April 30, 1996

Are Enzymes Specific for their Substrates?
Task Information

Subject: Biology
Content:
e MST Framework Reference:
Standard 4- Science: The Living Environment
* Regents Biology Syllabus:
Unit I: Topic II1.B.2.1 and Topic IIL.B.3
* Variance Biology Program Guide:
Energy, Matter, and Organization: Enzymes
Format: Manipulative
Purpose: Collection and analyzation of data about enzymes activity.
Skills: '
~ Primary: Interpreting Data, Investigating
Secondary: Recording Data, Observing
Time: 30-35 minutes
Materials:

* 1% glucose solution

* 3 Unknown Disaccharide Solutions: A, B, and C
"A" = water ; "B" = 1 - 3% Lactose solution; "C" = water

* Enzyme Solution: LACTAID Liquid (over-the-counter in grocery or
drug stores)
e - Test strip indicator for glucose (over-the-counter in drug stores)
* Spot plate (depression plate) with at least 9 to 12 wells
* China marker to mark spot plates
Preparation:
* Prepare solutions and dispense in either dropper bottles or microscale
disposable pipettes. Label all containers.
* Glucose solution: 1 gram of glucose dissolved in 99 ml distilled water.
 Lactose solution: 3 grams of lactose dissolved in 97 ml distilled water.
* Lactase solution: LACTAID Liquid (over-the-counter in grocery or
drug stores): 1 small bottle per 100 ml distilled water
Safety:

DO NOT INGEST ANY MATERIALS.

Be certain MSDS information is available for each chemical substance
used in this activity.

Extensions/Modifications: N/A
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Are Enzymes Specific for Their Substrates?

Task: At this station, you will be collecting and analyzing data about
enzymes activity.

Materials

¢ Glucose solution

3 Unknown Disaccharide Solutions: A, B, and C
Enzyme Solution

Indicator strips for glucose

Spot plate (depression plate)

Background

@ e ¢ ¢

Disaccharides are chemically changed to simple sugar molecules by enzymes. In

this exercise, you will determine whether a certain enzyme is specific for only one
disaccharide. :

Read through all the directions before beginning.
Directions

After reading the directions, set up a rough copy of a data table to record your
observations.

1. Add two drops of the known glucose solution to Well #1 of the spot plate. Insert
the end of one strip of the glucose test strip indicator. Wait 15 - 30 seconds
before reading the results. Record your observations.

2. Add one drop of the enzyme solution to Well #2 of the spot plate. Repeat the
above test with the test strips and record your observations.

3. Add two drops of each of the unknown disaccharide solutions to the spot plate
as follows:

"A" in spot #3, "B" in spot#4, "C" in spot #5
Test each with a different indicator strip. Record your observations.

4. Add two drops of each of the unknown disaccharide solutions to the spot plate
as follows:

"A" in spot #6, "B" in spot #7, "C" in spot #8.
To each sample of unknown disaccharide, add one drop of the enzyme. Wait

about two minutes and then test with the indicator strip. Record your
observations.

C Please Continue on the Next Page )
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April 30, 1996
Are Enzymes Specific for Their Substrates?

- Answer Sheet
Observations:

In the space below, draw an appropriate table to record your observations.

Analysis:

1. Using complete sentences, explain why testing well #2 is a necessary step in the
procedure.

2

2. Explain in complete sentences, how this experiment shows that enzymes are
specific for only one substrate?

( Please Continue on the Next Page )
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3. If the enzyme used in this experiment was lactase, name the specific substrate on
which it acts.

4. If the enzyme used in this experiment was lactase, which spot contained that
substrate?

5. Using complete sentences, explain your answer to question 4.

6. Write the word equation for the chemical reaction that is catalyzed by lactase.

7. Is the reaction in this activity dehydration synthesis or hydrolysis (digestion)?

8. Using complete sentences, explain your answer to question 7.
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Are Enzymes Specific For Their Substrates? - Scoring Rubric
Maximum Score - 15 points

Data Table 3 points total
Sample data table showing correct results of testing the specificity of the enzyme lactase.
Title: Testing for Enzyme Specificity

Spot Substance Tested Glucose present
yes or no?

glucose solution X

enzyme solution

unknown A solution

unknown B solution

unknown C solution

CalE S I B B

unknown A + enzyme solution

NN iR TWIN |~

unknown B + enzyme solution X

8 unknown C + enzyme solution X

Criteria:
Allow 1 point for each of the following;

* Appropriate title present.

* Substances tested are identified.

* Results of tests recorded and paired. Accuracy of results are not
considered here.

Question 1 - Indicates need for control 2 points total

Criteria:

2 points Correctly / generally states that well #2 acts as a control to show that
the enzyme solution does not contain glucose. Answer should be
written in complete sentences.

