZ LI, 70U O AOMENT O
U KB LB RIC KD KEB(EES NS e ROF 2T
Oy>&iksd, MERZHERTZ25 7 IO
TR o RoFeTOY  ELLEHA O
T O3ESFAELDREICLTVWSEIN
TW3, ZOaA5—7 > OKBILKIGICIEY X > C
NMiBEEE L THETHS. BKIIEYI L C
ARIZEDTOU > OKBAENEET, 5T —
FrERD, MEEENS HImEE I IHATH 5.
—HT, ZOX>570U > oNENS, £<DT
077 —tERXRTF4—Fi3-X-Pro—2 ORI
BIERHLENWZ EnHenNTNWSE, 20z, £
EHEARTF RO T0Y D 2EARRTFF—F
MEDRREHHL TWbEEILNTVS, X
7=, NI EOMBMEIC D WT L ISR D 5
M, HHEOY NIETEEENSTOY > O
CEE DM Z R THENH S, ZokHiIc7 O
D 3RRRYI VB TH 5.

tE hOTFEICAF I b oo fREESE & LT prolyl
oligopeptidase (RN A M7 OV > Y kEEHE) 0
Walter I2& > THRHE SN, HFEMFEEL TTFER
N oBEERELEY DBEEL THEZID T
SN U WY BROSRESRAEZMET S
ETHEERNITIELS 39 % T &%, ¥ dipeptidyl
aminopeptidase IV &3 R/Z DR TH 2 Z &8
SMRBo Y TENSTIESTY 2/ BEES
DIRENAIREE BN TW=h, BEix Pl 2%
MOFET, HERNERETDHIENTEE. O
5 & D ERBED protease L IZDWTHIFZEL T
W7z, trypsin & FEERFRMENFE U T, HEET
2 )RR L AIVRF VA R BRI OIN S
ETHS., LnL, trypsin & Bz DKy Y
WCUMER TE9, oligopeptidase B & IEX1 T
%, ZOBRIIDONWTHEETOHEERSORE %

fToTWwiz. 8 8ikd s &IiZ, prolyl oligopepti-
dase 1 oligopeptidase B &8 7 2/ Bl F DR E O
P—mHHr I EERH LA X512, dipeptidyl
aminopeptidase IV® < acylaminoacyl-peptidase!®
E7 2 BESNOREOD—0NHSH T ENHEIN
7. BT, BAIDIIVARF IVREMICENRED
T=MHHN, TOESITEY EEE Ol 3 5L
(Ser, His, Asp) 23fE{EL 7z, 1V

3. BREROE>/OV BEURTFY -+
DR

70U U EERERT T — IR R G A E
ERFEL, YL MEMERAI Y —Z2 T U2k
R, HRD D Z &I HMREGYER & DR IE R A5
WEEREEZFODIEZAHLZ (Fig. ). 21
SITHTAE VIR, BUiiE, F8aR, LRER, I
W An i HYE /R ERNBERZE I L, £ OHiEYE
PN E & 72> TW5 . Chryseobacterium (|H%
Flavobacterium) meningosepticum 3% 5972 3L 51 R
WG U B s o i ¢ % 2 297, Aeromonas
hydrophila \3/KPERE Tl MCHMAERT S, WH
DHEOTOUINA) IRTFF—¥Ero—=>
7L T &E /=129 Stenotrophomonas (|H#4 Xantho-
monas ) maltophilia @ dipeptidyl aminopeptidase
IV, 19 C. meningosepticum,'® Aeromonas sobria,'”
Serratia marcescens'® @ prolyl aminopeptidase M %
RELETEZI7O—Z 2T LEEYN S DEEEEED
2, NUT T2 I7I)—=XTFYT > Ty
RY—EIFRERSZHLWTOU)NF Y IXRTFH —
Y773V -0FEEWHASNILE. oI L
<, MHEMEY I EEICHE B 73 oligopeptidase B
(protease II) H D77 I U —IZH5ENB. 55
NEBFEBELTEZRGE CIRERER I EREZH—
L, W< DDDOEERIZTDNTHRERILIZEIIL

