Chem153A Exam 1

VIBHA GURUNATHAN

TOTAL POINTS

90.5/100

QUESTION 1

14/4
v - 0 pts Correct
- 1 pts Did not state false for 1a
- 1 pts Did not state true for 1b
- 1 pts Did not state false for 1c

- 1 pts Did not state true for 1d

QUESTION 2

26/6
v + 0.5 pts Correctly identified endergonic pathway
v + 0.5 pts Correctly identified exergonic pathway
v + 1 pts Correctly labelled first arrow
v + 1 pts Correctly labelled second arrow
v + 1 pts Correctly labelled third arrow
v + 1 pts Correctly labelled fourth arrow

v + 1 pts Correctly labelled fifth arrow

QUESTION 3

33/4
v + 1 pts Ester
+1 pts Amide
v + 1 pts Amine/Amino
v + 1 pts Carboxylic Acid/Carboxyl

o Although amines can be called amino groups, it's
not the same for amides. The correct terminology is

amide not amido.

QUESTION 4

4 3/4
- 0 pts Correct
v -1 pts Didn't mention coupling with specifically an
exergonic rxn
-1 pts You would couple it with an exergonic

reaction that has dG=-20 or less. Enzymes do not

change thermodynamics.

- 2 pts Did not discuss coupling the unfavorable
reaction with an favorable reaction or specifically say
an exergonic reaction/example of such (ATP
hydrolysis)

- 3 pts Enzymes do not change thermodynamics,
only kinetics

- 3 pts Did not discuss thermodynamics, coupling
the reaction with a favorable reaction, or state
coupling to an exergonic rxn or list an example of an
exergonic example

- 4 pts No answer

QUESTION 5

56/6
v - 0 pts Correct
- 2 pts Incorrect structure of alanine
- 2 pts incorrect stationary phase

- 2 pts incorrect exchanger

QUESTION 6
6 6/6
v - 0 pts Correct

Excellent!

QUESTION 7
7 5/5

- 2.5 pts Answer: B, bicarbonate and phosphate
v - 0 pts Correct

QUESTION 8

8 5/5
v + 5 pts 0.1 M NaOH, because the solution will be at
a pH of 13, which deprotonates the
compound to have a charged species that will

soluble in water



+ 0 pts incorrect

QUESTION 9

9 5/5

v - 0 pts Correct

- 2.75 pts Peptide backbone is incorrect

- 0.5 pts Structure of valine is incorrect

- 0.5 pts Structure of methionine is incorrect

- 0.5 pts Structure of arginine is incorrect

- 0.25 pts Charge of N-terminus is incorrect (should
be neutral)

- 0.25 pts Charge of C-terminus is incorrect (should
be negative)

- 0.25 pts Charge of arginine is incorrect (should be
positive)

- 5 pts No submission

QUESTION 10
10 5/5
v - 0 pts Correct
- 1 pts Incorrect N-terminus charge
- 1 pts Incorrect C-terminus charge
- 1 pts Incorrect asparagine charge
- 1 pts Incorrect glutamate charge

- 1 pts Incorrect tyrosine charge

QUESTION 11

11 5/5
v - 0 pts Correct
- 4 pts Wrong pKa used, should be pKas in between
zwitterion

- 5 pts Click here to replace this description.

QUESTION 12
12 0/5
- 0 pts Correct
v - 5 pts Angle drawn does not match angle
specified, and/ or angle drawn is askew
- 5 pts Angle drawn does not match ~-90 to ~-140
degrees
- 0.5 pts Angle drawn and specified is either -80 or
-160 degrees

- 1 pts Drawing does not modeled after dihedral

angle model

QUESTION 13
13 5/5
v + 5 pts Correct
+ 1 pts identifies R group deprotonated >pH 7
and/or protonated @pH2
+ 1 pts identifies net charge - >pH7 and/or O @pH 2
+ 2 pts identifies repulsion between R groups
destabilizes the ordered alpha helix
+ 1 pts identifies that hydrogen bonds between NH
and C=0 groups **(not R groups)** contribute to alpha
helix formation

+ 0 pts no response written

QUESTION 14

14 5/5
v + 5 pts Correct, beta-mercaptoethanol
+ 2.5 pts indicates reducing agent is required

+ 0 pts no response written

QUESTION 15
15 5/5
v - 0 pts Correct
- 1.5 pts Need to mention that the conformational
change is to planar state for full credit
- 1.5 pts Need to mention that the starting
conformation is puckered in shape
- 3 pts Need to mention which state is "puckered"
and which is "planar"
- 5 pts No answer written
- 5 pts Need to describe how the conformation of
the ring changes

