BRIFBES SORICTFERICEDC
REZRODEATNVHAZXT AV IT A DEE

[LEPNAAE

Consideration of a double kinetic assay
for urea nitrogen determination
based on enzyme 3D structure and reaction prediction

Yoshiaki Nishiya

Summary An enzymatic kinetic assay for urea nitrogen determination using urease (EC 3.5.1.5)
and leucine dehydrogenase (LeuDH, EC 1.4.1.9) is already in widespread use. Because of the
extremely high K. value of LeuDH for ammonium ions, the method has application as an
automated double kinetic assay. Here, a closed 3D structure model of LeuDH was constructed by
homology modeling, and subsequently compared with the open structure and with other closed
forms of amino acid dehydrogenases. As a result, lowered substrate affinity of LeuDH adapted to
the assay method was predicted by structural interpretation of the narrowing of the active site
entrance of the closed form of LeuDH. Changes to K. values were also predicted for enzyme-
substrate complexes. The excellent suitability of LeuDH for use in diagnostic reagents, and its
tolerance for changes in characteristics, were demonstrated by simple simulations of sequential

enzyme reactions.

Key words: Urea nitrogen, Double kinetic assay, Leucine dehydrogenase, Structure model,
Reaction simulation
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1. LeuDHAZ M & O 5

LeuDH7 X / RECHI DA ET D —H—F L=
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YUK B 0 — X IR E TV OREEE
i¥. ¥V 7 7 = 7MOE (Chemical Computing
Group Inc., Montreal, Canada) % f\>THT - 72,
LeuDHO#GR I, §CITA4 — 7 U S SfigH &
LT\ B Lysinibacillus sphaericus (IH % Bacillus
sphaericus) & U727 (KLeuDH®D 7 3/ BEFRIE:
364, 7 X/ BRECH O UniProt ID: Q7SIB4, 4 — 7'
> W5 OPDB ID: 1LEHa)o R ET Y —E T
VT DR — AREIEIL. Rhodococcus)& KD 7
LZWVT7 =7 RasrF—+ (PheDH) O
71— A FHiEY (PDB ID: 1C1Da) % FHV 72,
1C1Da® 43 f#fE1X1.25 A . LeuDH & DA [ 1k 1%
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L OCa BT E O ZF(R 2 [root mean

First step: NH,* + 2-Ketoisocaproate (2-KIC) + NADH
Leucine dehydrogenase (LeuDH)

Urease

Leucine + NAD* + H,O

Second step: Urea + 2H,0

2NH,* + CO,2>

NH,* + 2-Ketoisocaproate (2-KIC) + NADH
Leucine dehydrogenase (LeuDH)

> Leucine + NAD* + H,0

Fig. 1| DKA method for urea nitrogen determination.
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6 U/mL, 2-KIC: 3 mM, NADH: 0.2 mM) 300 uL.
#oat# (7 L7 —¥: 100 U/mL, LeuDH: 14 U/
mL, 2-KIC: 3 mM, NADH: 0.2 mM) 100 uL& L
7207 LT — X ORFITK T HKLEH, LeuDH
DT YEZT. 2-KICE X I’'NADHIZ X § 4K,
filild, 2 Z110.5. 100-800. 0.313 & 170.035
mM & L7z (Toyobo biochemical department/
Enzyme product list, http://www.toyobo-global.
com/seihin/xr/enzyme/e_top.html) o
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oo A

FLeuDHA — 7" > Hi#& (1LEHa) & EAQAbHE
72& 2%, RMSD (Ca) |3447A /3467 3
RS L R E REF R D 517, Fig 212
RYIEY . LeuDHIZ 7 11— X REEEANDITT
R LEE R E T AHEESRE T o7
EHIT, KT I/ BEEOCaETFIZOWTH
— 7 Ui L 7 10— X Wik & CRMSD % ik
L7-& 2% (Fig. 3). FKifi % B\ CRMSD2Y
DL E & % 6fATHERR L 72 (Glu-21, Ala-89,
Asp-90, Gly-141, Ser-142, 7z 5 M| ZSer-168) o &
NSIE, WFhd ¥ — U REEOTHERIC A E LT
BY., BEEESHLABOTEERLE L
RAVEATIA T A EEZ 5N D,
JRFZLEFDODKAIZ & - Tl LeuDHZ 1T —
A FEEDT | =TT BEAMESEE T
Hbo FI Ty 70— X FHEEDIFMEFED
OFEMEEY Wiz 2AH, Ty EZTHTH
BRIV D L 720D T Y kT ¥ AR Tk

Fig.2 Superposition of model structures of the L.
sphaericus LeuDH. The superposition of open and
closed forms, which are colored cyan and magenta,
respectively, was performed using the MOE
software. NADH and 2-KIC are represented as
space-filling structures. Hydrogen, carbon,
nitrogen, oxygen, and phosphorus atoms are shown
in light grey, dark grey, blue, red, and pink,

respectively.
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Residue number

Fig. 3 Distribution of RMSD between open and closed structures. Residues in which

RMSD are 9 or more are shown by arrows.

Fig. 4 Comparison of active site surface structures of three closed forms (A: LeuDH, B: PheDH, C: GluDH). Substrates

are represented as space-filling structures. Carbon, nitrogen, oxygen, and phosphorus atoms are shown in grey, blue,

red, and pink, respectively. The active site entrances are shown by arrows.
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— ¥ (GIuDH) ®» 7 1 — X F# 7% (PDB ID:
3ID1) O+ T ¥ A bLeuDH&E V) JEATY A%
o 7273 PheDH & HBE S % Lk e o 72 (Fig.
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Simulation of DKA assays. It was assumed that the assay reagent 1 (300 uL)

and sample (15uL) were mixed and incubated at 37°C for 5 min, and then the

assay reagent 2 (100uL) was added and incubated at 37°C for 5 min. Time

courses of the reactions were compared when the K. values of LeuDH for

ammonia were 100-800 mM. The assumed concentrations of urea nitrogen and
ammonia in the samples were altered (A: 20 and 0.08 mg/dL, B: 60 and 0.08
mg/dL, C: 20 and 0.24 mg/dL, and D: 60 and 0.24 mg/dL, respectively).
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Fig. 6 Close-up views of the active site regions of LeuDH
surface structure. NADH and 2-KIC are
represented as space-filling structures. The Glu-
114 and Asn-183 residues are represented as ball
and stick structures.
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