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A NewM ethod of Kinetic Study on the Reaction of Plasn inogen Activation

DAN G Xin,JI Jian-guo, RU Q iang, YAN G Jing-xin, YU M eimin,RU Bing-gen’
(N ational L aboratory o Protein Engineering, Peking U niversity, B eijing 100871, China)

Abstract In the study of the activity of all kinds of plasninogen activator, it is mportant to
detem ine the kinetic constantsof the plasn inogen activation catalyzed by plasn inogen activator.

But there is no suitable method for this experiment To find an expedite, shortcut plasninogen
activation study method is very mportant Expression of plasnin generating rate (v (Pim))
expressed in detectable variable was derived from mathematics reasoning of this reaction, the
kinetic constants Km and ke can be easily calculated by the value of v (Pim) and other know n
guantities Thismethodw as used to detem ine the kinetic constant of the reaction of plasninogen
activation w hich w as catalyzed by Pichia pastoris expressed human single chain urokinase-type
plasninogen activator. The result is Km= Q 648 tmol- L™, k= Q 0626 s * coincidental w ith the
former result(Km= Q 4- 1 1 mol- L % k= Q 02- Q 093 s *),which means thismethod is
reliable Thismethod isalso expedite for it only needs some kindsof substrate and am icroreader.

Key words plasninogen, kinetic constant, single-chain urokinase type plasninogen activator,
purification, characterization
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Pim + VLK (Vall eul ys) + (p-nitroaniline) p -
NA

(p- NA) 405 mm
(1)
, Plg ,
Pim , [PIm]- t v
(PIm) ™2 .
(2) :
, , Plg
: [Pm], [Pm]- t v
(Pm)® *©
(3) ,
te- antiplagnin,
oe- antiplasmin ,
(streptokinase, SK), SK  Plg
Plg Pim, PIm SK 0k -
antiplasnin . ,
[Pm], v(Pm) ™ .
(4) ,
, V€
L v,
L inew eaverBurk Kmm  Keae® '
4 :
UK
: 96 :
, L
) PA
Km Kcat
1
1.1
1.1.1 U-PA)
pPIC9K-U PA
(Pichia pastoris) : ( S-2444
144 000 U /mg) -
1.1.2 S$-2251 Chromogenix-Instrumentation
L aborator Spa( ), (5.7 U /mg)

Signa TBST (50
mmol- L *Tris- HCI, 0.038 mol- L 'NaCl,
0.01% Tween 80, pH 7. 4)

1.1.4 TECAN Rainbow Reader (
).
1.2
1.2.1
[: PA + Plg—5™=—pa » plg—==— pa
+ Plm

II:
Pim + S-2251 K=" —pjy » g-pp51—Keatam—

Pim+ VLK+ pNA
) I t
pim vi (PIm):
_d[PM] Vae- [Plgl
ViPim= dt = Kme+ [Plgl:
Vm = Ket- [PA], t

_c d[Pim];, . _
[PIm]—J' St dt =

Karpn ®* [PA]° [Plgls
I Kmem + [Plg]:

* dt

[PIg]:= [Plg]o-‘]’;v[(PIm)- dt< [Plglo- vo
(Pim) - t, scu-PA Plg Km
0.4 1.1umol- L * ,Ke 0.02 0.093 s’

(3.1 [PIglo= Q 1 pmol- L % [PA ]=
1 4x 10 °mol- L™ * vo(Pm)=0Q 02x 1 4
x 10 °x Q 1x 10 °/[(Q 4+ Q 1) x 10 °]= 5 6x
10 “mol- L * s % 0.1 mmol- L *

17857 s 297 min, 40 min
5.6x 10" x 60x 40= 1.344x 10 *mol-
L',  0.1umol L

-1

40min [Plgl:= [Plg]o,
[Plg], [pim] : :
_( kae* [PA]-[Plg], . _
[PIm]—I Knm + [PIO] dt =
kaem * [PA]* [Plg],
Kmm + [Plg] T ©
C1 .
Kae- [PA]- [Plg]
Kot [Plg] - V(PM)
[Pm]=v(Pm)- t- C:
Il ,pNA V (p- NA)=
Vioew: [S2251]  Kewew- [Pim]- [S-2251]

Kmpm+ [S-2251] ~ Km pm+ [S-2251]
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, [S-2251] (1.5mmol- L™ %) : [PA In, v
i -2251 m, =2 . _m.._BA_[_g_].
1 plasnin S-225 Km.pm= 250 tmol (PIm)=\é N l;ll Ve - V.
L2 VNA)= Keavem- [Pim ], mpm+ [Plg]
‘ ] [PA] , Vmm= Katea: [PA]
f kcat,PA .
[p-NA]:I ‘in—NA—ldt -dt:J'kcat,pm- [Pm]+dt 155
1.2.2.1 S-2251
I 1 [Pm ] 96 3mmol- L°* $-2251 45 pl,

[p - NA]:Ikoat,pm' [Vem * t+ Ci]* dt=

_]thcat,ph'l ® Vrm) * tz + koat,prn *Ci*t+ C2

p-NA Aws=€ L- [p
- NA T, € pNA L
96 . Aas t

Asws= Q5€L ® Katpm® Virm) * 2+
€*L * Kea,pm®* C1*t+ €L *C2

Aws=A*t?+B*t+ C
A=Q5¢ L- kcat,pm' Vem),B= € L - kcat,pm

- CyC=€ L- Ce I T
Aass t ,
A . € L Keatpm,
S-2251
[pim ] [pNA]=
Keat,pm- [PIm]- t+ C’, Aaws t

Asws= €°L * Keapm® [PIm]* t+ Cs3
A= K- t+ Cs,
[Pm],Cs=€¢ L- C'.