3-1. AR E (Porphyromonas gingivalis) B

Bl K22 K 2E Be Rt 32 S I FE R
. 1945 FRBEAFEN. KB K%E
KEFRELREE Y. 1973 £EH K
SRR, 1974 EBh B, 1994 £
B, ZOMAY A RFEFLIBITHEF.
1991 FF HASE PR EZHE, 10 F12
AT & D SR D A L FIIIFRIC X KRS 5
FRNTIE & N A EME R E 2 E Ot &
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Prolyl oligopeptidase

Chryseobacterium meningospeticum
Aeromonas hydrophila
Haemophilus influenzae

Prolyl tripeptidyl aminopeptidase

Porphyromonas gingivalis

Dipeptidyl aminopeptidase IV

Chryseobacterium meningospeticum
Stenotrophomonas maltophilia

Prolyl carboxypeptidase

Stenotrophomonas maltophilia

Prolyl aminopeptidase

Serratia marcescens
Chryseobacterium meningospeticum

Fig. 1. Proline Specific Peptidases from Pathogenic Microorganisms

3k Prolyl Tripeptidyl Aminopeptidase D& & # 4k
WA OREKE & L TE, el matzao -+
BHEEOMENHM SN TWS, HAANRAD 80%
M, WTENMOMIEICEEL TWsEEbNTWVS
(Fig. 2). 51T, HMAKREL TEHFITLNS
ERE R EEE LR ZENASENTNS, EH
IBIRIRED 1 DE L THI SN D WENEY T LRED
P. gingivalis 13, WZEFHTZHIENTET, FIT
HAROXRTF REZRIIVF—H, HEREEL THH
LTWa. W 207, BERMIBIERTF—
THEEALTBD, ZNSNHEROIRRKESE S
LTHIENTWS, ZOXRTFF¥—EHIZIZ, 05
A J — 120 & L % |2 dipeptidyl aminopeptidase
IV2D & prolyl tripeptidyl aminopeptidase?® @ 7' 1
U URERMXRTFHY - NHFEIEL TWwb. Dipep-
tidyl aminopeptidase IV & prolyl tripeptidyl amino-
peptidase 1, RMILXTF&HF—E7 73 —S9IZE
U, —kEEOHREMEZFFD. s REHRORHE
HENWITT 5 E0HESHSH. Dt prolyl
tripeptidyl aminopeptidase O FHEHI23 G B 755 B 3K
ERB EEA, XHEMEE sz 2
Prolyl tripeptidyl aminopeptidase 1%, 7> T-& 82000
D=7 1=y "SR5 _8&ETHD, NK
Ui (2 B K M D IRKS & ERAL &2 R D I B D s S B
Th5. AEEPICHEIIE S0 N K 39 A

Fig. 2. X-ray Film of Periodontitis Patient

ERWEBEEZRKIBEORTRERB L. Hfx
B2 N TRESEICERZh L, U R Ty —R
FOEPEH L D Ser F 5L % Ala IZiEH: L 7z S603A
2 RAKEE F & B8 Gly-Ala-Pro-fNA & O &Kk
EEZNZEN2.1A, 29A HREETIRET S Z &I
RIhL 7= (Fig. 3).

Prolyl tripeptidyl aminopeptidase 13, — &{&#EE
ZEALTHED, Y7212y MINKIL IO
NI RAL KR CRIGMEER AA > D2DD R
AL THEBRINTWS, fltllt =%k D Ser603,
Asp678, His710 1%, fiillt R A A 2 ITHELEL TW
T, WEMEEALZ2 DD R AL VERICMEL KL D
HT Iy R THILL TS, S603A 75 7RI 3%
& HH Gly-Ala-Pro-fNA & O A48 D IE M BB AL %
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Catalytic domain

Fig. 3. Prolyl Tripeptidyl Aminopeptidase from P. gingivalis
Ribbon model (a) and sectioned model (b).

