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Geobaci | lus kaustophilus D-7 = / Bl /KEEERECFOBEEREH
HED-7 2/ B KEBRECFDEN

EEER | FHEOMKN'

Bk HR LA FAE) E IR FE i S AL B

WA, B MCBIS -7 X BB A B L OBIEYERH S0 E 720, p-7 X BIZA B~ — 7 — L LTI Sh TV 5.
—J5,0-7 X/ BRI K BRI A T.OE Mo E 2 59 2WEE RO 2 Lh D, 2l CfifE2e 8 p-7 X/ Bk e LT,
D-7 3 BRI AKERER 2RI LIRS HES R STV A, L L, BUERE SN TS -7 2/ BRIKRRER L2 EMECH iR
TOEMDE SICRBEAH Y, p-7 2/ BRI AKFEEER Z R U 72BER U IR S LTV R . ARBFZE T, H S5 B A B
Geobacillus kaustophilus JCM 12893 HSRDHETE p-7 X/ BRI /K REEE RIS T (GK1399) DFILZ X7 B D p-7 2/ WK R EERTE
AR T A Z &2 HINE Lz, GK1399 Z s R x KIGHEIZI W CREICHEL S, 1YL R CRERTG O H &2 R AT fE 5,
D70 U AT D DT X MK ERERTEIE A fERR LTe. ARER IS EAMROBRE TH D Z L, mWEEN L BEETE
PEEA Lz -7 R BHKERHR CTh D FTREMED & <, p-7 X/ IERER S ATE~OIC A IR T 5.

F—U—F:D-7 I 8, BUKEBER, AFEE

BRI B ERERT S 20 O o-7 2 BRI,
7Y EROTORFERMEARTH D LKL DIEMRTTF
HT5, LT, HRRICHEET DT I JBOMRE
NLIKTHDEZ LMD, ZRETERI LT /B
OHEFHALTEY, D-7 2/ BRITABEEZ -
MNEEZLNTERZ. LL, EO ST EMO
M RIS kD, Bk D8 (BEEHEEIWN D b
h &2 SO AAEOmEDHY) ([CEREKRED D-7
JEERTEEL, RO D OEE L EEE A FF o
ZERHMEINTND. FZ, B MIBTDH D-T R
JBEOEPSRENEE SNTRY, e RBEEBRED
BEEPEIC OV T HIFEREA TWD . #il 2L, p-&
U ATMANIC BT, FRESFE 72 & ) v Re i) 1
[ SRR RV NI L 5 N U N7 R B e Sl N
LCHEBET 2 2 3 SN TRY, TAYNA~
—ROMATE &V o TR AR B & O BIR MR &
TV % (Nishikawa, 2011; EHL 2013). £7=, -7
ARG X UBRITERNT 2 b T a v OE R OfEEE

S, S TERE ORFIK - KT O -7 AT F
VEBEREPABIET LTV Z ENHE I TH
% (Katane & Homma, 2011; D’Aniello et al., 2005).
ZDOXIT, b7 X BRITIEEICH ARk~ —
—& L THIFFENTEY, MifE - REHSE= 2 b
72 D-7 X BONTEDBRRENRD TN D.

D-7 2/ Rl /K% (D-amino acid dehydrogenase:
DADH; EC 1.4.99.1) %, D-7 3 / &b rOli 7 2
JRIRC R T Mg & T U = TSRS D G
3% (He et al., 2011; Olsiewski et al. 1980;
Wild et al., 1974; Tsukada 1966; Jones and Venables
1983). Z DR, HEMNOIKEMSTZEFET7 T
RAEF /) eV B FXARICET. £, Z
NWETICHE SN TV AHDADHIZW TS A LOE
FiloERICETF 2545, 202 b, DADH
o —F A& Lot ST E R L S D-
TR BRBESROATIE R S TR Y, Ll T fE
IRFTHID-T X B iriE & LCTHIff ST g, il

EREAERE - RPHOMK T010-0195 FKHTH FHO P ERERIE 241-438 AN KFIENEK IR ST K AW & IR R 5000 A Ykt
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20X, DINFN DT X BREEESNTEE LTT
NV U T AEOR NV~ R E R T S BN
b5, Fio, EXRULFRIZRD-T I BEEFR L &
LT, RIS E » TEFARERICME SNZE
TE2EMICPET Z LT, MALDEREMBILT DA
WdoH., Lol, BHERE SN TWHDADHD % <
XZZEMENME L, BERDITE~DISHIZE > TR
W, F 7o, BEMEORWDADH & LC, A
RMBUFEET —F 7T HRO L ORHE SN TR
(Satomura et al., 2002; Satomura et al., 2014), F{RTD
TEMEDIER IR L B3R L o TN D,

FLT= HI1X Z IV E TIZ, Geobacillus kaustophilus JCM
12893 %7 7 A HZHE E DADH# {5 1 (Locus tag:
GK1399) % R L CTW5. G. kaustophilus ICM 12893
(3T IR RGP 2342 ~74°C, Feili A B 1R 2360°C D
HEEHAECTHY, BOREME EBEEEEEZA L
7-DADH%Z R4 Z L 3 HIfF T& 5.