K=¢€ L - kcat,prn'

: [PIm ],
S-2251  Aast [Pim ]n
Kn= € L+ Keatpm: [PM]n- Kn
[PIm ]n Kn=€ L -
Keat,pm = [PIM ]n , a, ra= e L
- Katpm A=Q5€ L - Keatpm: VEm),

V(Pm) = ZA/a
[Plg] V (Pm) ,
L inew eaverBurk : _l—:
V (Pm)
Kme _]_+ 1
Vmem [Plg] Vo
PA Km,PA . Km,PA

42.34 37.63 32.93 28.22
23.52 18.82 14.11 9. 41 mmol- L™ *.

A 405, 45
1.2.2.2 PA Km, P
96 3mmol- L° ' S$-2251
45 pul, 30 ul ,
90 ul 2.0
1.5 1.0 0.5 0.1 ymol- L™ *. 8.4 nmol
Lt PA 15 ul, 1.4 nmol
LY.
A 405 -
1.2.2.3 PA Keat, PA
96 3Smmol- L' $-2251
45 pl, 30 ul PA ,  PA
90 ul 14.7 11.02
8.82 7.35 5.51 4.9 4.41 nmol- L % 3
pmol- L ™! 15 ul 0.5
umol- L™ *.
A 205 -
2
2.1
1.2.2.1
S-2251 A 405 A 405t ( Fig
1) . Figl A 205-t
Kn= € L Kapm: [PM]n
min *, Tablel. Tablel K-
[Pm] (Fig 2),
a= € L - ketpm= 3 4% 10°A as- min *- mol *-
L - a )
2.2 PA Km (km, ea)
I 1T JA s
( Fig 3),

A=0Q 5d& + Ka,pem: v(PmM) .
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A 405 ) ) 2.0
A ) \Y% 1.6 .‘ =.:’A ;‘ xx
x
(Pm)=22/a  v(P)( Table2) - va | Jam
. X
v(Pm) [Plg] (Fig 4), < .0 JCamt x" X
Km,PA: 3 ‘-.‘Axx ***
Q 648 tmol- L~ * 0.4 1 epTa xX
pumol- . [ H x *
0 -nllllli;gx***xx \ . . .
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Fig 1 Plot of A 405 versus t of the hydrolysis reaction of S~
2251 by different concentration of plasnin

The slope of the regression fomula isKn(Kn= d - ket Pm
[PIm ]n is the function of [Pim]). From the top to the

bottom iscurve 1,2,3,4,5,6,7,8

Table 1

plasnin

The values of Kn at different concentration of

Curve nunber 1 2 3 4 5 6 7 8

[Ph‘l]/l'm0|' L- 1 4234376332931822235228821411941
Kn(Aaos t 1)

10" 3min *

14 1055 945 665 54 44 34 21

—
(=23
1

-
]
T

Ko (Aaos-£' )/ 10° min™
IS =)
T T

0 10 20 30 40
[Plm] / nmol - L™

Fig 2 Plot of Knversus [Pim]

The slope of the regression line stand for the value of a

2.3 PA
I I ,
( Fig 5) ,
A . v(Pim)= 2a /a, v(Pim),
Kmm= Q 648 ymol- L '

Keat (Kaat, pa)
A a05-t

Fig 3 Plot of A 405 versus t of the combination reaction of
reaction | and II at different concentration of plasninogen
The coefficient of quadratic iten isA= Q 5 & - Keat,Pm- Vv
(Pim) Curves counted from the left to the right is the curve
nunbered 1, 2, 3, 4, 5 repectively

Vm, ra (

Table3), Vmm- [PA] (Fig 6),

Keten= Q 0626 s *

Table 2 The ooefficient of quadratic iten value A and v
(Pim) derived from A at different concentration of

plasninogen
Curve number 1 2 3 4 5
[Plg]/umol- L-* 2 15 1 05 Q1
A (10 ‘A5 t ) /Mmin 2 865 66 55 365 125
vem/mmol- L~ 1 st Q 848 0 647 0 539 0 358 Q 123
8 L
2 L
< 6
) L
g
= 47
£ L
&
N 2 r
0 , ‘ ‘ ‘ .
0 2 4 6 8 10

[Plg] ™"/ pmol” - L

Fig 4 Double-reciprocal plot of initial velocity versus[Plg]
w ith equation of y= Q 7083x+ 1 0937(R?= Q 9952)
Km,m= Q 648 tmol- L~ 1!

Table 3 The mefficient of quadratic iten valueA and Vm
(Pim) derived from A at different concentration of
plasn inogen activator (PA )

Curve number 1 2 3 4 5 6 7

[PA ]/mol- L~ * 147 1102 88 735 551 49 441
A(10 A5 t )Mmin 2405 25 175 15 13 11 11
v(Pm)/mol- L~ % 10397 025 Q1720 152 0 128 0 108 Q 108

Vm,pa/mol- L~ 1 1 09120574 0 394 Q 349 Q 293 Q 248 0 248
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Asos

¢t/ min

Fig 5 Plot of A 405 versus t of the combination reaction [
and Il at different concentration of plasninogen activator
(PA)

Curves counted from the left to the right is the curve
nunbered 1, 2, 3,4, 5, 6, 7 regectively
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Fig 6
concentration of plasninogen activator ([PA ])

Plot of Vm,m as the function versus the

The slope of the regression formulae is the catalytic
constant (keat, = Q 0626 s %)

:Km= Q 648 ymol- L ', k= Q 0626
s (Kn=Q4 1 1mmol- L %

kew=Q 02 Q093S Y2 4.

96 A 205,

0.9998);

10

96 .

R? 0. 999 ,
90 ul,
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