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An integration strategy for the estimation of kinetic parameters of an enzyme

at substrate concentrations lower than Michaelis—-Menten constant
Jing Yixian,Rao Jingjing,Liao Fei,Yang Xiaolan
(Key Laboratory of Medical Laboratory Diagnostics of the Education Ministry,
College of Laboratory Medicine ,Chongqing Medical University)
[ Abstract ]Objective . To estimate Michaelis—Menten constant(K,,) and maximal reaction rate(V,) of an enzyme through the integra—
tion of kinetic analysis of reaction curve for the ratio of maximal reaction rate(V,,) to Michaelis—Menten Constant(K,,) as V /K, with
the initial rate (V;). Methods :Bacillus fastidiosus uricase (BFU) and its mutants (A1R,A1R/V144A) calf intestinal alkaline phos—
phatase (CIAP) and Escherichia coli alkaline phosphatase mutant R168K served as the models. Reaction curve of uricase was recorded
as absorbance at 293 nm with uric acid as the substrate while that of alkaline phosphatase was monitored by absorbance at 450 nm
with 4-nitro—1-naphthylphosphate (4NNPP) as the substrate. V,, /K,, was estimated by nonlinear fitting of the integrated Michaelis—
Menten rate equation with the predictor variable of reaction time to a reaction curve at a substrate concentration smaller than 10% of
K.,and Vi was estimated from data for initial rate reaction at a preset substrate concentration. In the integration strategy, K, was
derived from the ratio of V; to V,/K, for the same enzyme quantity and V, was thus derived from known V /K, and K,. Results .
Reference values of K,, were estimated with substrate concentrations ranging from about 50% K, to about two—fold of K,, by Eadie—
Hofstee transformation of data. In the integration strategy,the use of a higher preset substrate concentration to estimate V; gave K,, closer
to the reference value;when the substrate concentrations preset to estimate V; were varied from 35% to 120% of K,,,the derived Km
was consistent with the reference value. By this integration strategy under optimized conditions, it was found that the decrease of the

activities of BFU and its mutants at physiological pH was caused by the decrease of their V,, rather than the increase of their K,,.

Conclusion . The integration of V, /K, estimated through kinetic
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analysis of reaction curve with the initial rates at preset sub-—
strate concentrations lower than K, for the same enzyme quantity
is suitable for the estimation of V, and K.

[Key words ]Michaelis—Menten constant ;uricase;alkaline phos—

phatase ; kinetic analysis of reaction curve



BERERKZEFIR 2018 £5 43 55 11 #1 ( Journal of Chongging Medical University 2018.Vol.43 No.11)

— 1465 —

K EC R FH oK FC B 20 (Michaelis—Menten con—
stant , K,,) F1H RS 33K (maximal reaction rate, V)
A YT XS A 23 R0 AT T RS e B A B
1oy TR K, A4 e A AL 24O Y SR, {5
7 A SE I S Bl S AR A K, RV o XK T, 75 AT
FEWGE K, ABEMEH V.o WAE K, AT 5344 2 i
(the initial rate,V,) X MIZ{KT K, i@ T K, R
W i 812 R TC A7 A i st g A e v
K., AR B2 T Tt B 1w 2y g 2 e B e A — A i
T K, M — S AR EE T V0 il e 1
LARPRAY A, Y K, = TR T G
S EEANIE A IE K, 140, PR R = RS
SIOCHE TS 2 HENA T XETR TR e —A
Ry, BRIR T  H o SR AR s pH A
TR T PR R AR E MR DRI R M T AN
0.13 mmol/L JRERM E 293 nm WG (absorbance
A) BRI E LR B R AT R PRIR I (Bacillus
fastidious uricase ,BFU)#iti pH £ 9.0 HKEPERI
DO R HAEpH7.4 FAESE PEF |, (B pHT.4 I 43
FEAUAT fe il pH 1Y 30911215 Z2 50 FUA% IR 2 I
pH 7.4 BHE ML & pH T B 60%(H Fa E M55
22 HIR A BEARAR . AE i pH I BFU %R K,
REs =N RERAE BFU ol pH Al 12
IT 1.00 mmol/L, fHAE pH 7.4 WA B iR 1 0.40
mmol/LI10, - FRGWUIT5 -1 by PRI Bl e 1 1 X7
pH 7.4 B} 5 LU H & Ak, BFU 7€ pH7.4 1) K,, 87T
RE ] 3G M PR A HA R B2, $2 /5 BFU X4 s il
IR F s 7, AR, FE BFU 1Y K,
K v, %5 pH e A RE R I o3 2iosE O e R A
M

TECYIHR FE IR T K, T 43 B i 2 s i il
N R RE AT I V. /K, ATEEIE VK, R
K] FHIE AR T e AR TR Vi V5 VLK,
FCfE K EC T FRRB AN BT Ko USRI K, BRI
AW (activity index integration approach, AIIATE) ,
TS H TP AR BEAR T K, O, PRIR B YY)
TEAHE pH VAR T BRI T K, (B IR IS
YIRS . AN SCH BFU FIRR M B R Bl R A7 |
S I SRS LIS T K, AR 4R P 0 5 01 3ok
VIS K, BRI SEPE, 15 TR E BFU MOH R AR
TEPE pH ROV AR 5 R B 15 H SR s DN 7 iy
K, A FIA Ik BFU 78 pH 7.4 5 K, IFTC

