BACKGROUKD

Enzymes are the catalysts of biological -

ters. They speed up chemical reactions in

biclogical systems by lowering the activation energy, the enargy needed for molecales

to begin reacting with each other. Enyzymes do this by forming an ensyme-subsirate

compiex thai reduces energy required for the specific reaction to occur. Enzymes have

spocific shapes and structures thal determine thelr functions. i’"f*ss-e ERZYIEY aclive §ite

is very s&:?a tve, atlowing only certain substances to bind, Wihe s &@{3 of an enzyme i
LS

changed in any way, of the protein denatured, then the bindir te alse changes, thus

dlsmpz.y g enzyvmatic functions.

e oand are GrE sanized inio

Hnzymey are fundamental o the survival ofany Eivir&g 5v5

a nurber of groups de pendsi g on their specific activities. Two comimon groups are

catabolic enzymes (eata” or “hata-” {rom the Greek "tﬂ break down”) — for nstance,
amylase breaks complex starches info simple sugars — and anabolic enzymes (“a=" or

L

.

“ar-" from the Greek “to build up™). {You may know this second word already from

teg

whe have heen caught using anabolic steroids to build muscle)

stortes about athle
Catalytic enzymes, called proteases, break down proteins and are found in many

OYFARISING One & wm;&%ua "mmezfm“ whiich comes from pleeapple and can break down

getath melain ofler s an ingredient in commercial meeat marinades. Papain is an
CLEYINe ti’a&i commes from papaye and s used in some teeth whiteners to break down

Y

ihe bacterial flm on teeth. People who are lactose intolerant cannot digest milk sugar

Hactose); however, they can take supplements containing lactase, the enzyme they are

H

missing. All of these enzyvmes hydrolyze large m%;i;ix molecuies into their si

e,
compenents; bromelain and papain break prote

. r:-}cr

s dow to amine ackds, while lactase

M v

breaks lactose down to simpler sug:

wrabelic enzymes are equally vital to all Hving systens. One example s ATP
ST ghm{, the enzyme that stoves cellular energy in ATP by combining ADP and

1 the anabolic reactions of
buiiding sagar molecales in the Cabvin cvde of photosynthesis.

phaosphate. Another example is rubisce, an enzvme involved 1

*Transitioned from the AP Biol r)(“'f,rii Manueal 2001




To begin this investigation, vou will focus on the enzyme peroxidase obuained from

a turnip, one of numerous sources of this enzyme. Peroxidase is one of several enzymes

that break down peroxide, a toxic metabolic waste product of aerobic respiration, Usf
perorid

I develop essential slally to examine vour swn guestions about

de, Vo wi
enzvime function.

Y

Later, you will have an opportunity to select an enzyme, research its prope
an experiment to explore its function. The

investigation alse provides an opportunity for you to apply and review concepis you

riles

and mode of reaction, and then dest

r, abiotic
and biptic inflaences on melecular structure, entropy and enthalpy, and the role of
enzymes in maintaining homeostasis.

have studied previously, including the levels of protein structure, energy transfe

1 enzyine siructure and function

A

# T make some generalizations about enzymes by studying just one enzyme in
particuiar

¢ To determine which factors can change the rale of an enzyme reaction

¢ To determing which factors that aflect enzyme activity conld be biologically

4

important

CORET COTTAINer Smc&* the concentrations of %i e reactive materials in this
aboratory are fsmm}mm{czzmiiy friendly (0.1% hydrogen pa‘rg;xad anid 0.3% guaia a{}i”

1 e rinsed down a standard labovatory d ‘?E concentrations used here

be mu% 7 all chemical standards, but recall that anv compound has

the potentiality of being detrimental to Iiving things and the environment, When vou

develow vour mamgia E investigations you must always consider the toxicity of materials
used.



Baseline is a uni

i

‘é;i ‘{’m' # reaction, ffms w’hmr anip ?& Hing components of

ig used o esis zb}ssh & 8t
& reaction (in this case, subsirate

ar enzyine), you have 2 reference 1o help understand

what occurred in the reaction. The baseline may vary with different scenarios pertinent
of the x;}umzmi, such as altering the enviromment in which the reaction

t conditions can be compared, and the effects of

to the desig

occurs. In this scenario, diffe

g an environmental variable (e.g., pF) can be determined,

changin
Rate can have more than one applicable definition because this Iab has two major
options of approach, Le., using a color paletie and/or a spectrophotometer o rmeasure

sercent of Hght absorbance, When using a color paletie o compare the change in g
i

fad

e

reaction, vou can infer increase, decvease, or no change in the rate; this inference is
ooy

BT

fative rate of the reaction.
other measuring devices] to measure the actual percent change in light absorbance. the

usually called the re 11 using a spectrophotonieier {or

raie 18 usuaily veferred to as absolute rate of the ;’edcﬁ'iﬁﬂ. Tz this case, a specilic amount
of time can be measured, such as 3,083 absorbance/minute.