w2z Y (Fig. 4). {HMEEALITIE Tyr518, Tyr604,
Trp632, Tyr635, Tyr639, Val680, Val681 THEpk = 11
ZHOUKPER 7y EEIEL, HE ProREIXZ D
BKMERT v MG L TWe, EEY 2 /51T
B-7ORT KRAA D Glu205, filllt Rk AA >0
Glu636 ® 2 D@ Glu FBEIZ L DFFH I N TNz,
Dipeptidyl aminopeptidase IV @O #& &1, & b
MO THHEBETREIN TS, WHO2KE
EIXRSPITHBD, R K A1 > OffEN K <
—¥9 5. 7HHKE#E (PDBcode : IORW) %
/N 12 K o T prolyl tripeptidyl aminopepti-
dase ICHAQ GO AER, 1&TEERAL O fil i = 7% 5L
EHE Pro RHEZIUAT B BUKIERT v b & Rk
T HEDOMBEL, 1FF —F L T/, Dipeptidyl
aminopeptidase IV THEE N K7 I/ Hix, §-7
OXT K AA 2D Glu205* & T Glu206*12 & > T
MIND., INHTIVE I VERRIENLE T B
3Ny 7 ZEEBRL TWiz. —7, prolyl
tripeptidyl aminopeptidase T #H 4 9" % fiF 4 I
dipeptidyl aminopeptidase IV 7» % 3 % R4 L,
V=T HETH o 7. Glu206¥I2H 4T % Glu205
DANREINTB D, Glu205 1% Glu206*k D %
PEHLD Ser BHEMN S 1.57T ABEWLBIZADN S
o, ZORER, HEO N RKumEEZREFHEL, X-X-
Pro ZyEMERALICKE G S, NURTFINT I/
RTFHF—CEENECD I ENHSMNER S
(Fig. 5).

322. 5 F 7HE (Seratia marcescens) H K
Prolyl Aminopeptidase O #&3& & /e S. marce-
scens 37 7 LARMEBRKUMERE TH O, BRI

Glu205

GIn203
0.
% 76A _.NHy*
N\

0:.0..0..2.644 O@O NH

2714 g/ “NHg* 3008 pesh “NHp 9

Glu636 Arg642

His710

(o i
—>:O
Asp678

Fig. 4. Scheme Diagram of Substrate Binding at the Active
Site of Prolyl Tripeptidyl Aminopeptidase

Tyr518

K5 HMABIYEDHRERED 1 D& L THISNS.
Z D S. marcescens H 3 prolyl aminopeptidase (EC
3.4.11.5) 134 T & 36000, 7 3 /W 317 fEn 5
RA5HEAREBEET, XTFF¥—ET7 73— S33
WWET 2t oRTFHY—-ETH 5.

ZOBERIE, NERWEREN7OY > THERT
FREEICH U THERMICEEZRT. 2752
>, oy iz L ThiEREERT. bhibn
X, &5 F 7 HH S prolyl aminopeptidase & &+
20—, KW ZRWERKEFRTR % i
S U720 XSS AR A W TR 217
TerER, BEOVARBRERET DI EITHRIIL
7z* (Fig. 6).

Prolyl aminopeptidase &, «,8-hydrolase fold %
FrOfiliit K A1 > (Met1-Thr140, Phe241-Lys317)
E6XRD a-NYw I ATHERINBEZANY v T AR
AA > (Leul41-Gly240) @2 DD K AA > THERE
INTNDS, 2DDRAA ITIE b > RIVIROF
YETANERINTED, ZOZEMMAIEETALT
H 5. filft =% 13 Ser113, Asp268, His298 T &
0, INSIIME R XA ITMET 5. EETALO
ERIZIE, st R A1 > @ Phel39, Ala270, Cys271
AN w7 Z R AA 2@ Tyrl49, Tyr150, Phe236
THERR S N2 BUKIER 7y RIS S N TIR S 72, 20

3 DDHZEH (Pro-2-tert-butyl- (1,3,4) -oxadia-
zole (TBODA), Ala-TBODA, Sar-TBODA) % &k
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Fig. 5. Comparison of the Active Site in Prolyl Tripeptidyl Aminopeptidase (a) with that in Dipeptidyl Aminopeptidase IV (b)