- 1 pts Rings cannot be "linear", they are planar

QUESTION 16
16 2.5/5
- 0 pts Correct
v - 2.5 pts incorrect varient

- 2.5 pts incorrect effect on Hb affinity



QUESTION 17

17 4/4

v - 0 pts Correct

-1 pts ATP curve should be sigmoidal

- 2 pts Curves should be sigmoidal

-1 pts CTP curve should be sigmoidal

- 0.5 pts Curves should begin at same point

- 3 pts Curve labels should be switched

- 4 pts No answer

- 2 pts ATP curve should be a sigmoidal curve
above original curve

- 4 pts Curves should be sigmoidal, ATP on top of
line, CTP below

QUESTION 18

18 5/5
v + 5 pts substrate B

+ 0 pts incorrect

QUESTION 19

19 6/6
v - 0 pts Correct
- 3 pts Incorrect Vmax- apparent value

- 3 pts Incorrect Km - apparent value

QUESTION 20

20 5/5
v - 0 pts Correct
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Chem153A
Biochemistry: Introduction to Structure, Enzymes and Metabolism
Exam 1
Name: \} i3 1+ A CLROUNMATHAN Date: g \¥ 202\
Instructions: Refer to page 10 for pKa values to use in Exam1. Limit your answers to 2

brief sentences. Graders are not required to grade more than 2 sentences per question.
This exam is open notes/ book. Follow the honor code specified in the syllabus.

1. Label the following statements as True or False (4 points):
a. Bacteria lack membrane bound organelles; however, they contain a well-
defined nucleus. - al0xe_
b. Gram positive bacteria have a thick peptidoglycan layer. froo
c. The mitochondrion is the location of protein synthesis. %,, Q pr—
d. The Golgi apparatus is the site of protein processing and packaging.

An—

2. Below are 2 free energy diagrams for 2 different reactions. State whether each
diagram is exergonic or endergonic. Label the 5 arrows correctly based upon the
below choices, which may or may not be used more than once. (6 points)

a. AG

b. AGtcatalyzed :i: D Y N
c. AGH

d. AG*uncatalyzed

A Reactants

@ Products

AG AG

Reactants
Products

»
»

v

Reaction progress A> B Reaction progress A> B

o_ren~ CC

N
Wc’ Page 1 of 10



14/4
v - 0 pts Correct
- 1 pts Did not state false for 1a
- 1 pts Did not state true for 1b
- 1 pts Did not state false for 1c
- 1 pts Did not state true for 1d
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26/6
v + 0.5 pts Correctly identified endergonic pathway
v + 0.5 pts Correctly identified exergonic pathway
v + 1 pts Correctly labelled first arrow
v + 1 pts Correctly labelled second arrow
v + 1 pts Correctly labelled third arrow
v + 1 pts Correctly labelled fourth arrow

v + 1 pts Correctly labelled fifth arrow
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3. ldentify the functional groups that are circled (and in the triangle) in the diagram
below (4 points). '

oD

wlagﬁgkCL OLC/L}Q’

(1)

4. Can a reaction that is nonspontaneous with a AGo value of +20 kJ/mol be made
to become favorable? If so, then how? (4 points)
e can KM o & W,"»gmmm ceootren ande Ko resxcherd
i b U‘W(’“("JS‘ o vmakese  tee ool vea chion e&ubﬂ“bw &vordve_v.

5. Draw the species of alanine that dominates at pH 1.0. Circle the stationary phase
that will better retain the species that dominates at pH 1.0, and state whether the
circled stationary phase is a cation exchanger or anion exchanger. (6 points)

pre =10 Py = 2 3% ) pra = A

H +
- -
Cellulose e Cellulosey™ ™ il
or | or Hz Hz
agarose - agarose

Carboxymethyl
(CM) group
(ionized form)

Diethylaminoethyl
(DEAE) group

ﬁ (protonated form)
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33/4
v + 1 pts Ester
+ 1 pts Amide
v + 1 pts Amine/Amino
v + 1 pts Carboxylic Acid/Carboxyl

o Although amines can be called amino groups, it's not the same for amides. The correct terminology is amide

not amido.
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4 3/4

- 0 pts Correct
v -1 pts Didn't mention coupling with specifically an exergonic rxn

-1 pts You would couple it with an exergonic reaction that has dG=-20 or less. Enzymes do not change
thermodynamics.