1 point Correct statement, but not in complete sentences.
0 points Incorrect responses, even if it is in complete sentences, or no
response provided.
Question 2 - Explain enzyme specificity 2 points total

Criteria:

2 points Correctly states that enzyme activity was indicated by the presence of
glucose in spot 7. Answer should be written in complete sentences.

1 point Correct statement, but not in complete sentences.

0 points Incorrect responses, even if it is in complete sentences, or no
response provided.
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Question 3 - Lactose as specific substrate/disaccharide. 1 point total

Criteria:
1 point Correctly names lactose as the specific substrate/disaccharide on
which lactase acts.
0 points Incorrect responses or no response provided.
Question 4 - Identifies substrate 1 point total
Criteria:
1 point Correctly identifies depression/spot/well 7 as containing the

substrate.

0 points Incorrect responses, or no response provided.

Question 5 - Explain chemical activity 2 points total

Criteria:

2 points Correctly explains that in spot 7 chemical activity occurred as
indicated by a positive test for glucose. Answer should be written in
complete sentences.

1 point Correct statement, but not in complete sentences.
0 points Incorrect responses, even if it is in complete sentences, or no

response provided.

Question 6 - Components in chemical reaction 1 point total
Criteria:
1 point lactose + lactase + water _yields glucose + galactose
or
lactase

lactose + water ——————> glucose + galactose
0 points Incorrect responses, or no response provided.

Question 7 - Type of reaction 1 point total
Criteria:
1 point Correctly identifies this as a hydrolysis reaction.
0 points Incorrect responses, or no response provided.

Question 8 - Explain hydrolysis 2 points total

Criteria:
2 points Correctly states that the lactose (disaccharide) is broken down into
simpler molecules of glucose and galactose (monosaccharides) by

the addition of a water molecule. Answer should be written in
complete sentences.

1 point ©  Correct statement, but not in complete sentences.

0 points Incorrect responses, even if it is in complete sentences, or no
response provided.

Highest possible score - 15 points
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Student ID Scoring Form

Male / Female (circle one) Are Enzymes Specific for Their Substrates?

Directions: Circle the student's score for each question. Add the points for each
question and write the total score at the bottom of the scoring form.

Data Table | 0 1 2 3
1. Indicates need for control 0 1 2

2. Explanation of enzyme specificity 0 1 2

3. Lactose as specific substrate/disaccharide 0 1

4. Identifies spot 7 as containing substrate 0 1

5. Explanation of chemical activity in spot 7 0 1 2

6. Identifies components in chemical reaction | 0 1

7. Identifies type of reaction 0 1

8. Explanation of hydrolysis 0 1 2

Total Score
Total possible score - 15 points

Student ID Scoring Form

Male / Female (circle one) Are Enzymes Specific for Their Substrates?

Directions: Circle the student's score for each question. Add the points for each’
question and write the total score at the bottom of the scoring form.

Data Table 0 1 2 3
1. Indicates need for control 0 1 2

2. Explanation of enzyme specificity 0 1 2

3. Lactose as specific substrate/disaccharide 0 1

4. Identifies spot 7 as containing substrate 0 1

5. Explanation of chemical activity in spot 7 0 1 2

6. Identifies components in chemical reaction 0 1

7. Identifies type of reaction 0 1

8. Explanation of hydrolysis 0 1 2

Total Score
Total possible score - 15 points




Student ID @w”gs‘“ i Scoring Form

Male / Female (circle one) Are Enzymes Specific for Their Substrates?

Directions: Circle the student's score for each question. Add the points for each
question and write the total score at the bottom of the scoring form.

Data Table o 1 2 @

1. Indicates need for control 0 1 C
2. Explanation of enzyme specificity 0 1 C
3. Lactose as specific substrate/disaccharide 0 @
4. Identifies spot 7 as containing substrate 0 @
5. Explanation of chemical activity in spot 7 0 1 @
6. Identifies components in chemical reaction 0 @
7. Identifies type of reaction 0 @
8. Explanation of hydrolysis 0 1 @
Total Score M
Total possible score - 15 points
Student ID Big-ES- 2 ~ Scoring Form

Male / Female (circle one) Are Enzymes Specific for Their Substrates?

Directions: Circle the student's score for each question. Add the points for each
question and write the total score at the bottom of the scoring form.

Data Table 1 @ 3
Indicates need for control 1 @
Explanation of enzyme specificity @ 2
Lactose as specific substrate/disaccharide @

Identifies spot 7 as containing substrate

@

Explanation of chemical activity in spot 7

e,

@
.
1
Identifies type of reaction O
e
Total Score [Z
Total possible score - 15 points

0
0
0
0
0
0
Identifies components in chemical reaction @
0
0

e A T S T

Explanation of hydrolysis




Student ID _3:0_ €S -3 Scoring Form

Male / Female (circle one) Are Enzymes Specific for Their Substrates?