Fig. 6. Structure of Prolyl Aminopeptidase from S. mar-
cescens Complex with Pro-TBODA

L, INsHEEREOEGERBEZZNZNH SN
12U 722 (Fig. 7(A)). Pro-TBODA # &k ki IZ
BT, HEHFIO Pro HHEIIZ DBKERYT v b
WIS, 201 2/ HiT Glu204, Glu232 & /K
FEHEEERL TV 3D0EAKREZERADYE
T IE ML DS 2 Fig. 312R9. &SR 0 fi
=L OALE S BKIER Ty N 2B 2RED
L@, FEHICELS—HL T, HES O Pro,
Ala,Sar B O I /S 0WIET 2/ HIZ
Glu204, Glu232 Lk FEGaz Bk L#E#H I N, <
DHIFEIT Pro &R UBUKERS v MTHE L T

Glu232
Glu204
Tyr150
£ W Inhibitor
Tyr149 &
Ala270 Ser113
Phe139 His296
Cys271

Asp268

Fig. 7. Structure of Superimposed Enzyme-Pro-TBODA,
Ala-TBODA and Sar-TBODA

72,20 B R BRI R B4, pyroglutamyl pepti-
dase DB/KRT v b EIRITIZBL TN, 29

—RICHE OGRS v ME, ZOREMEZ
FEITHOICHE LIRSS ERBREFT S, S.
marcescens H g prolyl aminopeptidase O i P4 &K Af
21, HE D Pro FRE 2 D B EUKMER 7 v B
HOMMoTz. L Liamns, ZOHKERST v M
1%, ProEDE Y I 2 VIR 4 (D& ITZEM DT
HIHZ &AL (Fig. 8).

A5 =7 A3F D 3EAY v 7 AWz ZET
5%, B0 VRO 4MHDHNE 3L RO
FIMELie RoFo 7oy VEEEZED. bh
b, 4 rkoF7O0U> BFI7FINT IR
(Hyp-fNA) &ZD4- b ROFIINEETEFI
fkL7z4 7 bF 702> BFI7FIVT IR
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Fig. 8. Computer Designed Enzyme AcHyp-TBODA Com-
plex Model.
It was suggested that the 4-acetyloxy group was fitted into the unusual
extra space.

(AcHyp-BNA) Z &Rk L, S. marcescens Hi3kEE &
& Bacillus coagulans HRBEFE D ZNTN DGRk
BT 215 Z i U7z, B. coagulans HXEEH
MY Pro-fNA ([ZHr BIICTE M %2 7R LU, Hyp-SNA,
AcHyp-ANA 17 5% L T3 Pro-BNA @ 1.2%, 0.46%
EHEBITEONEE LD RS R o 2. —H, S
marcescens 1% EE#E 1T, Hyp-SNA T Pro-fNA @
26% L <IERAL, sy teFIMeEng
FEITH U TIEFITHRITERT D ENIH L L
HERHLZ 2 HEAESGEBEICEDNT,
AcHyp-TBODA #&KET )L Z W4 L /= D 7Y Fig.
8 Tdh%. AcHyp @ 4- 7t b F 2 )V HIITEE AL
A7y MTHAE L TW/=. S. marcescens H 3k
prolyl aminopeptidase @ AcHyp &I T 5 E W
WEE, WEESMOREERT Yy Y, 47 RF
2T CEBETAHICHLEBIREKREIEET
HZEICHEKT D EAHBHL /2.2

3-3. KHIEHE H3X Aminopeptidase N D& & R
TFEFBAOT O FEUERTFY - L DM
HB{EH Aminopeptidase N (EC : 3.4.11.2) &,
IEMEEALICH 2 1 S AT 5B 70Ty —ET
HO,OXRTFHF—-EM 77 IU—IZET 5.
Aminopeptidase N I3, JE# ICHEA WA ZE %
HS T ENSHEBENRZNTERZ, L LREDS,
INETCHEDOIKRBEIAHTH->Z., EF
aminopeptidase N @ 73 T & 1L £J 150000 T dH % .
967 FRIHDT I JEZDHTFTRERDKI30% 124725
W Z OGS >N ETH O, N KifEg
MY > =127 Uiz I BOEREE#ESETH

Fig. 9. Overall Structure of Aminopeptidase N
Ribbon (left) and surface (right) models. Arrow indicates the hole for
the entry of substrate into the active site of the enzyme.