- 2 pts Did not discuss coupling the unfavorable reaction with an favorable reaction or specifically say an
exergonic reaction/example of such (ATP hydrolysis)

- 3 pts Enzymes do not change thermodynamics, only kinetics

- 3 pts Did not discuss thermodynamics, coupling the reaction with a favorable reaction, or state coupling to an
exergonic rxn or list an example of an exergonic example

- 4 pts No answer
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56/6
v - 0 pts Correct
- 2 pts Incorrect structure of alanine
- 2 pts incorrect stationary phase

- 2 pts incorrect exchanger
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6. Calculate the ratio of conjugate base to weak acid at pH 7.0 for a molecule with a
pKa of 8.2. (6 points) 1

V% = ?\Lk « 9\% [CBAA
7.0= ¥.2 « Llsa L C8 /Al

.

s Cea/fwrd = 20-%.2 =" (
e Cc’[&/"""l =\

= (O

[CB/\A:Al = 9.0673

7. What is the name of the buffering system that buffers the blood and cytoplasm of
the cell, respectively? (5 points)
a. Bicarbonate only
Bicarbonate and phosphate
c. Phosphate and ammonium
d. None of the above

8. Is the following compound more water soluble in an aqueous solution of 0.1 M
NaOH or 0.1 M HCI? Briefly explain why. (5 points)

=% @ g e e
Ca ?‘*

Page 3 of 10



6 6/6
v - 0 pts Correct

Excellent!
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6. Calculate the ratio of conjugate base to weak acid at pH 7.0 for a molecule with a
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=% @ g e e
Ca ?‘*
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7 5/5
- 2.5 pts Answer: B, bicarbonate and phosphate
v - 0 pts Correct
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=% @ g e e
Ca ?‘*

Page 3 of 10



8 5/5
v + 5 pts 0.1 M NaOH, because the solution will be at a pH of 13, which deprotonates the
compound to have a charged species that will soluble in water

+ 0 pts incorrect
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9. Draw the structure of the oligopeptide V-M-R at pH 10. (5 points)
o 0
| o \l

|

W C C D_
|

[

C € N Coes b
gz
/ \ce('_l. v e
Ckks c Wz ‘
L M,
; L
Ciknq '
C =\
|
MHL

10.What is the net charge of the oligopeptide N-E-Y at pH 7.5? (5 points)

. @ /‘XQ,A.v (‘@/W m{rbzo—ﬂ"&/ ot &L;"::_
NS~ dl\ﬂ"%/ “ _‘ &‘L’b Q\P\Q( J‘QJP"BP'
P é'\"us-fg\,;,w P
co0”
]
s
\
[
W 0 o
\—‘g\\s* l C]L //Q V\Q E\o‘
’ v I\ ‘c.ﬂ,_

(C,&z O @
C
Hz_'\)/ N Page 4 of 10

oy

1
\A



95/5
v - 0 pts Correct
- 2.75 pts Peptide backbone is incorrect
- 0.5 pts Structure of valine is incorrect
- 0.5 pts Structure of methionine is incorrect
- 0.5 pts Structure of arginine is incorrect
- 0.25 pts Charge of N-terminus is incorrect (should be neutral)
- 0.25 pts Charge of C-terminus is incorrect (should be negative)
- 0.25 pts Charge of arginine is incorrect (should be positive)

- 5 pts No submission
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9. Draw the structure of the oligopeptide V-M-R at pH 10. (5 points)
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10 5/5
v - 0 pts Correct
- 1 pts Incorrect N-terminus charge
- 1 pts Incorrect C-terminus charge
- 1 pts Incorrect asparagine charge
- 1 pts Incorrect glutamate charge

- 1 pts Incorrect tyrosine charge
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11.Calculate the pl of the oligopeptide M-K-S. (5 points)

- 2 ¥ i © 3
ki gq«f‘*bL -2 o
O[ \
. 1
( by Lig\ /C/—aoobk
+ Lose e 2 Ny B 4y
LN { \ « "
3 n oot
T PVI')//L'
C
(A
& 7\
[

LY

12.Below is the Ramachandran plot depicting the location of several secondary
structures. Draw the phi dihedral angle for parallel B sheets in the designated
box. Also state the degree of the dihedral angle in the box. Use the structure of a
dihedral angle below (adjacent to the Ramachandran plot) as a model to draw

your dihedral angle. (5 points)

