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Summary

We developed a novel enzymatic quantification method of p- and L-aspartic acid using two thermostable enzymes
from hyperthermophilic archaeon, Thermococcus litoralis DSM 5473: L-aspartate oxidase (7/-LASPO) and aspartate
racemase (77/-AspR). The concentration of L-aspartic acid existing originally in a sample (L-Asp [o]) was measured
spectrophotometrically at 515 nm with a coupling reaction of 7/-LASPO and horseradish peroxidase in the presence
of phenol and 4-aminoantipyrine. The total concentration of p- and L- aspartic acid in a sample (L-Asp [t]) was mea-
sured using T/-LASPO reaction system after conversion of p-aspartic acid in a sample into L-aspartic acid using
TI-AspR. Both calibration curves for measurement of p- and L-aspartic acid concentration were linear from 0 to
600 uM. The concentration of p-aspartic acid was calculated by subtracting rL-Asp [o] from L-Asp [t]. We measured
the p- and L-aspartic acid concentrations in sake and black vinegar using the enzymatic method. The concentrations
of p- and L-aspartic acid in sake and black vinegar measured with the present method were well agreed with those
measured with high-performance liquid chromatography. Accordingly, our novel enzymatic quantification method of
D- and L-aspartic acid is expected to be useful for measurement of p- and L-aspartic acid in various foods and bio-
logical samples.
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Fig. 1 Principle of enzymatic quantification method of p- and
L-aspartic acid using two thermostable enzymes from hy-
perthermophilic archaeon, Thermococcus litoralis DSM
5473: L-aspartate oxidase and aspartate racemase

TI-LASPO: L-aspartate oxidase from Thermococcus lito-
ralis DSM 5473

TI-AspR: aspartate racemase from Thermococcus litora-
lis DSM 5473

HRP: Horseradish peroxidase
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1. RERME

Thermococcus litoralis DSM 5473 HH¥ 7 A8 5 ¥ Vg
S5+t ~—¥ (TIAspR) & .- T ARG EFUBFFL 55—
¥ (TILASPO) 2NN O FiEICHVIRE L
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2. Thermococcus litoralis DSM 5473 D7 XN X 2 g
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9, 250mM VU YA Y v AR (KPB), pH 70,
025 mM FAD, 80mM 7= /=), 10mM4-73/7
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¥ 50uLl) #~A 7105 2—7 (Greiner Bio-One, %5
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(5457 v 2 &4 - DTUIB) % v T 70C T 5 min,
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B D L- 7 ARG FURIREOWE R, LT LA
V¥ a~x— M, 50mM KPB, pH 7.0 (2% L7z 1.6 mg/
mL (08U) HRP (5ul) K ©'102mg/mL TI-LASPO
(06U, 15uL) ZZNZENR/IML~YA 7 0F 2 —T D%
LoD EML, FIAHY—F2=v b2 HWTT70TC
TA Y Fax—MLEEZHIEL72, 30min f2, <A1 7
0F2—7%KETHAL, RIS D 515 nm (2B 2%
e, BAMROLEEEE (HASE - JASCO V-630)
ZHCTIE L7 (AbSiumpreasy) o 7 7 ¥ 71, &ED
b D IZEFEREORA & VY KREHCTRISHZFHEL 72 0,
TI-LASPO Ofth D 1255 20 mM KPB, pH 7.0 2 Hw
THRIBEAMEL7Z2D DO XL THRP O Db D IZERD
20 mM KPB, pH 7.0 % v CRIGHEZ B L 72 0%k
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AbSisampie-asp s AbStrLaspoas 1 ADSLuRpL-ASH)] &L 7o
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Lrmasroas] 2 722 LBl W 72 {ADSsumpieras)] —
Absiriasrowaspl & Absyag & Lo @B -7 X
NT X PR (Asp [o]) 1, WEtE LCiE#E -7
8T X EkEw (0, 100, 200, 400, 600 uM) % FIv> T
12 1-Asp [o] (uM), RIS Absyag & & D VBB L 728
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702 L7275 ug/mL TIAspR (22U, 20ul) %
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L 720 O R UHRP @ b Y 128 & D 20 mM KPB,
pH 7.0 % FH\V T RO Z i L 72 b @ %2 30k & RIS RS
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1Fo72Y 3k & LT - 7 285 F VBRABE (1,
2, 5,10, 15 uM) % v THEENZERHE pL- 7 A28 T F Vi
TREE, MEEhC Y TR & DR L o E T
L7z @iaded Ld 3mMyELIT- 72,

4. p- FANFXUBEEICRIFT - PANIX CBORE
—Z, BN O D- T ARG F UL L- T AT F Y
WL EHERPE LA DR, BT ARG UVBEARIC
3B - TANTF UV BEAED DL (D/[D+L]%)
3HE LML 2B, 22T, DLE (D/[D+L1%) Ofkw
YTV D - T AT VBB ARBERETERTE S
ZEERMET BT, - T AT X UV BEEEN 0% LT O
100 uM pi- 7 A28 T ¥ L EREEW (DL e (D/[D+L]1%) =
5,10, 25, 50) #ZNnENREL, L2 0®EHRLEEHw

TINSDBEBETD - R 1L- T ARG FUBEER L.

