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Effect of substrate concentration on reaction velocity
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Michaelis-Menten equation
2 Km+18]
Vo= initial velocity (V) Jeldll de yu)
Vmax= maximum velocity — (Jeléill cay b Gl 4545 0 65 5 (5 puaill oy 1Y) Jeléill de yu)
[S]= substrate concentration (o<t 3alall 1S 53)
Km= Michaelis constant= [S] when the velocity of the reaction is 2 Vmax
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Q1 Urease enzyme hydrolyzed urea at [S] = 0.03 mmol/L with a K, value of around
0.06 mmol/L. The initial velocity observed was 1.5x10* mmol/ min. Calculate the

maximum velocity of the enzymatic reaction.

Answer
Clas Sl ALaY) B )5 e ae Jlgadl e slhaall a5 558 il Cila slaall (i gat g Alamall (S
s sl Ao puall Gl L o sllaall
+_ Viax [S]
% Kn + 18]
1.5*10° mmol/ min = [Vmax® 0.03 mmol/L]/ [0.06 mmol/L+0.03 mmol/L]
1.5*10° mmol/ min= [Vmax* 0.03 mmol/L]/0.09 mmol/L
Vmax= [0.0015 mmol/ min* 0.09 mmol/L]/ 0.03 mmol/L
Vimax= 0.0045 mmol/ min = 4.5*103mmo/min

Q2 An enzyme with a Km of 0.06 mmol/L hydrolyzed a substrate of a concentration
0.03 mmol/L, the initial velocity of the reaction was 0.0015 mmol/min. Calculate
the substrate concentration which gives an initial velocity of 0.003 mmol/min

Answer
, _ Vinax [S]
Jo = —max
hm La |SI
de pall e aslae Koy e Ll a5 gl Ao puall e i 3 gial) e slaall (e
0.003 = a3V Jeléill de ju (5585 Lavie (ulu) alad) 38 55 oo Sy Wadny 5 <o slaa (5 gl
mmol/min
1.5*102 mmol/ min = [Vmax® 0.03 mmol/L])/ [0.06 mmol/L+0.03 mmol/L]



1.5%10°3 mmol/ min= [Vmax* 0.03 mmol/L]/0.09 mmol/L
Vmax= [0.0015 mmol/ min* 0.09 mmol/L]/ 0.03 mmol/L
Vmax= 0.0045 mmol/ min=4.5*103mmo/min
e 53l 58 5 s (S laaie 5 e slaal) Wl CAeiS) (5 gumill Ao pual) il Uils 3o
sl
Vo= (Vmax*[S])/ (Km + [S])
0.003 mmol/ min = (0.0045 mmol/ min * [S])/ (0.06 mmol/L + [S])
[S]= 4.2* 10 mmol/L

Q3 An enzyme hydrolyzed a substrate concentration of 0.03 mmol/L, the initial
velocity was 1.5x10® mmol/min and the maximum velocity was 4.5x10° mmol/min.
Calculate the substrate concentration that gives a velocity of 3x103 mmol/min.
Answer

7 _ l"'m:n( [S]
" Kn+I[S]

o) 3alall 3 5 s & Y 5F Km s Lile Ui
1.5x10° mmol/min= (4.5x10* mmol/min* 0.03 mmol/L)/ (Km + 0.03 mmol/L)
1.5x103 K+ 4.5*10° mmol/L= 13.5*¥10°> mmol/L
Km=(13.5*10 mmol/L- 4.5*10° mmol/L)/ 1.5x1073
Km=9*10° mmol/L/ 1.5x103
Km=6*102 mmol/L

Gl JEall 8 LS o sllaall el 3alall 38 55 G () dlile il glaall JS JLaiS) sy ()Y)

Q4 The following initial velocities have been reported depending on the
substrate concentration:

[Substrate]. mM vo, MM s
0.02 10.83
0.04 18.57
0.07 26.76
0.1 3250
0.15 39.00
0.2 43.33
03 48.75
05 54 17
07 56.88
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(a) Draw a Michaelis-Menten plot for this enzyme.
(b) Draw a Lineweaver-Burke plot for this enzyme.
(c) Determine Km and Vmax for this enzyme

Answer

a) Draw a Michaelis-Menten plot for this enzyme.
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From the plot, we can determine Vmax and Kn,

Vmax= 65 mmol/s

1/2Vmax= 32.5 mmol/s

Km = 0.1 mmol/L
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b) Draw a Lineweaver-Burke plot for this enzyme

According to the Lineweaver-Burk equation, we can plot 1/Vo with 1/[S]

1 _ K N 1
Vo Vmax[S]  Viax
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c) Km and Vmax can be most precisely determined from the intercepts in the
Lineweaver-Burke plot: 1/Vmax = 0.015385 mM™ S

Vmax = 65 mM S?

-1/Km =-10 mM?

Km=0.1 Mm

Q5 According to the Lineweaver-Burk equation, estimate the V.« and K, of the

enzyme-catalyzed reaction for which the following data were obtained.
odle | A i ai e Jiay JUiall 128

[S] (m) Vo (em/min)
25x10°°© 28
40x10°® 40
1%:10=% 70
2510~ 95
107" 112
1x 104 128
2x1073 139
1x107 140
Answer
1/[S] (M) 1/ Vo (umol/min)?
400x103 36x10°3
250x103 25x10°3
100x10° 14x103
50x10°3 11x10°3
25x10°3 8.9x103
10x103 7.8x103
5x103 7.2x1073
0.1x10° 7.1x103




Vmax = 140 pmol/min Km=1x10°M



