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PROTEINS: THE K INETIC PROPERTIES
OF WHEAT GERM ACID PHOSPHATASE

Enzymes are a .specific class of proteins that catalyze
the myriad biochemical reactions of the living cell. The
precise number .of enzymes in any given cell is not
known but must be well into the thousands considering
the vast number of reactions in the metabolic path
ways. Although the details are not all wcxiced out, it
appears that an enzyme functions by forming a complex
with the substrate molecule, thereby lowering the ac
tivation energy necessary to convert substrate to prod
uct. The sequence of events for a simple enzymatic re
action involving a single substrate and a single. product
is illustrated in Figure 5- 1. Since it acts as a catalyst.
the enzyme is unchanged by the reaction. its role being
to speed up a process that is thermodynamically
p ossible.
The speed or rate of the enzyme-catalyzed reaction
can be determined by measuring the amount of sub
strate used up or product generated per unit time. This
rate is called reaction velocity (vi and is most com
monly expressed in terms of micromoles of product
made per minute (~moles P/minute). Since the rate of
enzymatic reactions is of importance to the overall
economy of the cell. it is of real significance that the
biochemist leam as much as possible about the factors
that affect the velocity of these reactions.
Enzyme Concentration.
When all other factors (temperature, substrate concen
tration. etc .l are held constant and an enzymatic reac
tion is performed at progressively higher concentrations

of enzyme. a characteristic pattern emerges (Figure 5
2!. At low enzyme concentrations. the relationship is a
linear one such that each higher level of enzyme yields
a correspondingly higher rate of reaction. This relation
ship does not hold at the highest enzyme concentra
tions. however, because the enzyme molecules over
whelm the substrate molecules and no further velocity
increases are observed. Thus. the lir;'lear portion of the
graph illustrated (from 0 to 4 mg/ml) delimits the range
of enzyme concentrations that yield valid results at the
given substrate concentration.
Subnrate Concentration
As might reasonably be expected. there is also a direct
correlation between substrate concentration and reac
tion velocity. As the substrate level is increased. the
velocity increases in a hyperbolic fashion (Figure 5-3).
The cause for this was first elaborated by Michaelis and
Menten. The shape of this curve is best explained on
the basis of the degree to which substrate molecules
engage the active site(sl of the enzyme. At low sub
strate concentration. t:-.::3 are many more active sites
than substrate molecules: consequ~ntly they are pro
cessed with little delay. and with each increase in sub
strate level there is a dramati~ .increase in velocity.
There is eventually a point. however. at which the num
ber of substrate molecules exceeds the number of ac
tive sites: at that point the enzyme is saturated and
added substrate has little effect on the reaction veloc
ity. The mathematical expression for this curve is called
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~ig. 5-1. A simple enzymatic resction. wherein E represents

. enzyme. S the substrate. P the product. and E:S the
TIe-substrate complex.

the Michaelis-Menten equation . wherein v equals the
initial velocity. V_equals the maximum initial velocity ,
[Sl is" the molar concentration of the substrate . and K~
is the ~ichaelis constant:
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Fig. 5-2. The relationship between enzyme concentration
and reaction Yelocity.
Fig. 5-3. The effect of increasing substrate concentration