AWFFETIX, 2D G kaustophilus H¥HETE DADH
LB RBEICBOD TRKEICRI S,
DADH EMEZ R 2 LTS LD T, Zia#l
HTD.

mHEEAE

Bk & RN

G. kaustophilus JCM 12893 |& Japan Collection of
Microorganisms (JCM) L VAL, 7/ . DNA @
BEFERELTHMLEZ. ZOEKEZ 1 L O
Luria-Bertani 55 #1 % FHV T 60°C, 14 HBEEREZIEHE L,
FRZ 15T

GK1399 BIEFDI/O—=_V T ERBTSRAS FO
mE

G. kaustophilus JCM 12893 @ /%" / . DNA 1%, 1 L &%
TR O/ONTEHEKE Y V' F— LU ClRE LT
%, 7x /) —)V/7aakRLAHEECTER. G
kaustophilus JCM 12893 D77 ) AHITELRAFS I T
% GK1399 fE3 %, KOD Plus Neo DNA polymerase
CRPERE, KB, BHA) Z /= PCRIZ X - CHIME L
72. PCR 21X Fowerd |l > 7 4 ~— & L C,
5’-CATATGAAGTACATCATCGTCGGAGCCG-3’ #

flfi FH L, Reverse Ml ®» 7 7 4 =~ — & L T,
5’-CTCGAGTCATTGAACGATCGGTGCG-3* # fitf /i
L7c. b7 7 A4 ~—1% GKI1399 Ein - DItk
Fd 5l 2 FE12 L Ca%FE L7z, PCR 12 k- TR L 7=
1,125-bp ® DNA Wi} % In Fusion 7 @—=>7" (¥
T A A, R, HR) 12X - T, BEHXZ X
—pET21a (Merck KGaA, Darmstadt, Germany) O fill [
W% SR I Nde 1, Xho T FEJICE A L 7=

KEBEETOMBZ L2 NI BORKERE M

KNG & Eacherichia coli BL21(DE3) (La Jolla, CA) %,
FH 7 # —pET21a GK1399 % F\\ TR s
L7, FEE#EE 1 L o LB K (100 pg/ml 7
YV UER) T, 37°C TIREREE LT, B
2D ODgoo [EAY 0.5 123 L 72 WS C, FIRE 0.1 mM
@ isopropyl-B-D-thiogalactopyranoside Z ¥/l L, 37°C
T 3 WM ORGSR 2T 72, £ 0%, BEE =D
7B (6,500 x g, 10 47[H, 4°C) ICCTHEE L=, 55
NT-FER (BEE 22¢g) % 20mL @ 50 mM Y AR
Na FZEHR (pH 7.2) ([ZIRE L, BE 2 o
TIEE L7, B ARHAE 2 1 00 B (10,000 x g, 30
5, 4°0)L, Z0 RiFax X o8y EERIR &
LCERICHER L.

T 4 A9 5 ) ERAV= Native-PAGE

R Z & N BIRIRICE END BN NI E
%, Native-PAGE # T, 727 UL T I RZLHT
fud 2 NI BEGBEL, BfE LT, £ 1 ISHRE
IRLTET 4 AT FIVTHIH 2 & v 7% 7 BRI 200 pL
BT TTAL, T A AT TNVIARYTD 3mADEG
THKI 90 43 D ERIKEN 21T - 72

EHERAEIZEL S DADH FEHEOBRE

Native-PAGE % DF 4 A7 F )L % F 2 [Zp3-T
DADH G MR A O ROSIRIZIZ L, TEIRME 2 HWC,
50°C TR EIT- 72, FEEIZIZI D-7 7 =2 (D-Ala),
D-7 A/3T ¥ UM (D-Asp), D- U > (D-Ser), D-7
= =/)L'7 7= (D-Phe), D-#F 4= (D-Met), D-
KU Z 77 (D-Trp), D-/ /b uA <> (D-Nle),
D-71 U v (D-Pro)& ZiEILH, MR IL5E R
EO=aF T IRTT=VX I LAEFER
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(NAD), =aF 7 I KT TF=v VX7 VAFRY
VB (NADP), 77 BT T =V X7 VAT R
(FADYRAW 2/ L7=. 30 0O D%, DADH
DOIEMEZ R IR AN FOAFEZ R LT,

