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Integration of the kinetic uricase method with the equilibrium uricase method

for uric acid assay
LONG Gao-bo',YANG Xian—feng' ,LIU Hong—bo',PU Jun?,YANG Xiao—lan' ,LIAO Fei’

(1. Key Laboratory of Medical Laboratory Diagnostics of the Education Ministry,College of Laboratory Medicine ,
Chongqing Medical University;2. Department of Urology ,the First Affiliated Hospital ,Chongging Medical
University)

[ Abstract]Objective ; To examine the feasibility and the linear range for serum uric acid assay by integrating a kinetic uricase method
with the equilibrium uricase method. Methods ; Uricase reaction curves were monitored within 5.0 min by absorbance at 293 nm in
1.2 ml borate buffer(0.20 mol/L,pH 9.2) at 25°C;the absorbance at 293 nm of a reaction solution minus 5 pl uricase solution was
measured as the initial absorbance,the absorbance after the addition of 5 pl solution of recombinant Bacillus fastidiosus uricase to
complete the reaction was measured as the background absorbance.The difference between the initial absorbance and the background
absorbance should be proportional to final levels of uric acid.By the kinetic uricase method,the background absorbance was predicted
by kinetic analysis of uricase reaction curve rather than being determined by experimentation.The threshold of a uric acid level for
changing from the equilibrium uricase method to the kinetic uricase method was estimated by simulation analysis.The threshold and
the linear range of the integration strategy were examined by experimentation. Results : The threshold was 5.0 pmol/L uric acid in re—~
action solutions by simulation at 40 U/L uricase,and was supported by experimentation.The equilibrium uricase method determined
1.0 to 6.0 pmol/L uric acid.The integration strategy determined uric acid from 1.5 to 60 pwmol/L with resistance to final 30 wmol/L
xanthine ; CV was below 10% for uric acid below 5.0 pmol/L and was lower than 5% for uric acid over 5.0 pmol/L. Conclusion :The

integration strategy for uric acid assay had wider linear range,lower cost and practical analysis efficiency.

[Key words]uric acid;the kinetic uricase method ;the equilibrium uricase method;linear range ; the integration method

i 37 PR R K P 2 S 612 W 185 PR R UL E AR S B ) B 22
TEAR, FREREEX FRER & — 5 , A B W M LS,
PR R RV P T i DAORS: 36 00 52 1 375 PR R, 72 pH 9.2 ATl
BRELG M P IURE 293 nm R ISAR K AT W I PR S R AR,
0% B S SR B S T 3 B R TR AR R Y B AR P
5, SR R DL R R M E WA IR AR B Sk T
R FRERE , U RE 293 nm SR ALFR B R PRIR B , 52 JRER
A LA AL SR B R IR B LT, DR , A R PR BR BV
AT R AR B R & B A Tk R I,

TR0 PR R IMLAE 4 B ML 7 R B RS, B BT S PRI
H R REARG , X L6 PR PR B AR X B GERS SUR™, P LAR e B g
A A B B S B O R M PR PR S IS R T T A i 1R
WO 2 PRIR , LT R0 30 ) 2 FRER R TE-+2), FIX FRERSRAN
TIBARRERAG , BN 7 2 FREQ R XS S B R 30 pmol/
L B0 B B futd, AT b FRAR S T B % SRR B /N T 40
U/L, S N e G B 3% , ML BB SN 70 3 PR IR BT Xt
FEEL PRI 0.90 mmol/L BN Sk, MIAE B T RIS
EREL 0.30 mmol/L®, Ht, XFhEH3h 1% RMMEE
X

B 2 PRGBS BT 0 6 SO I 2%, HEEESR . (1) Bk
TR LR T 0.003 $dE (UL FRAEREE) ZT 51,
() B HTEARHRYTEFE LR T 40%%9, BrLk, 2R AT
&R FRERAR A I BRER AR BT R A RO , X Bl 1 IR
BRERSH T RAEE , F3L b, WEMRE RN A &7
5 IRERREE A U E , W0KE3h 1 2 PRERBEIE AR G IR BR

BRABRA A B I 1 PR AR B AR AR AR B et T FR A
L EBR B WE 293 nm T PR BRI I LI A2
R Y1 PR R 1 31 ) 2 PR R v U 5 FRBR B 52 BB AT
e, REWF TR R A X X, I
PRI AL TR )T B A TR B O PRAE, b R TR R U
RER, BB TR R VMR IRBEE 30 F1 % PRGBS L )
B LTI SRR AT AT P FO R P