THE INVESTIGATIONS

Procedure 1: Daveloping a Method for Measuring Peroxidase
in Plant Material and Determining a Baseling

Peroxide (such as hydrogen peroxide) is a toxic byproduct of aerobic metabolism,

. %

Peroxidase is an enzyme that breaks down these peroxides. 1t is produced by maost cells

in thedr peroxisormas,
The general reaction can be depicted as follows:
Enzyme + Substrate --» Enzyme-Substrate Complex - Enzyme + Product(s) + AG
For this investigation the specific reaction is as follows:

Fevoxidase + Hydrogen Peroxide --» Complex --> Peroxidase + Water + Onygen

idase is present at the start and end of the reaction, L3

catalysts, enzymes are not consumed by the reactions. To determine the rate of an




i

enzymatic reaction, you must measure a change in the amount of at least one specific

Szz?‘xsiz’zii.@} or product ov peroxidase

time. Ina d{"‘* composition reaction of peronide by
{38 noted in the above formula), the easiest molecule to measure would probably be

axygen, a final product. This could be {"}mm by measuring the acfual volume of oxvgen
gas relzased or by using an ind

o In this experiment, an indicator for o };,:; w1y will
be used, The compound guasiad

;for oxveen, and in solution, it binds
instantly with oxvgen to torm Eﬁ'i;msr'éqaiacm which s brownish in color, 'E'! ¢ greater the
amaunt of oxygen gas produced, Ge darker brown the solation will

o

Crualifying color is a difficult tasl, but a series of dilutions can be made and then
combined on a palette, which can represent the relative changes vceurring during the
reaction. A color palette/chart ranging from 1 to 10 (% {2,233’51 1} s suthicient to compare
relative amounts of oxygen produced. Alternatively, the color changs can be recorded as
& change in absorbency using a variety of E:E‘v"hlx‘?,ébiﬁ meiers, xm%,, as a specirophotometer

ot probe system. (loformation about the use of spectrophotometers and/or probe
systems is found in the Additional Information section of this investigation. )

Figure 1. Turnip Peroxidase Color Chart



This investigation is designed 1o be performed without a spectrophotometer, but vour
il 4
teacher may ask you Lo use a spectrophotometer or probe system. If g0, additional

equipment may be required,

S?@%% 7 Using two 16 x 150 mm test tubes, mark on

&

“subsirate” and the ather tube
7mb wf distilied water, 0.3 mb of §.3 percent
hydrogen peroxide, and 0.2 mL guadaco] for a total volumse of 7.5 mL. Cover the lesl tube
with a plece of Parafitm® and gently mix.

EE

“enzyme” To the substrate tube, add

§§”§E 2 To the enzvme tube, add 6.0 ml of distilled water and 1.5 mL of peroxidase for a
total volume of

'

e of Parafilim and gently mix,

b

7.5 mL. Cover the test fube with a ple

Sifﬁ‘é 3 Combine the contents of the two tubes (subtrate

and enzyime) in another 16 ¢ 150
mL test tube, cover the tube with Parafilm, invert twice to mix, and place the tubg in 2
st tuhe rack, Em .aéizaﬁ.f;..;}f' begin timing the reaction,
Step 4 Observe the color change for the next 5 minutes, Rotate the tube hefore each
reading. Record the observed color at 0, 1, Z, 3, 4, and 5 minutes, (A cell phone and/or
caimnera are exceliont ways to record color change)

N

Step5U 3 1o help you quantifv cha

time. Graph vour date in vour laboratory notebook.

e the color palette/chart (Bigore 1 in color over

Consider the following questions before vou proceed (o the nex! experiment:

® You measured the color change ot diffevent times, Which time will vou use for vour

fater assays? Why? (The time/color change that vouo select will sers
for additional investigations.)

as vour baseline

®  When vou use this ssgay (o assess factors that

ange enuyme activity,

omponents of the assay will you change? Which will vou keep constant?




Procedure 2: Determining the Effsct of pH on Enzymatic
Activity

Fumerons variables can be emploved 1o observe the

reaction and possthly the spectfic fit of the eruvme with the substrate.

cts on the rate of an engymatic

i

* What do you predict will oconr i the pH in the reaction changes? How do you justify

vour prediction?