on reaction velocity. This is an eumple of cl~ssic Michaelis

Menten enzyme kinetics.
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Approximate values for V_and K~ can be determined
graphically from the Michaelis-Menten curve (Figure 5
3). V_ is the maximum velocity attained under the pre
vailing conditions (32 ~moles P/minute for the case
illustrated in Figure 5-3). and K... is the substrate con
centratvn at one half V_ (V-I2)- in this case, about
2.Z ~M. The K.. is useful because it indicates the affin
ity of the enzyme for the substri!te; a low K... indicating
a high attraction between reaction components. and a
higher K. is evidence of a low affinity .
More precise values for K... and V_ may be obtained
if the same experimental data are displayed graphically
in the double-reciprocal plot of Lineweaver and Burke
(Figure 5-41. The reciprocal of the velocity (1/ vi plotted
against the reciprocal of the substrate concentration
( , /IS]) yields a straight line with slope K.J V_.
V_ is equal to the reciprocal of the y intercept (35.7
~moles P/minute in this casel. and Km is equal to the
negative reciprocal of the x intercept (3.13 p.M sub
strate)~ Since these results for K... and V_ are deter
mined from the x and y intercepts of a straight line.
ttiey are considered to be more reliable than those ob
tained by approximation from the Michaelis-Menten
curve (Figure 5-31. The equation for the Lineweaver
Burke plot is obtained by taking the reciprocal of both
sides of the Michaelis-Menten equation:
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The information accumulated from enzyme and sub
strate concentration trials is extremely useful in design
ing subsequent experiments. One cen now set up assay
conditions with a level of substrate that is not limiting
and a level of enzyme that yields 3 linear response at
thet subsU'ate concentratio·n. For the hypothetical en
zymatic reaction desczib~d thus far. ideal assay condi
tions might include a substrate concentration of 15.0
~M and an enzyme concenU'ation of 4.0 mg/ml.
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There exist a number of moleculCir species which. in the
presence of an enzyme and its substrate. have the ef
fect of binding to the enzyme (or to the enzym&-sub
strate complex) and totally or partialty inhibiting the r&
action. In those cases where the binding is irreversible.
the reaction is inalterably inhibited and not subject to
kinetic analysis. If the binding is reversible. however.
the specific type of inhibition can be determined by k.i
netic analysis.
The three types of inhibition that can be clearly dis
tinguished in this manner are competitive. noncomp&
titive. and uncompetitive. ExPerimentaity. these are dis
tinguished by periorming the enzymatic reaction in the
presence of a constant amount of the inhibitor at ever
increasing concentrations of the substrate. \Nhen the
inhibited reaction is compared with the normal reaction
using the graphic analyses of Michaelis and Menten or
Lineweaver and Burke. the type of inhibition is clearly
indicated. In the case of cC'''''Ipetitive inhibition. high
substrate concentrations wipe out the inhibitory effect
and the V_ for the inhibited reaction is identical to that
for the uninhibited reaction (Figure 5-5).
The K,.. of the inhibited reaction (KJ is significantly
higher than that of the reaction run in the absence of
inhibitor. which indicates an apparent decrease in the
affinity of the enzyme for its substrate. Noncompetitive
inhibition yields the curve indicated in Figure 5-6. with
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Fig. 5-4. The data presented in Figure 5-3 ploned in the doublll-i'eciproC81 fashion of Lineweaver and Bune.

a lower V_and a K. (KJ identical to that of the reac
tion in the absence of inhibitor.
Uncompetitive inhibition is characterized by a lower
V_. a higher K... and a Michaelis-Menten curve quite
similar to that of noncompetitive inhibition. The best

Enzym e Inhibitors
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Fig. 5-5. A Michaelis-Menten plot tOf an enzymatic reac
tion periOfmed in the presence (-. -' -J . and absence
(--J of a competitive inhibitOf.
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way to distinguish the thret! types of inhibition graphi
cally is' to use the Lineweaver-Burke plot (Figure 5-71
. Notice that in the case of uncompetitive inhibition the
slope of the inhibited curve (K..J V_l is the same as
that of the noninhibited curve. whereas in the other two
types of inhibition. the slope of the inhibited plot is
greater.
In summary. it is relatively simple to distingtlish the
three types of reversible inhibition by comparing the Mi
chaelis-Menten and Lineweaver-Burke kinetics in the
presenclI and absence of the inhibitor.
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Fig. 5-6, A Michilelis-Menten plot for an enzymatic reilc- '
tion periormed in the presence (-. - . -) and absence
(--I of a noncompetitive inhibitor.

As mentioned earlier, enzymes are extremely sensitive
to variations in pH. A change in the hydrogen ion con
centration alters the charge on the amino acids of the
protein. which alters the attractive forces governing the
three-<iimen~ional shape of the enzyme. Such a confor
mational change in the enzyme is usually reflected in
the ability of the enzyme to catalyze its reaction. A typ
ical pH curve (Figure 5-8) el'hibits a peak. of enzymatic
activity. termed the pH optimum. and a rather precipi