1 #EAE

1.1 £ 24F RN H

PRB& | — 2.3 =8 F F Z Bk (Diethylene triamine pentac-
etate acid, DETAPA) SR IEM T Alfa Aesar A 8], HAIK
FIHE ATk, [ 0.020 mol/L B4 (pH 8.0) 28 Mk
Bt 0.75 mmol/L JRERIEIEWE . R 475 B ME IR
MFRARETEESTE—-ARERQRA, B e RBTE
293 nm HE R (e)H 11.5 mmol/(L-cm) , ZEWG FRT LA 293
nm PRIBCHE TE A& 2% PRIV R YR
1.2 FRFBHE RSB T AL fshil

F 58 ES ICER11].7E 18°CH 0.40 mmol/L BN
HB-DEFEHIAER 16 h, IEREAGE S AR, B0 %
PUSE, FIZ 0.10 mol/L Tris—HC1(pH 8.0) & il FAFHIDEAE-
HFHRBEFLBRIERNT, T NaCl £ 0.50 mol/L #5E
VER W TE LAY FI B 2 8% 6 000 ¥k 455 ST A Tris-
HC1 28 MhYBGEHT ; N 3.0 mmol/L BEGNTE 4°CIRAT . R E R






— 1434 —

BERERK¥EIE 2011 4£5 36 &5 12 ¥ ( Journal of Chongging Medical University 2011.Vol.36 No.12 )

AT R B R BR N7 B 28 PP 1B FRER YK CV AT T 2%,
A 40 U/L JRERBGRIE 5.0 min, 3h /12 FREAEEE 2 T IR
2 4.0 wmol/L Ti£& M b BR#E1T 90 pwmol/L,

0080} T 79 pmolL
" *5.0 pmol/L
oosol . = 3.0 pmol/L
_ o +2.0 pmol/L
ﬁ ,‘" l':* <10 P'meUL
0.040 F ™
Q lll
0020k '-..::A‘t... KKKKK :::.,l .
L T g e
: PR P LR LT
h - 100 150 200 250
R IEAE) (s)

2 BEURY 40 U/L FRERER 5 s IBIMRIC R R AL dh 4%

BI I, F 40 U/L %7 3R ZEH0AT A PREZ B AT , A 4.0 wmol/L
% 6.0 pmol/L JRER A 2 #Or k& r M B IR & B XX
3 XTRIE 5.0 wmol/L FREES K 5.0 min P FIFR S ANZ i A)
TR IR AL, , RT A A T PR R I Ik < [R) e d6 Fr) BR R VR FE AL R
18, B A B R RRE 5.0 min BB MCHE 25 K F 0.056 F 5
1 REREEY: , /T 0.056 U FA p P4 FRERERT:

0 BRI e T BB A s, B 40 UL B R
R ZEAUAT T PR RGO, B A 8 PR BR R HETE . 1.0~
90 pumol/L(HBEAL ), M T BREA L R AT MR
R Eh e B, Xt R A R AT I R BR Y R e Bh
2 PREREEHEIATT 4 1%, Lo 2 5P PRIR BB 3R FE 4RI 18 £%,
XU R R AR AR E B IAE,

BE—B A HTRUSUN BHER R B, 7E 5.0 pmol/L FRERET 4N
Bt FH PRERBYS MERRAEC N 5 U/L, IS AL 5.0 min J& BOMR R fb
/NTF 0.040 {HLR S48 RERESV: A IRZE KT 20%, iXFHEUR
FABN 2 IRERER R S A B8 PR R & BRZ T R, SR BB IR
BB V., B AR IREEREZ/NT 40%, A 60 UL FREZES
B, TREREA BEER ., UL TR AL 5.0 min BEHE
B, BIR PO AP R BR B I 5 4 1 AL RRME 75 R R PR BR B 5 1 A BB
&FBrifE EUE ; Fsh =R 2Rl A i fg v, R4
BRI BT PR BRBE TS M R B S EOR,

22 S RBHE IR E 6 TATH

T 20 s D RL S PEE LR FRMHE ST B PR
SRR E 3, FTRAW R FRTEIRRES K, K
0.20 mmol/L, #5841 T i — B LR , MR T 48 SRR
SE 6 B2 R Bh 2% S RN il 2R 1 B3 2 R E T RN T HR A
B BAL TR S, SEMBHREN KRN ERE, B3R
N7 30 s R EEA FIEGER, RS 30 s J5IRER
BRI N A BEIRBIRR S . oAb, W L RhER A Ye R mT 0L, 52
5 SN 2% B REATLIR WG 25 7T BB/NT 0,001, FRERBE UL
FrE] =4 5-BEFIRERAE 302 nm A R kg, I a] =
YFEHEREL PR G i (B RNEHRMBE SRR, X
A RER AR R R AT R K MREZ—, BTkl A $E
T A, 3BT SR 35 s Ja BOBE