B e i v, AR R

1 HRFTTE

1.1 A4 Ae X )

BFU B G875 A & 15 434 SAy s iy Je FH U, K A T e
TETR A AS R R168K FikEh A4 pET28a Ky ILHTAE HEIS A=/
A% R E B R CIAP FJRIOR B Sigma—Aldrich , KI# AT
A BL21 (DE3) B2 2 0 M ) b 50 4 1 5 A B A BR
) A-fi - 1-Z5T (ANNP)2E A Alfa—Aesar; 4—fif - 1-2%
SRR (ANNPP) ZS LT 7 e DA AR BRA w4 5, B
FREH  Tris 250k [ _LIRTRL T AL A BRA
12 Bt 4) &

¥ pET28a ik FARFL AL B KA BL21(DE3) &3z
AN, 75 37 °C 180 v/min 7 A 77 B 0w e 48 AT R
600 nm YEHFETE 0.5~0.6, ML L 1.0 mmol/L 175 5 7
IPTG 7E 16 C B SFIAMG 21 h, B5OWCEEAI, S Zhfpes
BLOOCE A LS . BFU/SSZRIRH] DEAE-ZF4E 2 24T 2
walifbis, KA i B R (ECAP) 2878 /A& R168K
Ni*~NTA-IAEWEZ T alA 7 il £ 1) T4 s i 1 e 3k
TR AN SR A BE MR FEL VK (SDS—-PAGE ) 7 843 Jy B —
EFJIN:N
1.3 W R v 2k

Shimadzu UV 2550 536G EETTDL 2~10 s AT B, i 4k
TSN N2 5 e I PR R TR S 0.20 mol/L pH 7.4 5%
pH 9.0 THERENZE BI, i 5% 293 nm BE 308 nm 4b A {E™,
Asgs o F1 11.5/(mmol x em ) ZE B IR T R B E IR IR, L)
B PRIRTE 308 nm AT G R AL s B PERIR T S A 1.0 mol/L
pH 9.0 #4 Tris—HCI ZE M, 105 Ao 22 AL 3 7E 450 nm
SE ANNPP Z2 FBE /R 31 6 2 50h 25.9/ (mmol -cm), %Al 2
it , #F AN B3 2.0 min P9 SR BB 2 Vo532 5% 20 min
NIHFERR AT 90% I I vy 28 A ek FR s e v, /K20 i
N FrR AT K, T HES S V.

14 3V oV, IK,*RIEFLK,

NI EER K, B =2 BE /R AT (mmol/L) . FH MS Excel
6.0 [543 BT 3 0 5L 30~90 s [] $CHE i 15 e i RECK T
0.99 MR FE R V,(FAAE mmol/min) o 5 50 i £k Bk # =X
AR SCA SR %A PCFenzyme S04 5E V.. /K™, ANNPP
76 450 nm A RS, HT 0.01 mmol/L ANNPP ¢ S5 Pk
T2 it 52 7 F 200905 T LA ST s ) Sy 1 7258 o ) R o8 B R
M B Rr I ERAS TR B R I V, /K72, BFU B 98k K, 4B
#10.22 mmol/L; Z3H T 0.02 mmol/L SRR HIZRAS V /K .o
ShAE TE Tl e T A Tl 1 it 1) 5 S e B 0 4 P, 2 HX g AR
Ay TR T G | ABERRER A ] 35222 CIAP 2 ECAP 2848 1
R168K 4 K,, £ 0.20 mmol/L; ] 0.20 mmol/L, 4NNPP {5
FRER (A1l e o A S LA ) 5 50, A I B AR AR RN )



— 1466 —

BERERKZFIR 2018 £5 43 55 11 #8 ( Journal of Chongging Medical University 2018.Vol.43 No.11 )

DI 8 W B (s) N v, SHIA B V., /K, LEAEH n, TR
TR (2)FF Koo
1.5 Htefapa a2 oy ik

L MERF AT NE K, STl X 2 5 AN
He BRI . Lineweaver—Burk B0 5545 3Bk iR L-B ¥,
Hanes—Woolf I 7% 46 53 71 4 FX H-W % , Eadie—Hofstee
BARFAG S DA TR E-H 512, LAY E R4 (determination
coefficient) FCEBEHE S 307710543 AT 400 35K 88 X5} G 4k J8 ) 1 F14)
PR, TS K, SPSS 11.0 #4740 333 HAP- 4 ArifE
24(SD) B RE(CV) S50 s 8 R DI + Wil ZE (v £ 5)
FOR I 225001 TS REAS ¢ A IS AR UEA T LA, K 50K
HE a=0.05, L E-H Y4387 V. XF 50%~200% K, i< 9k 2 i
NJIAF K, WEHH,  TH AR E ST s K, i
S 2E s R UL, T ¢ MRBRAT LA S (R e 42