%. —7F, KJBH# aminopeptidase N % 870 & D
7 BTHERREINMEREZETHS. & OB
#F1¥, N2 Ala THL2HEEZRBHFT (N XK
Ui/ Lys THHHEEED Km D HEWN) A, K
e B R 1L, B N R DIRIEDEIC Arg, Lys,
DWWT Ala 2478, iSO — K& O MR M
13.6% TH O, HERERMEDEWZ, (EMEEA O
BEOBWIIED2EEZOLND. TORYD, WHEOH
EOEY, HEREEESCL Ty — & L TR
e R 2 HERFHNDITRS.
ODNONIHEBLTZRGE CEAERLIHEZ
FE LS d b L C, 30 g) T aminopeptidase N @
NARRERS 2B ST B 2 ST L 723 (Fig. 9).
Aminopeptidase N3 4 DD KA A 2B 0D, &
HERAAS I —FETA > EHPYTE. 20O
aminopeptidase N @ —#& O B I I kE 2 A 720
JRNEERRIEICH D, BFEHEHRTDH S Bestatin
& DOBEFRME AR D X #R#G g AT 217 5 72 D71 Fig.
10 THD., REOMHBEOKREZIITEDLEEMER A
A > @D Met260 {5738 & B O MIEH = [N 9 2 28
MOKREIZ2EMSHE, BUKECHEEEY S /R E
THHVADKEENIHS N> & (Fig. 11).
2 1 DDRRIT X-Pro G < YIE TE 7m0
HNED TSI NZRICH S, ZDOAKREEN S
IEPEEBAL D S1, S17H A M IZid X-Pro FRHIIHE A T
ERWV, ZOZEE, RTFROKKIMT
aminopeptidase N 37 X / [ 2 JIERY) O Hi 9 743,
J0Y UNEETBHET T 2 OFRT TSR
95, 70U CVRREREXRTFS—EideoTny >~
ZHETBHZLi12L D, aminopeptidase N 12 &k %
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Fig. 10. Active Site of Aminopeptidase N
The bestatin at the active site is shown. A zinc ion in the complex is five-
coordinated by His?®?, His3"!, Glu32, and two oxygen atoms of bestatin.

NHg*
/—< NHg*

&} o
Asn373 GIng21

OH
Tyr37e /s\ietzso
p S
¢

*HgNumu) Met263 |-

OH--...|
Tyras1

T Ala262 %
0~H.,f= HN

Glu320-- @ 4 of 9
Hiszo7 His301 &7
Glu298

Fig. 11. Substrate-binding Model of Aminopeptidase N

Met?% is expected to function as a cushion for substrates with N-termi-
nal residues of different sizes: such changes in conformation would in turn
alter the size of the pocket.

7 2/ B DR RN S % B & SR DR
NS B SN -7 (Fig. 12).

WREOZ T I JBRERETH S, EG L
JEIZ7OY > DN T =5 2 ESRET 2720I121F
TIJIRTFY—VETOY VERERTFY -
ODERNMBETHDZEE, EROFITOU A
DIER BTN 272D THD. 2O Eidpik
YTt D B R I Bz iR s L
T, 70U UEREBEOHEROFREEZRT D
DTH5.

4. WEYBEROBERERE~NDILH

BEFEDEWHEREMEMN S, glucose oxidase 13 R

Prolyl tripeptidyl aminopeptidase
i Aminopeptidase N ! !

Dipeptidyl aminopeptidase IV

0 0 0-6*

Fig. 12. Proposed Mechanism of Hydrolysis of Proline Con-
taining Peptide by Prolyl Tripeptidyl Aminopeptidase,
Dipeptidyl Aminopeptidase IV and Aminopeptidase N

LMTHFD )V A—ZADREITAN SN, BERFEZ K
WFIHESNTE 2, bhbImEmEEEZL< X
D=5 EICK0HRICERED I~
DIcEEFRERMNL TER. ThOoBROLE R R
PREWEFHL, HaxOREFY NEHEETDE

HIT, HFEONIEZ X G mAEGHEITICL DB
SMICL, ®METZHZEICKD, K0AHERF
v b ELUTHAELTER.