Directions: Circle the student's score for each question. Add the points for each
question and write the total score at the bottom of the scoring form.

Data Table o @O 2 3
1. Indicates need for control @ 1 2
2. Explanation of enzyme specificity . 0 1 @
3. Lactose as specific substrate/disaccharide 0 @
4. Identifies spot 7 as containing substrate @ 1
5. Explanation of chemical activityin spot7 0 @ 2
6. Identifies components in chemical reaction | 0 1
7. Identifies type of reaction 0 @
8. Explanation of hydrolysis 0 Cf‘ 2

Total Score 7

Total possible score - 15 points

Student ID Scoring Form

Male / Female (circle one) Are Enzymes Specific for Their Substrates?

Directions: Circle the student's score for each question. Add the points for each
question and write the total score at the bottom of the scoring form.

Data Table 0 1 2 3
1. Indicates need for control ' 0 1 2

2. Explanation of enzyme specificity 0 1 2

3. Lactose as specific substrate/disaccharide 0 1

4. Identifies spot 7 as containing substrate 0 1

5. Explanation of chemical activity in spot 7 0 1 2

6. Identifies components in chemical reaction 0 1

7. Identifies type of reaction 0 1

8. Explanation of hydrolysis 0 1 2

Total Score
Total possible score - 15 points




6. [5 - May 1, 1996
167 == Are Enzymes Specific for Their Substrates?
Answer Sheet

Observations:

In the space below, draw an appropriate table to record your observations.

EN=ymis Recction Test

Scluwtion Tiestd Resulds
i Glucese Pos . +ive
2, Ewg;dg £ Negative
3 J Solution A Negadive
4 Sojution E Nesative
5 Sedution & ”*32;44 (V&
Z cod/ov B+ Buzyine Negative J
’7 Lﬁjxm 'f'Eggzl g E Pas»‘/nﬂ.—. j
g eludici C 1 E gy v Neg ati ve l

Analysis:

1. Using complete sentences, ¢

xplain why testing well #2 is a necessary step in the
procedure.

I,;—:s{-iwg well #9 oo NECESSARY becauss if mele ps n
Contreel Tan s hoic That ThiZriz is Ao g

Ths & M E Sali

o

2. Explain in complete sentences, how
specific for only one substrate?

77\:5 EK%RIO\‘FN'/_ a//ug*“gg_{;gg Zb,ﬂ{ :Mggus AL Jnea#—
Since The EN‘},LM_; woe ld aiL/u C\_c“"" ON oiveE of e Zzlggg

—dicgeeLopides 4 CAu“-uJ::’L.ﬁ&Ea_éw »

this experiment shows that enzymes are

( Please Continue on the Next Page )
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Are Enzymes Specific for Their Substrates?
‘ Answer Sheet
Observations:

In the space below, draw an appropriate table to record your observations.

fineil | Soluk ﬁ'ésewa:h‘o:j
| %w%

3 | Bt A
t 14,28
7

5 | bl C
6

| A+ brne

‘ B e
i Jd e S |
\ & | fi%@ # loer |

Analysis:

1. Using complete sentences, explain why testing well #2 is a necessary step in the
procedure.

7@4, wm/mmmw L A%ﬂﬁa%ﬂ

2. Explain in complete sentences, how this experiment shows that enzymes are
specific for only one substrate?

C Please Continue on the Next Page )
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Are Enzymes Specific for Their Substrates?
Answer Sheet

Observations:
In the space below, draw an appropriate table to record your observations.

Analysis:

1. Using complete sentences, explain why testing well #2 is a necessary step in the
procedure.

Thes o vxecessaf% be cauvse ,-‘f“gi'?’%e

2. Explain in complete sentences, how this experiment shows that enzymes are
specific for only one substrate?

‘ﬂ\b xperiment chowed hat QMBYMLS Qe specific .;
MCQM_&_Q ‘O*r\(% QL m@ Phe  amRnown disocchac das C—Q!\M%{

( Please Continue on the Next Page )
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3. If the enzyme used in this experiment was lactase, name the specific substrate on
which it acts.

/Gtcff“ase‘/

4. If the enzyme used in this experiment was lactase, which spot contained that
. substrate?

N

5. Using complete sentences, explain your answer to question 4.

ﬁoccw&%é this depression choon qeel Lo destopy
Svom uf/lou) 1o gres n

6. Write the word equation for the chemical reaction that is catalyzed by lactase.
/(xr;ﬁf)éa + /O\C“Z(‘G\,Sé > /m +aTtey,
7. Is the reaction in this activity dehydration synthesis or hydrolysis (digestion)?

hv/ d\rﬁa/bi S1S

8. Using complete sentences, explain your answer to question 7.

Decavse, ﬁmur b wa{wq dd Lo )4_4/912'5 €
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