2.1 BEAERNE K, 045 mAF T S

%} BFU 287848 A1R/V144A 3 Fh 2 B8 56 40007 4y
B 509%~200% K., Pk B i 1 K, G5 R A B g = 5%,
L-B {118 K, W1 & T H-W 38 K, 5 3 2 B
BTN K, B9 CV B8R 225 . % CIAP, 3 Fliidin %
PI5 ik Fifs K, REMEA OV SRS F 2 R (R 1), B,
XF 2 FhiE, E-H 3015 K, 19 CV #0763 Fhgs i
P H A5 T AL BTV, 6 IS e B 1 i oy R B E-H
SIHT TS o BB R T E-H BB K, Wk
B VW S K, 5500 50%~200% K., SR EESL R V, i
NS K, o225, Bk, DR E-H B0 V4 50%
~200%K,, JiE )R B B TS K, B A, LA Bk FH R s
FHAGHE e K, vl 584k,

£1 ZHITESH 50% K, E 200% K, IR EFHE K,
(n=11,mmol/L )

K,
fit Trik s . FAH PAE
A1R/V144A  1-B 0.10 0.34 +0.03 3.599 0.040°
H-W 0.15 0.30 +0.04
E-H 0.12 0.32+0.03
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V144A 7€ pH 9.2 BF , H L-B 355 H-W L5 K, A B & 25 5 (P=
0.013)

IS IS v, i S IR Y B WL S A S K,
(I 1), X BFU 284544 A1R/V144A F1 CIAP, % % Ji Wik
() F vV, SHIFEER V. /K, B EE 0 BEIGE V, 5T R Bk

FERE T TR (1A B, FiAS K, G 22 [ 25 2 /s (&
1C.D), Hidr pH 9.2 B8 AIR-V144A K, 28 N (0.32 =
0.03) mmol/L;pH 9.0 I} fIT15 CIAP K,, 2% {H 4 (0.24 + 0.02)
mmol/L, B¢HISEMIN & vV, FIr s Wik B /N T 35% K,
B, I5C SR M i A5 K, A B S R A 22 5 I v, 6 I IS vk
T 35%K,, J5 , At K, B0 e 575 (H B IR PV i 4k
SR H B 56 2 2 AE WAL 3h 5 W5V, R 409 BE A
35% K, BTt %) 100% K, I, g K, ¥ TR, BRI
2RI 20% (B 1E F) . dnillsg v, Frik e Iy ik
80%~120% K., W1 FH & T A5 K., I sl 5 /N H Y {E 3 4250
Z%(H,

2000 LY
160.0 1600 | t
1200 1200}
S = [
80.0 80.0 [
1
400 400 £
00 0.0 """ 00.0 2000 3000 4000  500.0

100.0  200.0 300.0 400.0 500.0

JRAR (umol/L) A-fif A1 ZEAEBEARER (wmol/L)

A.n BEWE VBT FH IR AR B. n BEWZE VT

WAL s ANNPP ¥ Ji A a3
400.0 300.0
2300.0 2240-0 - %}%TTJB_’__
] F180.0
22000 =
5 1200
Ll 60.0
00 1000 2000 3000 4000 500.0 100.0 2000 300.0 400.0 500.0
R umollL) 4= -1 ZEIERETARA (pmol/L)
C. AIR-V144A [ K,, Kt D. CIAP 11 K,, Kl &
JE VI I PRI V, T ANNPP
AR L FaH WAL g
30 25
. [N ettt tL : """""" e . g &
§ ."‘l \! i/ i\\- 25 \ —
30 } 4
g / £ 0
£ H
[./ 75 /
-90

00 1000 2000 3000 4000 5000

100.0 200.0  300.0 400.0 500.0

PRI (pmol/L) A-TilE—1 ZEIETERRTG (pmol/L)
E. AIR-V144A K FHXF F. CIAP 11§ K., A%} 22 Fifi
A2 BN 22 V T PR TR WFE Vi I} BT 4NNPP
WAL s JEAE

A.C.E o' ATR-V144A F] pH 9.2 ZZ 43 ;B .D.F *h CIAP f] pH 9.0

G

1 MEXEERT ARYIREX AlA EHEE n 1 K, BIS2IE

HE—2P LU SR 5 22 Oy e ANl K, 25

50%PEEPIRE R A K, iTEEME, X ATR/V144A , &3 1L-B
A H-W L0118 K, 525 A0 Y R H 4 R
— B T E-H BEFTS K, 55 %A I E FRE B



BERERKZEFIR 2018 £5 43 55 11 #1 ( Journal of Chongging Medical University 2018.Vol.43 No.11)

— 1467 —

IR (RIS TS K, 525 A L0 25 5+
AR K (3% 2) . XF CIAP, JH] L-B ¥:H0 H-W ¥: s
K, AR L 22800, B H-W 353 LA LA St
F5¢, MM E-H 3% KBRS TS K, Y5 S A L IE5
RS WL Y05 K AT R e B 2 ik B PR AN
50% K, I, B TS LU AU 46 B-H 3575 N B 2 07 W i1 4
MEH K,

F2 NHERMIREREL 50% K, WERETEREE K,

(n=11,mmol/L)

K

fity Jrik: yes - {8 P1H
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