ME 3.0 pmol/L JREEFZ I 5.0 min AL A 2L 4% 1] i 1k
2 5 AN SR, TH L 5.0 min B b Bh 7 25 12 TR
A, B 0.001, 4T 5.0 pmol/L FRER NI BHZRBTE A, AL LR
BE 5.0 min B UAE 0.001, 43#7 7.0 pmol/L FRER SN BH R FF
18 A, HLRBE 5.0 min WOBC/K 0.003 DAL, IR S 45 PR IR
BB RREEE R W E 5.0 wmol/L FRER M R UL,
H: SD #8K 0.001(n=5) , £ 3 AT FRERBE IR FUSMTE I 1.5~
6.0 pmol/L, FRRIH, B 40 U/L #FsRZFAUFT 1 PR BRI A , R 5
FAGETT I R 6.0 wmol/L JRER, T 5.0 wmol/L JRER
BV B PR R B 55 4 A FRER YR FE S BRAEL .43 HT 5.0 pumol/
L IRERE N2 AT18 V., 5 20.0 wmol/L JRER 4T K N 3
BEFIER) V. HZE/NT 15%, 71 0L, FE B FIR T B i IR
FavE & R RRME R, 3l S PREREG L BTAR V., VT F T Bl

BB TR B PR RS P SR 7 W R BEK
0.080,
o *7.0 wmol/L
x 5.0 pmol/L
0.060f +3.0 pmol/L
+2.0 pmol/L
g +1.0 pmol/L
< 0.040F
0.020[' “"--.::"-...:rk" """ *aae,
e
0 50 100 150 200 250
S REEE] (s)

3 F 40 UL FREREE 5 s MR ICRIRMRERERA0 R R i 22

2.3 BRAHAERER 4G KME B Al R A

F 40 UL AR AT RIR RS, Bk E IR T
JLEM 1.5~60.0 pmol/L, FH&M T RS FL R FESAKT
B 12 PRI L Y 50% , e b BRIA B i A IRERBE TS I
FRIL 10 £ (1 4) , 22 Mg R 38 >0.98 , 76 KR AR R FRER MK
BRRT, 2 R T I B A 2 LR R U R 2 R
XA RE R RO LT R TE M PR AR G BB AR Rk 1 ERR IR
FEFHE, 20 UL KREEN, 30 ) 235401 R 35.0
pmol/L; 5 FAHRITE AR B 55 — s SR EFHOAT B R BRAG A 248, B¢
FAVEAES.0 pmol/LLA F2E R REUNF10%1i5.0 wmol/LLL I 7J
T 5%,

8001 |, s

oo RAVHED: <7 a

SBG W E PRER YR BE (pumol/L)
5
[~
=)

0.0 00 400 600 800
TR BRI BE (umol/L)
4 B0 UL HRFBAHRBBE TR
T 7 PR MR B B 2%



EHRKERAFEIE 2011 £5 36 &% 12 83 ( Journal of Chongqing Medical University 2011.Vol.36 No.12 )

— 1435 —

FH 30 pl IR & 468 5 AR 7R PR BR R VR R 4.0.18.0
pmol/L 71 41.0 pumol/L B, #1in B IERS B & ¥ B 10.0 pumol/L
% 30.0 pmol/L Xl & FRER IR R/INT 3%, T 4% Ve B T W 8
RERE B CVs #E1R 3% (n=3), FIFCKT ¢ B 4H4T, RBLHE
RS R P L PR BRI B B T (P=~0.262) , N E IS
W BB EFTRE K2, 5118 V., BN 15%; A K IE
B K, MIMEER IS V., FRERT 60%, Eit, Bk B
FAPRBREEE AR T A BB B IS T30 F e Wb 7
PR AT W R T BB R TR R R 15 B ] Y A R R A A
SR RBRAE, SEBUBIRN 7 iR e i,

3 3 #

PLIEI 293 nm WAL HERE, &SP sh S
BRI SN E SRERD, B LA R FIA SRR . (1) ERAG 2 F
J5 AR AT I PR B VR B Y28 XK 385 (2) BB 38 X KN A A
A S B3N ) A R A SR SN B ) PR R VR B AR A
— AT AR TR L ERRE B 2R TR R,

4 PRERYR B T A SR BB T B o R E
B8] TSR RN B A5 RN BT s AE SR B TR1 48, 0 S /R B AT /T Dy
20 s, FRMEIEME PR BR GRS 155 vk B PR IR 75 4 A ) B2 LA RBK 2
JRYIEFELLBIEER X SRR HTRCE . FrlL, A 40 UL R
FRESHE S 20 s, LA 10 s [AIFGIC R 5.0 min JREEEER SR,