Fig. 5-7. A Lineweaver-B urke plot of an enzymatic reaction periormed in the absence of inhibitor (--) and in the p:esence
-l. noncompetitive (- . -' -l. and uncompetitivlI ( .. , .) inhibitors.
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declines beyond that Doint as a result ot heat denatur
ation of the protein (Figure 5-9) . .
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The acid phosphatase you previously isolated from
wheat germ will now be the object of detailed k.inetic
analysis. The series of experiments is designed to de
termine the effect of various factors (temperature, sub
strate concentration, etc.) on the velocity of the acid
phosphatase reaction. There are five separate experi
ments, and you are expected to complete all of them
during the next two laboratOl')' periods. It is suggested
that the experiments be performed in the following
sequence:

\

10

\

\
\
\
0

2

,

8

6

10

12

1"

pH

Fig. 5-8. The effect of different pH values on the reaction
velocity at two different enzymes. One 01 the enzymes
(- - I has an acid pH optimum (5.0) and the other a basic
pH

optimum (S.O).

tou~ decline in activity on either side of the peak.. The
two cwves depicted in Figure 5-8 are typical of en
zymes such as acid phosphatase and alkaline phospha
tase, which both catalyze the same reaction but differ
in pH optimum. The sharp decline in enzymatic activity
on either side of the optimum unciersCOl'es the impOl"
tance ot maintaining an appropriately buffered solution
when working with living systems in vitro.

Temperature
Temperature also has a profound effea on enzymatic
reaction rate. At low temperatures, the enzyme is rel
atively inactive. w hich explains why ice-bath tempera
tures are often used in the isolation of proteins and
other macromolecules sensitive to hydrolytic enzymes.
At higher temperatures, there is a concomitant increase
in reaCtion rate resulting from incre~sed molecular mo
tion, which continues until the optimum temperature is
attained. FOI" the majority ot enzymes, activity rapidly

Day 1. Time course
Substrate concentration
Phosphate inhibition
Day 2. Enzyme concentration
Temperature effects
FO( all of these experiments. use the acid phospha
tase assay described on pp. 30 to 31. Under acid conFig. 5-9. The effect of different temperatur17s on enzymatic
reaction velocity. The optimum temperature for this reaction
is 30·C.
30

.

a
E
:
~

]

'ii

::>

10

o

60

3B

o
I
+

HO-P-O

I
OH
p-N;trOCl~.nyl PI'Io",I'II,"

p- NitrO Cl ~.nol

fig. 5-10. The hydrolysis of p-nitrophenyf phosphate by acid phosphatase.
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ditions. the enzyme catalyzes the hydrolysis of p-nitro
phenyl phosphate to inO(ganic phosphate and po
nitrophenol (Figure 5- 10). If base is added to the
mixture after the completion of the reaction. the p-ni
trophenol is converted to a colored form which absorbs
light at 405 nm. Assuming a path length of 1.0 cm and
an extinction coefficient of 18.8 X
10l liter
mole-~cm-'. you can use the absorbance at 405 nm
to calculate the number of micromoles of trnitrophenol
released. Since this is a fIXed-time assay that is stopped
after 5 minutes. the velocity of the reaction (pmoles of
trnitrophenol/minute) can be easily computed.
Each of the following experiments is done in funda
mentally the same fashion, except that one facto(, such
as temperature 0( enzyme concentration, is altered to
determine the effect of that parameter. Each experi
ment must be performed a total of three times to pro
vide enough data fO( valid conclusions.
The basic assay is perlormed in the following
manner:
1. Prepare and label the required number of reaction
tubes, and to each of them add 0.5 ml of 1.0 M
sodium acetate blJtfer (pH 5.7), 0.5 ml of 0.1 M
MgCI2 , 0.5 ml of 0.05 M p-nitrophenyl phosphate,
and 3.3 ml of distilled water.
2. Add 0 .2 ml of the appropriately diluted- enzyme
solution and start a stopwatch.
3. Incubate the reaction tubes at 37-C for 5 minutes.
4. S top the reaction by adding 2.5 ~, of 0.5 M KOH.
5. If a cloudy precipitate forms, it should be remove d
by' a brief centrifugation at top speed in a desktop
clinical centrifuge.
6. Set the colorimeter at 405 nm, adj~t to zero ab
• Art ICIPI'OCIriat. dilution of acid phosQnala.. y;.lds an A_ of
aOout 0.:3 in 5 minutn under me.. .....,. conditions.

sor~ance with a blank tube. and determine the Aooo \
of all assay tubes. The blank tube will differ from

expel'iment to experiment. depending on conditions.
In some cases, it will be the reaction tube lacking
enzyme: in others, it will be the reaction stopped
immediately after the addition of enzyme.
Kinetic Properties I.
Time Course of the Reaction
Introduction