Y (degrees)

(€)]

Collagen triple
helix

Antiparallel

Bsheets  p,ajjel

B sheets

Right-twisted
B sheets

(\9 :

Model Dihedral angle

+180 Left-handed
a helix
ran C
60 F . l: >| /
o I ({ Co
Right-handed =Y
—60 L * a helix ({)), 10 ,\{)
120} ) l
120 p -\1
—180 ' / C
-180 .0 0 +180
& (degrees)
Y"Jlﬁl’n-
Phi dihedral angle for antiparattel beta sheet

Page 5 of 10




M1 5/5
v - 0 pts Correct
- 4 pts Wrong pKa used, should be pKas in between zwitterion

- 5 pts Click here to replace this description.
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12 0/5
- 0 pts Correct
v - 5 pts Angle drawn does not match angle specified, and/ or angle drawn is askew
- 5 pts Angle drawn does not match “-90 to “-140 degrees
- 0.5 pts Angle drawn and specified is either -80 or -160 degrees

- 1 pts Drawing does not modeled after dihedral angle model
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s o ek

13.A polyaspartate polypeptide, made of only L-Asp residues, adopts a random coil
structure at a pH above 7.0; however, it adopts an alpha helix conformation at pH
of 2.0. Provide a brief explanation of this phenomenon. (5 points)

T oo 7O Rl F Rl dept

Asportotets R quoup bam o plo of 35 0 pits @bt Tyt ®aceer
w1l RWM& W%MC“*QAfWM‘de@eﬁ)/AA (
Fhas mapaive  oho-rg> Caume. randlon cods J«n—m\: \wa/mﬁgmm
( Tro inede s yesidues MMW&— oL N

Mw*

B owbart, O pK 20, Ml L -asp MMM‘,M&WGLWW

Coscmuing Mgn«»g—ﬂy W& o an oL e .
%The process of hair, which is made up of a-keratin helices, getting permed is

depicted in the diagram below in box 1. Circle the reagent in Box 2 that will most
likely be used in step1 of Box 1. (5 points)

Box 1
(j SH HS- ( a O
—8=8— —SH HS- \J HHS
_reduce | _curl SH yg _oxidize 8
—8=8— —SH HS- ~.
- HS— HS—
(- — —SH HS- - |
S“ “~ - -8
—S=8— ~SH HS— -~
51\“ ,.S'"S
—8—8— —SH HS~ w 0o
0 ¥ ’
Box 2 |é Mﬁ
HaNT~ “NH, WS- ‘ M
Urea R'\
NH,
|+
N o cr
HNT “NH;

Guanidinium chloride

H;
-Mercaptoethanol

Page 6 of 10



13 5/5
v + 5 pts Correct
+ 1 pts identifies R group deprotonated >pH 7 and/or protonated @pH2
+ 1 pts identifies net charge - >pH7 and/or O @pH 2
+ 2 pts identifies repulsion between R groups destabilizes the ordered alpha helix
+ 1 pts identifies that hydrogen bonds between NH and C=0 groups **(not R groups)** contribute to alpha helix
formation

+ 0 pts no response written
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14 5/5
v + 5 pts Correct, beta-mercaptoethanol
+ 2.5 pts indicates reducing agent is required

+ 0 pts no response written
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15.Briefly explain how the heme protoporphyrin ring changes from the
deoxygenated state to the oxygenated state of hemoglobin. (5 points)

The  hona WF““X“)” "V‘(‘Q rrds  an ro Ghor wn s 2

e 1)a the heme a ronplante when B ow i s Mo
grere (Fe v M‘ _ \9 \ — g haPl s w Ymcosue of o7 o
ok, or nor bound b oan o 2 e 2 A
’ . pMS'.'f"XL{m ” e oeqpeny hewerer % e fo 7 I‘w_(;vr%ﬁv\ Ty becomes damsr
/

w hdh Trereane
16.Below is a list of hypothetical Hemoglobin variants. Circle the name of the variant
that is most likely to show an increase in BPG binding. Does such a hypothetical
variant cause an increase or decrease in hemoglobin’s affinity for oxygen? (5
points)
b Minnesota: substitutes Pro for Leu in an alpha helix np &b A
b. Hb Towncow: substitutes Lys for Val
c. Hb New Orleans: substitutes Met for Tyr, which disrupts the hydrogen
bonding at the a1f31 interface.
d. All of the above

IPM@M\LJ&QQ MLM”L\WS

_ wgm O, .
17.Below is a rate Vs [substrate] curve for the enzyme aspartate transcarbamolyase
(ATCase). ATP is known to stabilize the R-state of ATCase and makes it easier
for the aspartate substrate to bind. While CTP, on the other hand stabilizes the T-
state of ATCase. Draw the curves for the binding of ATP and CTP and label the
curves clearly with ATP or CTP. (4 points)

At

a1

&

£ | .