IHCHR 3% DA 48 15 -1 PR R 2 A 31 7 2 PR IR BV B B
VEALFE 7 B, TR 2 FhOT AT BE AT SR 00 E ) PR AR VR
JEE 3T DK I3 S BHE 43 AT 5 W 4 ) PR IR VA BB SR PRAEL, ALAL R
R PR ER T B B 27 B 18] R R4S 2 Fh I i 0 R Y0R8 A4 PR BR VR
BERNRIR, 3177 REME TR T RER R FE L),
TR ROTAEE: L BR AT A 2 Fh oy ik s PR VR BE SR RRAEL, 1k
I P v BT P PR BR B {0 40 U/L T FA AR 55 4 0 B FL R
BRI MR T 400 U/L, BhB¢ FH 4 P 90 BB B 58 B4 At
[E]{XFE 5.0 min, TEER A FIRL RN FARPEE, HBH
2t 30.0 pmol/L EIEM A HitE, X B IATHTA K ERL1L
R RF SRR EMRR, 223087 A IRBR AR tE4F
(BEERER), &5 HIES AR IR, L, BRAER
IR P PR R G W) A5 B T AT TS R EL AR T R

M B2 M A B, A SCPTR A [R] SRR B v (9 22 S
FEARIIT TR, B B R R —Fr &R A
B ¥k , FLF— b SR SR8 T 9 ST DL R PR BR WK BEVE FE (G2
RS BRI 22 ) B Bl & R T ik, AT
HRAEKE 43T g S0 2o 7B A s 1 BB WO T k1O, (H 2
A AR L 0 Pk AN EE SN AR AT BRI e IR &
Dade Behring 4 Dimension RXL &3 B sh4E= b4 #7{ ST 12
$£ 293 nm JEIRIE FRER , BOHIE AR B T ¥ LR, 57
Sh, BT IZ R TR R T, MK A R T BB R R A —

FEAHTRRL I R TR B B b T 7 ik DT B BN 1
T HEGIRASAR T A2t VE FE BLAR BT TRR

2 £ X MW

[1] Ramazzina 1,Folli C,Secchi A,et al.Completing the uric acid
degradation pathway through phylogenetic comparison of whole genomes
[J).Nat Chem Biol,2006,2(3):144-148.
[2] Kutzing M K, Firestein B L.Altered uric acid levels and disease
states[J].J Pharmacol Exp Ther,2008,324(1):1-7.
[3] Zhao Y S,Yang X Y,Lu W,et al.Uricase based method for deter—
mination of uric acid in serum[J].Microchim Acta,2009,164(1):1-6.
[4] Liao F,Zhu X Y,Wang Y M, et al.The comparison on the estima—
tion of kinetic parameters by fiiting enzyme reaction curve to the inte—
grated rate equation of different predictor variables[J].J Biochem Biophys
Methods, 2005,62(1):13-24.
[5] Hande K R,Perini F,Putterman G,et al.Hyperxanthinemia inter—
feres with serum uric acid determinations by the uricase method[J].Clin
Chem, 1979,25(8) . 1492-1494.
[6] Liao F,Tian K C,Yang X, et al.Kinetic substrate quantification by
fitting to the integrated Michaelis-Menten equation[J].Anal Bioanal Chem,
2003,375(6):756-762.
[7] Liao F,Zhao Y S,Zhao L N,et al.Kinetic method for enzymatic
analysis by predicting background with uricase reaction as model[J].J
Med Coll PLA,2005,20(6):338-344.
[8] Liao F,Zhao Y S,Zhao L N, et al.The evaluation of a direct kinetic
method for serum uric acid assay by predicting the background ab-
sorbance of uricase reaction solution with an integrated method[J].J Zhe—
jiang Univ Sci B,2006,7(6) :497-502.
[9] Zhao Y S,Zhao L N,Yang G Q,et al.Characterization of an intra—
cellular uricase from Bacillus fastidious ATCC 26904 and its applica-
tion to serum uric acid assay by a patented kinetic method[J].Biotech—
nol Appl Biochem,2006,45(2):75-80.
[10] Liu B Z,Zhao Y S,Zhao L N, et al.An integration strategy to esti—
mate the initial rates of enzyme reactions with much expanded linear
ranges using uricases as models[J].Anal Chim Acta,2009,631:22-28.
[11] Zhang C,Yang X L,Feng J,et al.Effects of modification of amino
groups with poly(ethylene glycol) on a recombinant uricase from Bacil-
lus fastidiosus[J].Biosci Biotechnol Biochem,2010,74(6):1298-1301.
[12] Liao F,Yang D Y,Tang J Q,et al.The measurement of serum
cholinesterase activities by an integration strategy with expanded linear
ranges and negligible substrate—activation[J].Clin Biochem,2009,42(6):
926-928.
[13) Bh BESIFGEHM]IUE . AR AR AL 1999.71-75.
[14] Priest D G,Pitts O M.Reaction intermediate effects on the spec—
trophotometric uricase assay[J].Anal Biochem,1972,50(1):195-205.
[15] Kahn K, Tipton P A.Spectroscopic characterization of intermediates
in the urate oxidase reaction[J].Biochemistry, 1998 ,37(33):11651-
11659.

(FAeshit . LHR)



