Laboratory 2: Enzyme Catalysis

*graph data from an enzyme experiment

*determine the rates for enzymatically catalyzed reactions

*discuss a method for determining enzyme activity

*discuss a relationship between dependent and independent variables

*discuss the effect on initial reaction rates produced by changes in
temperature, pH, enzyme concentrations, and substrate concentrations

*design an experiment to measure the effect on enzyme activity produced by
changes in temperature, pH, enzyme concentration, and substrate conc.

enzymes = large, tertiary or quartenary proteins w1th active sites where

: substrate(s) fit to allow accelerated cataly51s of chemical reaction
Catalase, present in most cells, breaks down poisonous ‘hydrogen peroxide
H,0, to H,0 and O, (gas bubbles). To determine the "rate of reaction", you
measure %he dlsappearance of reactants or the production of products over
a period of time.

Procedure
Throughout the lab, measured amounts of hydrogen peroxide solution are
added to a beaker (cup) measured enzyme is added and the reaction allows

to proceed X time. To "stop" the reaction, sulfuric acid (H,80,) 1is
added. The solution is then titrated by adding drops or Burette—measured
amounts of potassium permanganate....as long as there is peroxide left, it

will decolorize the dark purple permanganate to clear! However, when the
titration is complete, any excess permanganate will remain dark, and
calculations can be made on amount of perman used and/or amount H,0, still

present. Since time is known, rate can also be calculated.
****************************************************

This table and graph shows the results for titration in ﬁl permanganate of
the catalase-catalyzed breakdown of H,0, over tlme (1ntervals 0-180
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When you get the rates for each interval, you will find that the rate is
highest at the start where there are many molecules to be worked on, but
drops as substrate decreases (becomes "harder" to find .molecules to work
on) . The reason you use sulfuric acid to "stop" the reaction is that
extreme pH changes often denature enzymes. Lowering of temperature will
slow enzymes as it does all molecular events, and raising of temperature
will speed up the reaction to a point of denaturing and abrupt decline.
Many other factors may affect enzymes, as seen below.
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BIOLOGY
SECTION II

( Time-—1 hour and 30 minutes

Answer all questions. Number your answer as the question is numbered below.

Answers must be in essay form. Outline form is NOT acceptable. Labeled diagrams may be used to supplement
discussion, but in no case will a diagram alone suffice. It is important that you read each question completely before
you begin to write.

1. Genetic variation is the raw material for evolution.

a. Explain three cellular and/or molecular mechanisms that introduce variation into the gene pool of a plant or
animal population.

b. Explain the evolutionary mechanisms that can change the composition of the gene pool.

2. Discuss how cellular structures, including the plasma membrane, specialized endoplasmic reticulum, cytoskeletal
elements, and mitochondria, function together in the contraction of skeletal muscle cells. .

- 3. [Enzymes are biological catalysts. ,
a. Relate the chemical structure of an enzyme to its specificity and catalytic activity.

b. Design a quantitative experiment to investigate the influence of pH or temperature on the activity of an enzyme.

c. Describe what information concerning the structure of an enzyme could be inferred from your experiment.

! Select two of the following three pairs and discuss the evolutionary relationships between the two members of
each pair you have chosen. In your discussion include structural adaptations and their functional significance.

green algae:

PAIR A; vascular plants
. prokaryotes
PAIR B: eukaryotes
. amphibians
PAIR = reptiles

END OF EXAMINATION
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Free-Response Question 3

E  1es are biological catalysts.
" .. Relate the chemical structure of an enzyme 1o its specificity and catalytic activity.
b. Design a quantitative experiment to investigate the influence of pH or temperature on the activity of
an enzyme. :
c. Describe what information concerning the structure of an enzyme could be inferred from your experiment.