The assay you are using is called a fixed-time assay be
cause the reaction is stopped after 5 minutes and the
velocity is calculated assuming that the relationship be
tween product yield and time has been linear through
out. The object of this exercise is to demons.trate the
validity of that assumption. Set up a series of identical
enzyme reaction tubes, each of which is allowed to in
cubate for a different period of time (zero through 30
minutesl. The results should indicate how long the r&
action is linear under the given conditions of substrate
and enzyme concentration.
Procsdurs

1. Prepare a series of seven reaction tubes labeled 0
through 30 minutes at 5-minute intervals (0, 5, 10,
... minutesl.
2. To each of these tubes add 0.5 ml of 1.0 M sodium
acetate buffer (pH 5.71. 0.5 ml of 0.' M MgCl"
0.5 ml of 0.05 M ~nitrophmyl 'phosphate, and
3.3 ml of distilled water.
3. Place all the tubes in a test tube "rack situated in a
water ~ath maintained at 37·C and let the temper
ature equilibrate for 5 minutes.
4. Add 0.2 ml of the enzyme (appropriately diluted
acid phosphatase! to the tube mark.ed 0 minutes

and immediately StOP the reac:t ion by adding 2.5 ml
of 0.5 M KOH. This zero-time tube will serve as the
blank against which all the others will be compared.
5. Add 0 .2 ml of the enzyme to the tube marked 5
minutes, mix. start the stopwatch. and let the re
action proceed for 5 minutes before adding the KOH
to terminate the reaction.

6. Run all of the other reaction tubes in exactly the
same fashion with the exception tnat each succes
sive tube will be incubated for 5 minutes longer than
the previous one (total reaction times to equal 0, 5.
10, ... 30 minutes!. An efficient way to do this is
' to stan each reaction at 2-minute intervals, k.eeping
an eye on the stopwatch ~d stopping each of the
reactions at the appropriate time. It is helpful to pre
pare a schedule of events (Table 5- 11 before you
begin.

7. After all the reactions have been terminated, deter
mine the absorbance at 405 nm for each sample.
The zero-time sample should be used as the blank..

S. Repeat this experiment two more times.
CJ/culllrions lind Quesrions

,. Use the extinction coefficient (1 S.B X , OJ liter
mole -, em - 'l for p-nitrophenol to calculate the mi
cromoles of product released at each time point.

2. Average the data for all three trials and prepare a
graph, plotting I-'moles of p-nitrophen~1 released
against time.

3. Is the time course linear throughout? If the time
course is not linear. what are some factors that
might c:ontribute to the changed velocity at longer
time periods?
Tabl. 5-1 .
Schedule for time course experiment
Clcdt time (minI

TDIal incubation
rime (mini

0

SIr! reaction
ladd enzyme)

St~

phatase reaction from the slope of the linear part of
the graph.

Kinetic Properties II.
The Effect of Different Substrate
Concentrations on Reaction Velocity

Introduction
The object of this exercise is to demonstrate the effect
of performing the standard 5-minute assay in the pres
ence of substrate concentrations ranging from 0 to 5.0
mM p-nitrophenyl phosphate The results should pro
vide classic Michaelis-Mer.•en data from which approx
imations of V_ and K... can be made. Double-reciproca~
plots of the same data should be done to arrive at even
more exact values for K... and V_.
Procedure
1. Prepare a series of substrate dilutions according to
the protocol outlined in Table 5-2. The amount of
each sample is sufficient to do both this experiment
and the next (Kinetic Properties III), which requires
the same range of substrate concentrations. Do not
discard these samples until both experiments have
been completed.
2. Set up eight assay tubes labeled accordi\lg to the
various substrate concenO'ations. To each of these
tubes add 0 .5 ml of 1.0 M sodium acetate buffer
Table 5-2.
Protocol for the dilution
phate)

r. .ction

(add KOHl

0
0

10

2

15
2.0
25
30

4

19

6

26
33
40

10

phatase? If not, how shou ld it be changed?