5 RIERICAWS M >4 —HEDRE

AMZERETIE, Fig 1IIRTEHICEKSE TI-AspR
& TILASPO 3L RIBIC X 0 K3 2 @i bk E %,
HRP DHFEAETCT4-T7I /Ty FEY T2/ —VER
S, BT BB A OBOLEEWET S 2 LI
IV - R L-T AN VEEEERT 5. T OMEE{LK
F 4TIV TUFEY Y, 72/ =)k HRP L ORE
&, MY Y% — (Trinder) HIZX >TSS, +Y >
¥ =G EMERST, F72, MY Y Y —RIBICBIT S
Tx ) =NV EORERGARIE M) V7 —HIEE I N D,
—fEIZ, MU VT = RUSTAER T B EBALRE S OBk
BeMmMEER, M) vy —REoMEsEz LI LICK
DELT B ERMOENT VS, 22Tl 2 DBEED
FOGBRICH WS M) v & —RE 2 WE T 5729, 80mM
Tz /= OfbYIZ40mM N- =F )V -N- (2- & Fu
¥ -3-ZANKTEEN) -3- A FFT T =Y ¥ (TOOS)
F7:1380mM N- T F )L -N- (2- & Fa F ¥ -3- Z L7k
TJu¥n)-35- Y AF V7= (MAOS) #HWVwT%
NZFN 45C T 40 min F 721% 70C T 30 min Kt 2 17\,
FNZFN550nm F 7213 630 nm (2B HWSEEELL S,
BEHE - 7 A NS F VB (0, 15, 50, 125, 250 uM) AKIEH K
OHEHE p- 7 285 F U (0, 15, 50, 125, 250 uM) KA
FHWCRMICKD S8, Eid2 & FEEIC L-Asp [o] &
O 1-Asp [t] OERAOBEMEVERL L7z, WEidd 7 <
ED 3MHERY R LT 720
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TI-AspR [ O TILASPO % v 7z p- RO L- 7 A8 5
FUBOPHBFZRERLOE LIRS 5720, ETW
HONRR L LTSRS CTIRA L TWw b IR GUR
T 0 0204) 15Uk & BEE GUEIRS © 004) 1 #B2 MW
T, Lit2o@#HEE Fit3O HPLC 2 HlwTZFh#
NOREFD p- B 1L- 7 ARG FUVBOEEZITV, M
W5 L D 73 Wi e % JLE U 720

BREER

TI-AspR K OF TI-LASPO # Jl\wWw7zp- LU L- 7 A% T
F VRO IR ERLE ORI 2R Lo L 25,
WA RO S & LCRkE L 72 70C, pH 7.0 TlE, p- B
L- T ARG VBEWThEeRELE LZEETH 2045 T
A 3= &Y, 70C T 20 4 LA B RS AU BOG 25
TLTBY, ZOLENTTEp K- 7T AT X U lik%
EETELIENELNE o7 (Fig2)s £ZTo- K
W= T AT F VAR 2 A e L CARBEREIC L
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L-Asp [0o] KU L-Asp [t] OEMRZ ENENER L7z L
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N7 (Fig. 3A, Fig.3B)o L EdfEE, ERiJiEE 2 125
DFEEHNEZEIZXY, WEHD0-600 uM - 7 &
INSEVEE, 0-600 M D p- 7T ANSF Uy Br g/ TE
HZEVHLNE R ST,

KA OEIRED L- T AT F UV BAARE ERIEI
FAFTHBEEZRF L2EZ A, 100 uM E# p-1- 7 A8
I ¥ vk (DL (D/[D+L]1%) = 5, 10, 25, 50) @
WENOEHEP O p- R L- T AT F VB0 TR D ThE
THAZEDRHLNE R o7 (Tablel)s L72H3o T, &K
31, HPLC BCidillE2sW#EZz DL I (D/[D+L] %)
D/PNECIRFF D p- T ARG F VB ERTE LI LN
HOENE 2o 72,