Scoring Standards for Question 3

Structure and catalytic activity of enzyme (maximum of 4 points)
Protein or amino acids (and/or others, such as ribozyme)
3-D shape/levels of structure (primary, secondary, tertiary, etc.)
Bonding explanation of structure (alpha helix, hydrophobic interactions, van der Waals forces, etc.)
Active site (“groove”, “pocket”)/special shape for substrate/“lock and key”
Modifers of enzyme shape (cofactors, activators, inhibitors)
Induced fit theory (function of enzyme - substrate fit)
Activation energy lowered

Substrate altered

b et ek e e et e

Experimental design (maximum of 5 points) ;
Experiment based on enzymatic activity (initial choice of temperature or pH is binding)
Eliminate other variables (conc., amounts, time, pH, temp. in alternate experiment)
Negative control (setup without enzyme or without substrate)
Describe experimental variable (temperature o pH) values or range
Uses correct enzyme-substrate pair v
Measure disappearance of substrate, appearance of product, heat production, etc.
Report data (predicted results, such as loss of activity, reduced activity, or no change in activity)
Elaborate on experiment (exemplary set-up; independent, dependent variables identified; rate
calculation or explanation; replication of experiment, eftc.)

B

—

Inference from experimental design (maximum of 2 points)
1 Correct link of predicted results to changes in enzyme structure
a. range of activity implies slight change in shape OR
b. loss of activity implies denaturation OR
c. no loss in activity implies no change in structure
1 Elaboration on changes in enzyme structure (conformation explanation, bonding shifts, or an
explanation of why no change in activity is predicted) ” :
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Student Response 2

e & s ¢ ,owcms and b \derteita v age
i —fM §IY7,LCFLU\5 0/ a,ﬁf OO/'CME st CUC/'U./td? |
by M sEiulnes mp Cmu.w a.u_jdlj Jo‘@?' F fom e
okin | Thy s knedn o primany Streete.

/Hu quu kon d.ung cf L. éuuru Vond carbonl ooy
wf’/ WJML/\«J a_cz/zto gf: A edd g«vezm&am, C%gc;éx&
)A He o (}/ [Jp/\a nNeliced of b.@f’é—p/f/wt'd
sheels . Htifvphdo(c e choy L He ﬁf/ﬁ%e#
rf e A &auﬁ,d Adiswirdy med(/[&? Q,/;/q/uz

Com pmnn aad Hu wnwsuad Jenboe an shhee cawstd.

by T K Oring  alid pro e * couged rﬁﬁ’utfg/ siTu b,
Auaterner, shwchire 4 dickibed bd He inkrachon
With Jﬁ%d /p‘()‘/&/ﬁﬂhé& A o of /’f,(,@ fmhin |

“Thid e Rree-dimand ioned sirveture of Huy

pm"rtm s ora d. I Thw ncdudes ‘an achue

Sl ofken aded Ly Cfacts [aorganic ma)

fo alpact <ubsiraf /machuw) Mool k He

xw;,vu Mcmu art 5:460{77(: JO culy ond or a 4

’Lc{osfrza/u g/ He Sh% 0*7” Ha SL}//{aSM‘D_k and

achve siie gelds an MdLLCQA AF duw b @Al W}x

aadd bodind o e pdo. Sanelimey sazemes alse

_Aae e difletnee o /t«,»béa}vru sl ey well,

i which cose F wodd e on Ycldlos i, et

~Tha reqdabm sl bindl f 2Rer bk o

&}’UT\ILL,QA)'?% wﬂ,w(m a0 (honse AL Cm‘?u;um}'\m 0‘/

e schue sih n gtter disbonrege o Tormit
He binding f subsmale. T a I |

T

HmS54N



Conufnts ol adime Gl due o e Shape of
v achee sk, bad Jf% more  fran gy yEe /;p/sa,bs({'mﬁg,
oy pmgle, n gpIRSy sl e -1,
Gt 50 X [QJE MAM {;d:“v Coet 'r/buﬁaa—e b/gpho'slffm}c
mc&%% b peld  Fwe 3 -carions Cﬁmﬁoﬂu\&/ %QGHL~
hos gh 2y szi%ﬁgl,h‘f@d). Gl i cafliccsxq(a& Lo F1 by
muidg }’{J(/ Q, C/vaq&ﬂ) /,n'Sk_Eud o‘/ ¢d)H ,V LA /iv“ﬁc'&z\»
sae plyectie fced i foraed . Sy us calh A
,hgz—n”%%;wxﬁm .