5. Determine the initial velociry I v) for the acid phos

Tube

5

e

4 . Is the 5-m inute fixed-ttme assa y valid for aCId phos

0
5
12

A

B
C
D

E
F
G
H

"I'NI'I' -

ot substrate (P-nitrophenyl phos·

0.051.4

Distilled

PNPp·
(mil

w.IW

0
0.05
0.10
0.25
0 .50
1.00
2.5
5.0

5.0
4.95
4.90
4.75
"4.50'
4.0

~'*'YI ~I\.I.

(mil
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0

Conc:antn lion of
cilule PNPP (M!
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0 .0005
0.0010
0.0025
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(pH 5.71. 0 .5 ml of 0.' M MgCI 2 • and 3.3 mi" of
distilled water . To each tube add 0.5 ml of the cor
respondingly diluted substrate (p-flitrophenyl
phosphate!.
3 . Place the tubes in a test tube rack situated in a
3 7 0 C water bath and let stand fO( 5 minutes.
4 . Initia t e each assay at 2-minute intervals by adding
0 .2 ml of the enzyme, run each reaction for 5 min
utes. and stop it by adding 2.5 mt of 0.5 M KOH.
Note that the final concentration of substrate in
each reaction tube during the assay is O. 0.05.
0; ' 0 , 0.25, 0.50. 1.0, 2.5, and 5.0 mM p-nitro
phenyl phosphate.
5. Using a colorimeter adjusted to 405 nm. determine
the absorbance for each reaction mixture. The tube
containing no substrate should be used as the
blank.
6 .. Repeat this experiment two mO(e times.

C4lcu/ations and Questions
1. Determine the amount of p-nitrophenol produced in
5 minutes for each substrate concentration.
2. Average t he data for all three trials and calculate the
average velocity (Junoles of p-nitrophenollminute)
fO( each substrate concentration,
3 . Plot velocity against substrate concentration
(mmoles p-nitrophenyl phosphatel in the standard
m a nn er of Michaelis and Menten. Determine V_
an d K... fO( acid phosphatase.
4. Calculate the reciprocals of velocity (1 I v7 and sub
strate concentration (1 I(S]) and present these data
as a table.
S. Prepare the doubltHeciproc:aJ plot of Lineweaver
and Burke and determine the K. and V_ trom the
x and y intercepts.
6. Investigate the literature and see how your values
for K.. and V_ compare with published ones fO(
acid phosphatase.

Kinetic Properties III.
The Inhi bition of Acid PhosphBUlse
by Inorganic Phosphate
Introduction
Inorganic phosphate (Pil is an inhibitor of acid phospha
tase. and it is your task to determine whether it is a
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competitive . noncompetitive. or uncompetltive Inhibi
tor. This experiment must be done in conJunction (pref
erably the same day) with the previous one because the
kinetics for the uninhibited reactions must be compared
with those of reactions run in the presence of the inhib
itor . The setup is basically the same as in the previous
experiment (Kinetic Properties II) except that a constant
amount of phosphate (1 .0 mM K 2HPO,) will be present
in each reaction tube. Run the reactions as before and
compare Michaelis-Menten and Lineweaver-Burke plots
in the presence (Kinetic Properties IIIl and absence (Ki
netic Properties III of the inhibitor. Determinations of
V_ and K... will determine the specific mode of
inr':"rtion.
Procedure
1. Usa the same set of substrate dilutions prepared for
Kinetic Properties II (0 to 0.05 M p-nitrophenyl
phosphate).
2. Prepare eight reaction tubes labeled in accordance
with the substrate concentrations to be used. To
each tube add 0.5 ml of 1.0 M sodium acetate
buffer (pH 5 . 71. 0.5 ml of 0.' M MgCI 1, 2.3 ml of
distilled water, and 1.0 ml of 0.005 Nt K1HPO,. To
each tube add 0.5 ml of the appropriate diluted sub
strate (p-nitrophenyl phosphate). Note that each
. tube contains a different substrate concentration
and the identical inhibitor concentration.
3. Place the tubes in a 37 C water bath for 5 minutes.
4. Begin the reaction in each assay tube at 2-minute
intervals by adding 0.2 ml of the enzyme. let the
reactions proceed for 5 minutes. and then stop
them by adding 2.5 ml of 0.5 M KOH.
5. Determine the absorbance at 405 nm for each sam
ple, using the first tube (0 mM p-nitrophenyl phos
phate) as the blank.
6. Repeat the experiment two more times.
0

C.lcu/arions and Questions
1. Repeat the Calculations and Questions (items 1 to
5) described at the end of Kinetic Properties II.
2. Prepare Michaelis~Menten and Lineweaver-Burk.e
plots thBt compare the inhibited reaction with the
uninhibited reaction.
3. Determine the K... (KJ and V_ in the presence of
phosphate.