LT oo e - . . o . v
Step T Using clean 16 x 150 mL test tubes, make six sets of palrs of original substzate and
enzyimne tubes for a total of 12 tubes or € pairs. "I bis fime you will substitule a different

]

pht bufler {or the distilled water used in the original enzvme tubes. Prepare the tubes as
follows and be sare 1o label them '

*  For each substrate tube in g pair, add 7 mL of distilled water, 0.3 mL of “hydrogen

paroxide, and 0.2 ml of guaiace! for g wlal volume of 7. 5 mi,

dd 6.0 ml of 2 specific p’ﬁi soluti

:).)

® Por each enyyme tibe in the pair
perouidase for a total volume of 7.5 mL. For example, in the enzyme tube of

sofution of ph. 3 %'e;rr Ehe &i'«‘

pair, you can substitute 6.0 mi. of buffe
2 sabstityie ¢

engymne tobe of the second pals, v
ater, and so forth.

for the distilled w

& Cover each test tube with a plece of Parafiloy, and genthy i

of

oy - .
fep £ Combine the subsivate and enzyine ftubes forall six pairs |

fibm, gently mix, and place the tubes b a::;: i the tes

jwy padrd, cover with Pa
nmediately begin tirning the rezctions,

¢ Tubse af U minutes and E’Eg&%ﬁ at the time Yo

oy 5 i k4 H i
gﬁ%@ o Record the observed color for
chose based on your results in | ure 1. (Again, a cell phone and/or camers are

excellent ways 1o record color change. )



Frg y t .o ;. 3
step 4 Use the paletta/color chart (Figure 1) 1o help you guantify the changes you observe,

Graph your date as coloy intensily versus p
resuits?

- What concinsions can you draw from vour

You now have the b

isic information and tools nesd

o gxplore enuve
st that. You will have the chance to
develop and test vour own hypotheses about enzyme activity. To help vou pet started,

read the nllow

25 in more depth
op your own. In this part of the keb, vou will do :

o

g questions, and write vour answers in your laboratory notebook,

tion the enzyrae or the
substrate? How could vou modiy the procedure vou learned to answer this guestion

® In Procedure 1, was the §§§‘ﬁi*€§ﬁg tactor of vour baseline reg

# What are three or four factors that vary in the environment In which organisms live?

Which of those factors do you think could affect enzyme aciiviry How would y

modify vour bagic aseay (o test vour hypothesis?

Dresign and conduct an sxperiment (o investigate an answar{s) to one of the questions
above or another question that might have been reised a8 you conducted Procedures |

and 2. Remember, the primary objective of the investigation is to explore how biotic and

abjolly factors influence the rate of enzymatic reactions.

tependent investipation, g4 zfm ihe resals,
o the eftecis of Blotio and abiotic

natic reactions and explain any differences,

if = specirophotometer bs available, the following information is useful.

The { measuring de
'11}’_3-&:5&:i'}’ﬁ}pié{}i'(}ﬁ“}é’?t’.]'. YO €

etier quantify your results. Using a

select w specific wavelength Lo it the colos/plement

bl

R

Xpected I an experiinent, 'Z‘ac change in the amount or concentration of colp ‘ff;mrmeﬁ?

may be measured as shaorbance {(amount of the w Jml ngth trapoed by the

orment)
fransmittance {amount of the wavelength that is nol Lrapped by the ;};gmmi},

For Procedure 1t

1. Turn on your spectrophotometer approgimately 10 to 15 minntes prior to

p

starting the investigation 5o that it will warm up appropristely,

2. 'To meastire the amount of the compound tetraguaiacol, set the wavelength to

170




Iadpi raniie

3. Set vour machine at zero absorbancs miw a blank containing all the appropriste

tevials excep! the substrare (e, 153 ot distilled water, 0.2 mL of guaiscol, and

o ~

L5 mlof VNG eXiract = 15

&, Uetermine the haselins.

fabel one “substrate” and the other “enzyme”
ater, 0.3 mL of hydrogen peroxide, and 8.2 ml

zyine tube: 6 ml of distilled water and 1.5 mlL
of peroxidase [total volume 7.5 mi,}

Substrate tube: 7 mL of
guaiacol (total volume 7

B. Combine the materials of the subsivate and enzvme tubes. Mix the tubes twice

and pour into a coveite. (When mixing or rofs
the cuvette with Parafilm )

g always cover the opening of
¥ i -

. Place the cuvette into the spectrophometer and record absorbance: this is vour
initial or 07 time ;rtad‘%:iw Rersove the tube. Repear recording absorbance at 1,
2,3, 4, and 5 minures. Be sure o rofate {use Earzm?*e to cover) the tube and also
clean its surface with & scienti

> cleaning wipe before each reading.

5. Record and graph vour data.

For Pracedure %

¥

up as oullined above. Make an initial
reading af tine "0 and a second reading af the time vou chose as optimal based on

Follow steps [, 2, and 3 ahove, E’a& step 4

results obtained in Procedure 1. Record and graph vour data.

e