— An exgprmen b fp fF KL mtluda o g// s .?’671
n_tnzans PN o0yl A ated an
nad’ and o ssbsmabd. An ndicabe /suid oy
:’U’fgf OW%) w’d%ecq Lo wdofd o ,ndlcb}f 4/#@’
AL %T/YLaﬂﬂ G,p pmdu.uL or [fu M@@ﬂaﬂulca caﬂ |
‘wlos rate. W' .f‘ézu;Hzfm Lv@'u/&f e ‘hmyé{d W o
AT AL VT AN = o WDilh a W‘JA’&MMA%~
5o Thalk ”T/\ﬁy Hmv@cfweea\ Ao mmocluchon o Cwb//gn’g./*c
I VA2 %o sihm cnd e color change or oler
dy cabon Vel L complihm o e rearhd whdd be
w_indicabt o snaumahe achotl . TR o hme for
G gpeechan h' acclr e arm Oreater— e 0n-3umd's Gorel
by . VY o

b

T wodd cof wp 3 guweral fab Ao csn e iy
Aenhncal Cmc‘mmﬁ% cnd Guanhhkes of subsrride as
,\e@ g Steerzd  FR4F ,,mﬂge; /DGI}'M;E;'/LQ /-&iuua@ ‘cmce/t/h‘a,hnw
%md A\ AGUFS Lﬁﬁ 2 2, LR E %&U’ i@ich Yo e
tiboe woridd Jye nbluds o deahcal  yofuny o/

9 siuhay (;47 Vo ing ol . AL Wb‘g vﬂﬂdj%@f{w7
MR «;vh‘ o:'/ R Gtinon e cmbed  fubc woudd

HSS5H



o V‘L\?' ;gmlv 1% @fg AL sr&u‘—zm aud’. an _M/MJ
et of Vdunlled Doker T

Tat e of oNaumi cnd sibstede  wrdd b
ool g Ho pachS undd S fmed. Thn, He
ew bme of M rachow woddd be poied on a
[rach virsug B pf of th sebubba [x —ax)
Ltal ok of o stibhon (ot yulded Be fabest
mcu.ﬁm ‘wﬁda{ inalcote mﬂb&/f Via 2@3&/’ for
znzm ach:/?, | 7 |

o} greal oisl aboutr # cthuckure of HL
He™ pnauml  wod most aclire Ly acldie sotuhomg
/ﬁewjfg/%), he HE e g saluhor may Aae
Pand o s aliond e H#o onine accs of A
Ol | ¢ Aing Thi shage of Hhu achuwe s/ b

opL/T’IUIYLé(,{)"~ 'IFJQ'/\I(W &C/ht/t(}"f Wod oIl

ictdic sttida " Hhose nkttachmg cowdd Nowe

Autorfed Ao achl ok smfe o Coup bbb

670 the reach nqg

Comment: This excellent response received the maximum score of 10. The student mentions 7 eligible points in
Part (a) but could only receive the maximum of 4 points. The student states that an enzyme is a protein (1 point), has
secondary and tertiary structures (1 point), held together with different kinds of bonds or specific amino acids such .

as proline (1 point). The student then mentions the active site formation (1 point) which can be altered by cofactors
(1 point). The student also mentions the induced fit of the enzyme and substrate (1 point) and provides a description
of what an enzyme (RuBPcarboxylase) does to a specific substrate (RuBP and carbon dioxide) and says that it
makes a different substance (PGAL) (1 point). -

The student received an experimental design point for control of variables, as identical concentrations and
quantities of substrate are used. The student also uses a negative control for the experiment, which is set up with
only the enzyme. The student uses a range of pH (1 point). There was a way to measure the reaction (1 point), and
the experiment merited an elaboration point for noting the independent/dependent variables and also for a clear
statement of measurement equipment. The student gives predicted results (1 point), and is able to relate the results
of the experiment with loss of activity to a change in the structure of the enzyme with a general statement of
distorted active site (1 point) and a clear explanation of bonding changes (1 point).
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2000 AP® BIOLOGY FREE-RESPONSE QUESTIONS

BIOLOGY
SECTION II
Time—90 minutes
4 Questions
Directions: Answer all questions. Write your answers on the pages following the questions in the pink booklet.
Answers must be in essay form. Outline form is NOT acceptable. Labeled diagrams may be used to supplement
discussion, but in no case will a diagram alone suffice. It is important that you read each question completely before

you begin to write.