- 'I

4. Is phosphate a competitive. noncompetitive. Of un
competitive inhibitbf7 Justify your answllf".
5. Investigate the literature to determine how your re
sults compare with those of previous worXers.
6. What do you think would happen if you ran this
same experiment sub stituting AT? for the inorganic
phospha te?

Kinetic Properties IV.
The Effect of Different Enzyme
Concentrations on Reaction Velocity
Inrroduction

This exercise illustr~tes the effect of increasing enzyme
concentrations on reaction rate. You will perform a se
ries of 5-minute assays. in which a different enzyme
concentration is added 'each time the reaction is initi
ated. The results should indicate the range of enzyme
concentrations that yield a linear response.
Proc edure

1. Prepare a secies of enzyme dilutions according to
the protocol in Table 5-3. Notice that the enzyme
is to be diluted with a solution of bovine serum al
bumin (BSA) at a concentration of 1 mg/ml. This
added protein protects the enzyme against denatur
ation at low concentration. You must fill in the last
column crt Table 5-3 (enzyme concentration) based
upon the actual concentration of your own sample
of enzyme.
2. Prepare nine reaction tubes labeled according to the
various enzyme concentrations (units/mil and to
each crt these add 0.5 ml of 1.0 M sodium acetate
buffer (pH 5 . 7). 0.5 ml of 0.' M MgCl l • 0.5 ml of
0.05 M ,tHlitrOphenyi phosphate. and 3.3 ml of
distilled water.
3. Place all the tubes in a test tube raeX situated in a
3 7 D C water bath and let the temperature eQuilibrate
tor 5 minutes.
4 , Using a time schedule panerned after the one d~
scribed in Table 5-1. start the reactions at 2-minute
intervals by adding 0.2 ml of the different enzyme
concentrations to each of the corresponding reac
tion tubes . Stop each reaction atter 5 minutes by
adding 2 .5 ml of 0.5 M KOH.
5. Determine the absorbance for each reaction mixture

Table 5-3.
Protocol for the dilution of acid phosphatase

iube

Undiluted
enzyme (mil

Bs.:.

Dilution

(mil

feetCl'

A

0

1.00

B

0.01

0.99

1: 100

C

0.02

0.98

1:50

D

0 .04

0.96

1:25

E

0.10

0.90

1:10

F

o ~u

O.BO

1:5

G

0.40

0.60

2:5

H

0.80

0.20

4:5

1.00

0

non.

Enryme cone.
' (units/mil

at 405 nm using the tube containing no enzyme as
the blank.
6. Repeat the experiment two more times.
c..lcularions and Que:nions

,. Use the extinction coefficient fOf p-nitrophenol to
determine the micromoles of product produced in 5
minutes at each of the enzyme concentrations.
2. Average your data for the three trials and calculate
the average reaction velocity (pmoles p-nitro
phenOl/minute) for each enzyme concentration.
Present these data in tabular form.
3. Plot velocity against enzyme concentration (units/
mI). Describe the shape of this curve and discuss
the reasons for its shape.
4. What is the valid range of enzyme concentrations
for the acic.i ~hosphatase assay7

Kinetic Properties V.
.
Effec:u of Different Temperatures
on Reaction Velocity
Introduction

As is the case with all chemical reactions, enzymatic
reactions are sensitive to changes in temperature. This

exerci se will demonstrate that phenomenon in two dif- .
lerent ways : (1) by showing the effect on enzyme sta
bility of enzyme preincubatio.n at a range of tempera
tures ano (2) by showing the effect of different
temperatures on the rate of the enzymatic reactions.
ror the first experiment. samples of the enzyme are
maintained at eight predetermined temperatures (0.
10, 20.30.37. 50.80. and tOO·C) for 30 minutes.
cooled in an ice bath. and then used in the standard 5
minute assay run at 37· C. The second experiment em
ploys the standard stock. of enzyme (no previous tem
perature treatmentl in regular 5-minute assays per
formed at the eight different temperatures.
Procedure