KEHEOISZRICHVSE P vy —R¥EL LT7 =
=NV ofbHIZTOOS # HWT, L- T ARG F UL
D- T ARG FUBERDZDD 1-Asp [o] U 1-Asp [t]
OBERZZNENER L2, WTFhoBEid
0-250 uM o #i P T APE 2% S N7z (Fig. 5A, Fig.5B)o
TOOS # bV =L LTIHWHA, 72/ -
EHOGE L) RS LE LR L, 5%
ISR ORFADPESICLETHLEELZONLD, 7=
J = VERGIZSAIIENT, MBREES L, T8k
FEHCOWMENRTREL 2B 05, MBHFO - KU L-
T ANG X VBBREOK Y Y TR, R oW A
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Fig. 2 Effect of reaction time on enzymatic quantification meth-
od of p- and r-aspartic acid
Dashed line: substrate, L-aspartate; concentration, 600 uM.
Solid line: substrate, p-aspartate; concentration, 600 uM.

500 nm fF T ICHIN Z OB EICERTHH L EZ BN b,
—7 MAOS & w736, 4B Hw7270C, 30 min ®
BB TlE, MAOS OZEEICHENH -7 EZH
N, DFLRMETAIENTE R o7z (F—F7 KB

VIFZEETHRAE L T2 BRI GUBE 7 5 0204) &M
i GUER S 5 004) o p- RO L- 7 AT F BRI E
T, ABREEZHCTHE L (Table2), 7z, F—&
B o p- R L- 7 A8T F VR E % HPLC 3 CTlllE
L., #E# (Fig 4A, Fig.4B) 225 p- KW L- 7 A/85 F
CERRE AR L7z (Table2). ZO#EE, WIhoiE
MO Dp- W L- 7 AT F VIR S B L & HPLC &
TEL—FH L7 (Table2), L724%>T, REEEEIL &
MmO o= RN L- 7 ARG F UV BROEED:E L CRIBT E
ThHbIENWLNE RS,

CNFETIC, -7 I/ BoRERERLEL LT, B
Rhodotorula gracilis ® p- 7 I W+ F 3 5 —E D T60A,
Q144R, KI152E, M213G £ EEIEEHE 2 Fv 7234 F & &~
-l k2R P OR-T7 I B ERY, B
Saccharomyces cerevisiae ® p- V) 7T N7 % —¥xH]
Wiz p- k) YERY, Ureibacillus thermophaericus O X
V-UTIJERY) YBRTe Fu it — XY OERRIEER
p-7 I /EFe Farr—€¥xzfHwip-fvuf o
ERY R ENHE SR T VD, $72, - TANTF VR
DOEEFE R L LT Cryptococcus humicolus @ p— 7 A%
FX¥ UL F T ¥ —E¥ L Pseudomonas sp. D F F Y 0 fif
BFHANEFYF—E2 O HEY IZonTHiE Sh
TWABD, TANGTGEUBEIbx—LL - T ANFTF
Mt &y —EoRBSEMH Lizp- T AT F VR
L1~ T AN FUVROBEFEREOWEIIIZ L, KRl
HEVRIRWOBITH o KUFETIE, BUHRT—FT7 T. -
toralis DSM 5473 H13k TI-AspR & TI-LASPO @ 2 D Djiif
BT HVT o~ RO - T AT F U BROFEEEEE
BEAWET A LI Lz RBEREIL, HICL-7
ANTFVBREABEOHCEMPO -7 AT F VRO
ERICANTHY, 5% AMHOD- T AN F UV IRE
ELO LT HMA LRABTO - T ANRTF VBB L~ T
AT X VBOERNDISHIFE NS,

Table 1 Effect of ratio of p-aspartic acid concentration to p- plus L-aspartic acid concentration in standard
aspartic acid solution on measurement of p- and L- aspartic acid by enzymatic method

Theoretical values in standard solutions

Experimental values (uM)

D-Asp (uM) L-Asp (uM) D/(D+L)% L-Asplt] L-Asplo] D-Asp
5.0 95.0 5.0 985 = 1.3 953 £ 10 32 =17
10.0 90.0 10.0 949 = 06 86.8 £ 6.3 81 =63
250 75.0 250 96.7 = 0.8 750 £ 1.8 217 £ 19
50.0 50.0 50.0 954 = 08 500 £ 15 454 = 1.7

n=3
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Fig. 3 The calibration curves of L-Asp[o] and r-Asp[t] for measurement of L-aspartate and Dp-aspartate con-
centrations using enzymatic quantification method
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Fig. 4 The calibration curves for measurement of L- aspartate and p-aspartate concentrations using HPLC
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Fig. 5 The calibration curves of L-Asp[o] and L-Asp[t] for measurement of L- aspartate and D- aspartate
concentrations using enzymatic quantification method in the presence of TOOS as a Trinder’s re-
agent
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