1. The effects of pH and temperature were studied for an enzyme-catalyzed reaction. The following results were
obtained.

Enzyme
Activity
Enzyme
Activity

S\

Temperature pH

a) How do (1) temperature and (2) pH affect the activity of this enzyme? In your answer, include a
discussion of the relationship between the structure and the function of this enzyme, as well as a
discussion of how structure and function of enzymes are affected by temperature and pH:

b) Describe a controlled experiment that could have produced the data shown for eithet temperature
or pH. Be sure to state the hypothesis that was tested here.

2. Feedback mechanisms are used by organisms to maintain the steady-state physiological condition known
as homeostasis. Choose three of the following and for each, explain how feedback mechanisms maintain
homeostasis.

a)~Blood glucose concentration,”
b) Calcium ion concentration in blood.
c) Body temperatures in mammals.

d) Osmolarity of the blood.

e) Pulse rate in mammals.

Copyright © 2000 College Entrance Examination Board and Educational Testing Service. All rights reserved.
AP is a registered trademark of the College Entrance Examination Board.

GO ON TO THE NEXT PAGE.
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AP® Biology 2000 — Scoring Standards

Question 1 Scoring Guide

Each bullet is worth one point:

Part a. (maximum 6 points)

Optimum temperature and pH concept [must include both temp and pH]

¢ Enzyme/Substrate Fit concept
(function dependent on conformation complementarity between enzyme and substrate)
e Tertiary (and sometimes quarternary) structure determines function
¢ Description of enzyme structure or function, e.g.
Structure . Function
Elegant description of primary to tertiary or primary to Increases rate of reaction
quarternary levels of structure
Protein folding/coiling Increases proximity of reactants
Co-enzymes/co-factors Decreases activation energy of the catalyzed reaction
Zymogens Decreases time to reach equilibrium
Allosteric effectors Induced fit and/or orbital steering (*bond stress™)
e Denaturation concept [temp and/or pH] linked to decreased enzyme activity
. (e.g. “denaturation” in context or unfolding or change in 3D shape, not “enzyme breaks down”™)
e How temperature affects conformation

(increased temperature breaks specific bonds, ¢.g. hydrogen, Van der Waals, disulfide bridges)
How pH affects conformation

(change in H' concentration causes a change in specific bond interactions, e.g. hydrogen; ionic; R-group
interactions)

Kinetics (increased or decreased molecular movement ) linked to effect on enzyme activity
due to increase or decrease in temperature up to the optimum

Part b. maximum 6 points

Experimental design must be relevant to the data shown in the graphs

What is measured (¢.g. product formed or substrate used)
How is it measured (titration or spectrophotometry or color change or bubbles counted, etc.)
The independent variable (temperature/pH) is manipulated to produce the results [at least

3 data points are identified]
The described experiment could produce these data

( Experimental design included sufficient range, varied the temp/pH of the reaction mix not the enzyme, what
was measured, and how it was measured)

Held experimental factors constant (specified at least one )
Specified a control group for comparison (no enzyme or boiled enzyme or no substrate)
Verified results (e.g. repeated trials; results represent an average)

Hypothesis clearly related to experiment of choice, and clearly identified as a hypothesis;
can use the if/then...form.

Copyright © 2000 College Entrance Examination Board and Educational Testing Service. All rights reserved.
AP is a registered trademark of the College Entrance Examination Board.



BIOLOGY
SECTION II
4 Questions

irections: Answer all questions. Write your answers on the pages following the questions in the pink bowkdet,

Answers must be in essay form. Outline form is NOT scceptable. Labeled diagrams may be used to supplement
dizeussion, but in no case will a diagram alone suffics. Tt is important that you rwd each question completely before
wou begin 1o write,

1. The effects of pH and temperaturs were studied for an enzyme-catalyzed reaction. The following results were

obtaitied,

Enzyme
Activity
Enzyme
Activity

Temperatars - gsz‘

a} Hﬁw do (1) temperature and (2) pH affect the activity of this enzyme? In your answar, inchade a
discussion of the relationship between the stracture and the function of this enzyme, as well asa
discussion of how structute and function of enzymes are affected by temperature and pH.

b} Describe a controlled experiment that could have pmdsmaé the data shown for gither temperature
or pH. Be sure to state the hypothesis that was tested here,
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ADDITIONAL PAGE FOR ANSWERING QUESTION 1
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