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Question 3: Scientific Investigation 4 points

Fireflies emit light when the enzyme luciferase catalyzes a reaction in which its substrate, D-luciferin, reacts
to form oxyluciferin and other products (Figure 1). In order to determine the optimal temperature for this
enzyme, scientists added ATP to a solution containing D-luciferin, luciferase, and other substances needed
for the reaction. They then measured the amount of light emitted during the first three seconds of the
reaction when it was carried out at different temperatures.

Lucif
D-Luciferin + O, + ATP —————"" o Oxyluciferin + CO, + AMP + PP, + Light

Figure 1. Light is emitted as a result of the reaction catalyzed by luciferase.

(a) Describe a characteristic of the luciferase enzyme that allows it to catalyze the reaction. 1 point
Accept one of the following:
e It has an active site/a shape that can bind with the substrate(s)/brings reactants

together.
e It has a charge that is compatible with the substrate(s).
(b) Identify the dependent variable in the experiment. 1 point
e The amount of light emitted
(c) State the null hypothesis for the experiment. 1 point
e Temperature has no effect on the amount of light emitted.
(d) A student claims that, as temperature increases, there will be an increase in the amount 1 point

of light given off by the reaction in the first three seconds. Support the student’s claim.
Accept one of the following:
e Higher temperature increases the frequency of collisions/interactions between

molecules, resulting in an increase in reaction rate.
e The higher temperature results in a change to the active site that enhances substrate
binding.

Total for question 3 4 points

© 2022 College Board



) Q3 Sample A 1 of 1

BEGIN Question 3

Begin your response to QUESTION 3 on this page. Do not skip lines.
W) A CROTOCRASNC OF 4re \LUEF0Se Enpyme 1raY OUOWS WO COYGYZL “e

YEOOHLM 13 (S SPetie OUmve SWe Tre eniyme’'s ormnd OO b Ave R-Soue
WWRSGOE VN SUtn G WOz My @we) \Wadikesase W ungue SAcwre & alrwe siie
SOMOY 1S SVBEKONE /T WATO Aot ootve s & luCiheose Con corav e
e veachun oY \Owennd YO athmation enesyy-

b) Tre geeendan JOnOBIE 18 ¥ne DM OoOnaT oF\VSNT e €d danng +re
frar anree seonds oF Ane Cocmor.

€D The UM WRoYhe S5 13 ARGY demees otue NOY PO 1MPaU On g,

Qe BF WEIRYT evniired ‘ord Ane Lo,

A) Wi O WACTEOSE v MMIeefCinaG ) SUBKTOE FMORCUE) nve YNOTT

Koelt evesay), SO 4hey wOve Onouno more & futier, ™Meang & woe
WREAY) ARG O SUBSYWOE wD\VEOU'E LAl BumP \TO U SeF yushed \nTD +re.
WORAGSE enayree, BMO W TR @nTUe'S GEThe S, Undess Yne

cowion; L rees ermd WSar-

Unauthorized copying or reuse of this page is illegal. Page 8 GO ON TO THE NEXT PAGE.

Use a pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

e & o o e o @ ® assza




Q3 Sample B 1 of 1

BEGIN Question 3

Begin your response to QUESTION 3 on this page. Do not skip lines.
) Lucibtrase g oon tinzynie Wi aun aetive

Sire HAor Pmﬂ‘j FYrS  1¥S S'wa/
D-1ucitesiv . Tve achve Site holds e
Svbsh a4t 1 o= posiRon whio \owens
Hae oetfivanon. ereray 0F M eaotya
ond  Cahalyzes it

b) The aomount ofF light emitted during Hie &vst
2 S2Lownds of e veonciHaon

) Tempauoture has no Starishcaly Signiéy cant
effFeckr o Hre au:.hwi'r\g CE tHre |uCiferomse On2yne,

d) An  increase  in Fempamthie  increases e
kinethc einermgy of M~ vreadtant Malewes,
Whicl.  vneans +reuy will  collide more oé+en
and  D-luciferim Wil tnter HMre ackve site of
luiFearanse Wove gften . TV%FO»-QI HAe vreach o
Speed Wil  novenst , praduding Mmore pradudy
in e Kysry 2 seconds. Since i o
preavck ;| move gt Will be given ¢ff ot

N Nighar  emplrdhre.

Unauthorized copying or reuse of this page is illegal. Page 8 GO ON TO THE NEXT PAGE.

Use a pen with black or dark blue ink only, Do NOT write your name. Do NOT write outside the box.




1
|

Q3 Sample C 1 of 1

BEGIN Question 3

Begin your response to QUESTION 3 on this page. Do not skip lines.
&) Lvciberose T able b cﬁ.\"\';y-!— te  reackisn

becows? v avsS A veackon flam ive  gubstvate
D-Lucikerin, b) The dependent variable n i,
&pzn‘mm* s the amount of tfsm' emitted during the
At  fhee Seonds of Ha rveaston. o) The fempeair
has no et on the amount of [|'5|’l"‘ emitted in the
brst tre sewnds, ) ks Yhe femfersturce
reoses e amount of J{fﬂ‘ emitied Wil ag welA
becase o will  ¢avse Molecules to move Mo

Unauthorized copying or reuse of this page is illegal. Page 8 GO ON TO THE NEXT PAGE.

Use a pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.

e o o e o o L assee




AP® Biology 2022 Scoring Commentary

Question 3
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

Question 3 described the chemical reaction that produces light in fireflies and presented the chemical equation.
The stimulus also described a scientific investigation designed to determine the effect of temperature on the
reaction in a solution containing ATP, the substrate D-luciferin, and the enzyme luciferase.

Responses to part (a) were expected to describe that luciferin has an active site compatible with its substrate
(Learning Objective ENE-1.D).

Responses to part (b) were expected to identify the amount of light emitted as the dependent variable (Science
Practice 3.C).

Responses to part (c) were expected to state the null hypothesis of the experiment (Science Practice 3.B).

Responses to part (d) were expected to support the claim that increased temperature results in an increase in light
emitted by demonstrating an understanding that, as molecular movements increase, more collisions between the
substrate and enzyme will occur (Learning Objective ENE-1.G).

Sample: 3A
Score: 4

The response earned 1 point in part (a) for describing that the enzyme has a “specific active site ... so that its
substrate fits into that active site.” The response earned 1 point in part (b) for identifying the dependent variable as
“the amount of light emitted.” The response earned 1 point in part (c) for stating “that temperature has no impact on
the amount of light emitted.” The response earned in 1 point in part (d) for supporting that higher temperatures will
give molecules “more kinetic energy ... making it more likely that a substrate molecule will bump into ... the
enzyme.”

Sample: 3B
Score: 3

The response earned 1 point in part (a) for describing that the luciferase enzyme has an active site that “perfectly fits
... and holds the substrate” and allows it to catalyze the reaction. The response earned 1 point in part (b) for
identifying the dependent variable as the “amount of light emitted.” The response did not earn a point in part (c)
because it states an “effect on the activity of the luciferase enzyme” instead of on the amount of light emitted. The
response earned 1 point in part (d) for supporting the claim by stating that higher temperatures will make the reactant
molecules “collide more often” and therefore “the reaction speed will increase.”

Sample: 3C
Score: 2

The response did not earn a point in part (a) because it does not describe an active site or a shape of the enzyme that
can bind with the substrate. The response earned 1 point in part (b) for identifying the dependent variable as “the
amount of light emitted.” The response earned 1 point in part (c) for stating the “temperature has no effect on the
amount of light emitted.” The response did not earn a point in part (d) because it does not connect the increased
rapidity of molecule movement with increasing the frequency of collisions.
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