R FrXOTNAE

T 250 ulL /1A
0.47 M Tris-HCI (pH 6.9) 30 uL
10%74 YILF S R+ 2.5%Bis-7H YILTI R 625 puL
1.5% BREB7 v EZY L 21 ul
NN N-FESAFILIZ-1,2-OF 3 2 plL
H,0 423 L
DEET IV 1200 yL /1K
3 M Tris-HCI (pH 8.9) 150 uL
30% FHYLFTIR + 0.8 Bis-7HYLFTIK 300 uL
1.5% BEB7 VE=" L 60 uL
NUN N-FrESAFLIRU-1,2-OF 3y 2 ul
H,0 688 4L

R 2 FMRERILEMEE (5.00m /1)

1M YABENa B (oH 8.0) 1.50 mL
100 m £ 0.50 mL
10 M B 0.10 mL
0.4 mM mPNS 0.50 mL
1 mM INT 0.50 mL
H,0 1.90 L

3 mPMS : 1-Methoxy-5-methyIphenazinium methylsulfate
INT: lTodopheny!| nitrophenyl| phenyl tetrazolium chloride

mR

GK1399 %34 > /3 B ® DADH jEIEME AT

KIGHE TR S E72 GK1399 Ofi#faz # /37
BaHANT, EEYR@iEIc X5 DADH &R
k7=, F ORGSR, D-Pro ZIE & L2/ DX,
A RORERT& 72 (K 1). £72, Z® D-Pro
EHE L LBRICHER I IEME NV RiX, NAD,
NADP, FAD & o 72 il 55 & SONRIC & £ 72055
ATbHMERINT.

R

KIFGEDFERMN D, G. kaustophilus JCM 12893
b DR GK1399 DFEBL K o /37 H 73 D-Pro %
EE L3 %5 DADH Th o v[getEnm sz, K
1215 1L NAD, NADP, FAD & Vo 7= 4ifili# 35 & X
JSHRIZE ERWGE THHER SNz, ZLE TITH
HEEINTWH% < O DADH %, BRR TlX FAD %

EMINVER

&1 GEMEEIZEK S DADH EHEOKREH
AHM 5 d-Ala, pD-Asp, D-Ser, D-Phe, D-Met, D-Trp,
D-Nle, D-Pro ZEEB &L LR,

il #E L L >, 26-dichloroindophenol <
phenazine methosulfate &\ >7- A LaFEHE
SRERET D, 2O D, RERLMERELT
& 97, l-methoxy-5-methylphenazinium methylsulfate
(mPMS) #EFXAEKETHENEZLOLND.
—J5, AW CHWEME R X 5 DADH &M
ORI TTETIE, D-7 2/ BRERLEE#E (EC 1.4.3.3)
LR SNDFAREMEDR HD. L LR S, EIEM
W7 —=F 7 LWV L FEEBAEN TIE D7 I R
BRALEE R OWMEF D eV, X, NLEaREE X
BELT D D7 BREREEER T T OLEMTEIC
BOTHE G ENFE) S, GK1399 FBLKZ /3y
B S FERTE X DADH ThoEEZD
N5, A%IF, ABERAFRL, X0 FEMamsEs
HIRSREMENT GRERRRNE, ZEME, RS LR fEAT
E) ZITOTETHD. 2 LT, BROLENESK
BRREND DT I VBOANA T —FT L
L COFMIi 217\, D-7 X/ BRI R s~ DS
EHLTETHS.
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Characterization of D-amino acid dehydrogenase gene from Geobacillus
kaustophilus
Analysis of putative D-amino acid dehydrogenase gene

Tatsuki Sugesawa', Yuta Mutaguchi'

! Department of Biotechnology, Faculty of Bioresource Sciences, Akita Prefectural University

D-Amino acids have recently been proposed as useful diagnostic markers since the close relationships between D-amino acids and various
diseases in human have been revealed. D-Amino acid dehydrogenases catalyze the dehydrogenation of various free D-amino acids in the presence
of artificial electron acceptors. D-Amino acid enzyme assay procedures using D-amino acid dehydrogenase have been investigated as low-cost
and simple D-amino acid analysis techniques. However, D-amino acid dehydrogenases from mesophiles show very low stability, and those
reported in extreme thermophiles show low activity at normal temperature. Owing to the characteristics of the reported D-amino acid
dehydrogenases, D-amino acid enzyme assay procedures using these enzymes have not yet been realized. In this study, we focused on a putative
D-amino acid dehydrogenase gene (GK1399) in Geobacillus kaustophilus JCM 12893, and analyzed p-amino acid dehydrogenase activity of the
recombinant protein expressed in Escherichia coli using activity-staining technique. As a result, we found that the recombinant protein expressed
from GK1399 showed the activity band when D-proline was used as the substrate. Because this putative D-amino dehydrogenase is form a
moderate thermophile, this enzyme is likely to show high stability and activity under various conditions and to be more useful for D-amino acid

enzyme assay procedures.
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