1. One factor that is critical to the success of these
experiments is the preparation and maintenance of
water baths at different temperatures. Once a bath
has been adjusted. its temperature should be Carl
tinuously monitored and all temperature changes re
corde d. Baths prepared in the manner desaibed in
Ta ble 5-4 can be shared by several laboratory pairs.
2. The effect on enzyme stability of enzyme preincu
bl'ltion at different temperatures
a. Place a small sample (t.O ml) of the enzyme in
each of the water baths.
b. After 30 minutes. return the samples to an ice
bath.
c. Prepare eight labeled -enzyme assay tubes (one
for each temperature) and add to each 0.5 ml of
' .0 M sodium acetate buffer (pH 5. 7l. 0.5 ml

Table 5-4.

Procedure for the preparation of
peratures

water

baths at differem tem

Oes'ed
temper.~.

,·CI

0 -4
10
20
30

37
50
BO
100

Ice plus tap wet.. in an ic.e budo.et
Til!) Wit. . end ice

T., Wit. . . , room t.mperll~.
ihwmostaned wet... blth
Thermosuned wet... bath
ihwmosuned wet.. bm
Hot t.IIP Wit. .
Boiunll Wit... Dath

of 0.1 M MgCl l • 0 . 5 ml of 0.05 M .crnitro
phenyl phosphate. and 3.3 ml of distilled water .
- d. Place the tubes in a test tube racK situated in a
37 ~ C water bath and let them equilibrate for 5
minutes.
e. Stan each of the enzyme reactions at 2-minute
intervals by adding 0.2 ml of the appropriately
treated enzyme to the corresponding reaction
mixture. Let each reaction proceed at 37 D C for
5 minutes. terminating it by the addition of 2.5
ml of 0.5 M KOH.
f. Prepare a blank assay tube containing all the re
action components except the enzyme and in
cubate it at 37 0 C for 5 minutes along with the
other tubes. After theKOH has been added to
this tube. it may be used to zero the colorimeter
at 405 nm.
g. Determine the absorbance of each reaction
mixture.
h. Repeat the experiment two more times.
3. The effect of performing the reaction at different
temperatures on the rate of the reaction
a. Label four assay tubes (A. 8. C. Dl and into each
of them pipette 0.5 ml of 1.0 M sodium acetate
buffer (pH S. 7l. 0.5 ml of O. 1 M MgCI1 • 0.5 ml
of 0.05 M p-nitrophenyi phosphate .. and 3.3 ml
of distilled water.
b. Place the tubes in a water bath maintained at a
to 4" C and let the temperature equilibrate for 5
minutes.
c. Add 0.2 ml of enzyme to tubes B. C. and D at
2-minute intervals and allow each reaction to
proceed for 5 minutes before stopping it with
the addition of 2.5 ml of 0 .5 M KOH. Tube A.
which serves as a reagent blank. should be
treated in the same fashion except that 0.2 ml
of distilled water should be added to the reaction
mixture instead of enzyme.
d. Place the tubes in a test tube rack at room
temperature.
e. Repest steps a through d using all the water
bath temperatures describe'(j in Table 5-4. When
all of the reaction mixtures have . returned to
room temperature. determine the absorbance at
405 nm of each experimental tube against its
own blank tube (A).

C4/cu/arions and Quesrion.

,. Convert absorbance data to velocity data and com
put.e the average velocity for all reactions at each
te mperature.
2. Report the data for the first experiment in a tabular
format illustrating enzymatic activity remaining aftBf
enzyme preincubation at various temperatures. This
is a measure of enzyme stability.
a. Does it appear that in any case the enzymatic
activity was increased or decreased by the tem
perature treatments 7
b. How do you explain these results?
c. If you planned to ~.)fe the enzyme for a pro
longed period at .Ime, what temperature would
you suggest? Why?
3. Report the results of the second experiment in the
form of a graph illustrating the effect of diffe,ent
temperatures on the rate of the reaction,
a. Does this graph conform with your expecta
tions? If not, why not?
b. What is the optimum temperature for acid
phosphatase?
c. Why do you- think. it was necessary to prepare
individual reagent blanks to be run at each of the
temperatures?
4. Discuss the long- and short-term effects of different
temperatures on acid pho·sphatase.
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