41. 7L T7F= R RBREBHRERERE
DR L 7FCoaKE, B ERIZHNT
TV ETIWVFZUNSELDT T 2D ) ik
2, IETS- 75 /I AFFZMEDAFIL
ENEBEINDINICE > TiTbihld, 512
creatin kinase DfEHICK DU BN TO LY
FU U EL TEIFIF — Ol DR E & R 7z
I, JLVTYFRI LT F U BN IERESR
MICERSIND 7 LT F > OERMERBEDNTH D,
t NMIER, DfRED S ORBEBEEDFHZ/RWN. D
Nbnid, FEEOLEHR KD HEEL /= Pseudomo-
nas putida DEKIZ I L7 F M7 LT F 2,
PN DERHLUTRIZET U ERIVLT IV
TERICHETZ - HOMERERFDI LEZH SN
2L 7.2 FNF 4, creatininase,’? creatinase,?¥
sarcosine dehydrogenase’® Z#5HI L ZDME 285
MLz, SHICZORMSIE, RIVATIVTER
MOET A FF 2 b BEETTICFBEARLT 2
MEETLZI— U EBROHEEUEEREL T
%363 INoEFEEFHLTHELE LY FZ
CHIEF Y FERFELE TNETILEETH S
Jaffe EMH WS N TELD, MIEF O HEY) TH
I S ERFEMEICH %ﬁ%éltﬂ%ﬁéhfm

7z, BUETIZ Z OBERIEICK 2 B RE DA ICHEIR
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DB TILSFHINT NS,

4-2. Creatininase O X R REEBT L
7 F o> =Y RfERE L, % X SRR X 0
EEHS ML O BEHRIL, EC3.5.2.10 1275
SN, BIRY 2 MEABWENKRT 28FED 1D
THoD. 16 BEOEEEN EC 3.5.2. IZHEIN TN
%73, creatininase & OMHFEI X2 <, BHSMITL
FENLAREE® Fig. 1312RT LS/ 0—-N—80D
6 RIAEEZETHIHBROMETHo 2. HEHD Y
L7 FZ 229 % Km fEIZ R K E < 50mM 2
ETHD), M0 s LY F22D0h %l
UIERE/SBIE 297D T EMNHRETH 5. P. putida
KU BLEEL =B AR O creatininase 1315 IR A1 2

Fig. 13. Structure of the Hexamer of the Mn Activated
Creatininase

EHOHZFFDOBEHERTH DM, Y H ARKT
BT 5 E, WEWN LRSS EFFFICREEI L
/2. T35 D creatininase DG kG 2 X A kg
EHRENTOFEZHANWTHS MU ZEE, Fig. 14
IR KDIT, Mn-{EHAEERIL, —HD Zn P
Mn TEHINTWSE ZENHENERS /2
(Figure ®fElD Zn 73 Mn TEEAINTNWDS). &
I N2 Zn CHED 13HFH & H 1T His36, Asp4s,
Glul83, KU WAT1 2 &% IEUEKREAL 72> T
WBDIZRL, (D) Zn O Mn OEALIE RS
> TW/z. Zn 7% Glu34, Asp45, Hisl20, KO8
WAT3 IZ X DN A EME RS SR> Tnd
D% L, Mn iZ Glu34, Asp4S, Hisl20, KO
WAT1, WAT2 IZ KB IEAE T Iy REfiz &o
TW/=., Mn Tk, Zn OEERTHERICEH
<, REEDIEERLHTOZERNEL TS Z
EMgnD. Fiz, Mn EKDFEDIEEEN Zn O
FNERBLTELS o> TWE=IENE, KFTD
SR Es o TR b S TW B alRE2E 2 T
W5, FERMAREIEE WG S REENRD S
N5DT, Mn- EHIUEEED, BIfEZ Kl L L
THHINTWS,

P. putida (3 HEBETHRET 5 Th D0, crea-
tininase O AL ENIL, FEWEOMOZ L7 FZ 2K
HER R THERICEN >, ZHUd Fig. 151
AT LD, TOUIKED B ANT > REE

Fig. 14. Coordination of the Binuclear Metal Center of Creatininase
(a) Native creatininase. The Zn (left) has distorted tetrahedral geometry, whereas the Zn (right) has ordered tetrahedral geometry, and (b) The Mn-activated
creatininase. The Mn has a square-pyramidal geometry, whereas the Zn is revealed as having ordered tetrahedral geometry.
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(204-224, 21 5%EH 8 5%EL) NBoY 71w K
DHFRDOELT B — N EHET B —MEERL
THREALTWDBEDIT, 6 BIEENZENLS
nNTwasEEZENS.

4-3. ZOMOBKERERABRORRE  HIE
ORI EF IR ITEMOBEMICH D, 2055
1 BUBEIRIFI 5% K TIEd D0, A AU RS
DN RETH 5. | B RIERETIE, 1>
AU CARBDEDHZ I A—AZFHTET, i
RBMWTLHEL T7EF I CoA Z24EET S, L
U, 7Z2EEEOFREIKRTH 24 FH OFEg IR
BT D0 ENT, BEDNT S ARICE

Fig. 15. Closed View of the Interface between Subunits

XN TLES., EFWHITWMLEZY SR ~Y
PR RS ERILERAEMIREL D L
NS, WECELT FMAREEZSY—T 52 &0
"IN, 7 ARKOHFTH D-3- & ROF 2 EKER
BENA A AFHARERSHET R Z &0 5,
D-3- £ ROF Tkt %2 NAD* 7#7E F, BERMICHE
k22T b RkEEZEZY—TE5. DD
T S ARHEIEF Y SOBFEEHEL, FRRAH
FED-DDEEFHE & LT Pseudomonas Jg#E N 5 D-
3-hydroxybutyrate dehydrogenase iB{5 T % 7 0 ——
2T U, BMEOBFIFRBREHMEL T, OV
RS ML (Fig. 16). BEEIT 4 BIKT, X
JVAFREEY NNV ETHSNDAAR Y + 7
=V RZEED, HEEUMEOEEERD X kS
s BT I AT U 7z, 4

5. &hYIC

PUAEYE 2 AHIHE R 1T K B B ARG <o 37 B gk e e
75 E RGBT IR D T EM B I
RERHEEMELEBE> TS, INET, FlRbtE
MEOBAELDOEDIRL TH- 20, BRFICETY
H5EEONTNS, bOIUIFEEEORF DO Y
CRRMERT T H —C OE A FE NS, O
T EFOY NI EESRLTY I I RE LK
BRELTWDZEEHSMNI L. 5%, M
EOSERMWEEES OB AEDE L1387
%, WO 3 AR DK 1T K 2 Hr LG %A D B
FENMEEIND. —F, WMAEYEEEZRRBEE AT
A5 LafTo & FAKIIESEHDIEE

Fig. 16. Structure of D-3-hydroxybutyrate Dehydrogenase from Pseudomonas fragi
(a) Tetramer and (b) Monomer with cacodylate.
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HEERERE T, BERB O b AKBIEDF -~ MIBAFE
HC, REiE D creatininase 12 U TIZF DR E
TN S 28 DB OMERE & IE AL FERE O MBI Bk
L7z,

BE AR, RERFEATESEY T
MRBICTIT-o72dDTHD, FiE BHEEE, +
IEZAEB B DORRETHH D ET. HICTHBEERE
LaWEEWERIEROE RKMAZFBIRITLERD
AL L B ET. E£e, EREMTEREEDOR
ERPTLEEIZEIDITONZHDTH O EHNWEZL F
T AFEO SIS FERTRIC LD EZADRDH D,
Rl R FE ML @B, MERR A
EEREMICE# N U ET. ARFRISCHERIEER
PR ELBEUIE (B) f, EREESY 2N
3000 7’02 =7 MZLkBHDTT.
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