& g <
Bwm.S
8T

8

=

1 | | |

10 20 30 40
[Aspartate], mM
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15 5/5
v - 0 pts Correct
- 1.5 pts Need to mention that the conformational change is to planar state for full credit
- 1.5 pts Need to mention that the starting conformation is puckered in shape
- 3 pts Need to mention which state is "puckered" and which is "planar"
- 5 pts No answer written
- 5 pts Need to describe how the conformation of the ring changes

- 1 pts Rings cannot be "linear", they are planar
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d. All of the above

IPM@M\LJ&QQ MLM”L\WS
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17.Below is a rate Vs [substrate] curve for the enzyme aspartate transcarbamolyase
(ATCase). ATP is known to stabilize the R-state of ATCase and makes it easier
for the aspartate substrate to bind. While CTP, on the other hand stabilizes the T-
state of ATCase. Draw the curves for the binding of ATP and CTP and label the
curves clearly with ATP or CTP. (4 points)
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16 25/5
- 0 pts Correct
v - 2.5 pts incorrect varient

- 2.5 pts incorrect effect on Hb affinity
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15.Briefly explain how the heme protoporphyrin ring changes from the
deoxygenated state to the oxygenated state of hemoglobin. (5 points)
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16.Below is a list of hypothetical Hemoglobin variants. Circle the name of the variant
that is most likely to show an increase in BPG binding. Does such a hypothetical
variant cause an increase or decrease in hemoglobin’s affinity for oxygen? (5
points)
b Minnesota: substitutes Pro for Leu in an alpha helix np &b A
b. Hb Towncow: substitutes Lys for Val
c. Hb New Orleans: substitutes Met for Tyr, which disrupts the hydrogen
bonding at the a1f31 interface.
d. All of the above
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17.Below is a rate Vs [substrate] curve for the enzyme aspartate transcarbamolyase
(ATCase). ATP is known to stabilize the R-state of ATCase and makes it easier
for the aspartate substrate to bind. While CTP, on the other hand stabilizes the T-
state of ATCase. Draw the curves for the binding of ATP and CTP and label the
curves clearly with ATP or CTP. (4 points)
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17 4/4
v - 0 pts Correct
-1 pts ATP curve should be sigmoidal
- 2 pts Curves should be sigmoidal
-1 pts CTP curve should be sigmoidal
- 0.5 pts Curves should begin at same point
- 3 pts Curve labels should be switched
- 4 pts No answer
- 2 pts ATP curve should be a sigmoidal curve above original curve

- 4 pts Curves should be sigmoidal, ATP on top of line, CTP below
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T, dow A L, ih bt
18.Enzyme X follows simple Michaelis-Menten kinetics and has different affinities for
substrates A and B. Km for substrate A is equal to 20mM and the Km for
substrate B is 15mM. What is the preferred substrate for enzyme X? (5 points)
Quldot B . Subdrest B hos o lawer K Han sabardet A, B L (ower
~ ’ (rv kb\l_ [ﬂb
K R . ; % = [N W W
’Y:%W\fm?“"”g W‘ ¢ %ﬂwm%&. b st v oA e & & Ty
oot B & grefprvedd, > v}g%mﬂb,ag—% w/wMaW,&MW
19.Below is a Lineweaver-Burke plot for an enzyme in the absence and presence of
an inhibitor. Calculate Vmax apparent and Km Apparent for the graph. (6 points)
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18 5/5
v + 5 pts substrate B

+ 0 pts incorrect

Page 39



T, dow A L, ih bt
18.Enzyme X follows simple Michaelis-Menten kinetics and has different affinities for
substrates A and B. Km for substrate A is equal to 20mM and the Km for
substrate B is 15mM. What is the preferred substrate for enzyme X? (5 points)
Quldot B . Subdrest B hos o lawer K Han sabardet A, B L (ower
~ ’ (rv kb\l_ [ﬂb
K R . ; % = [N W W
’Y:%W\fm?“"”g W‘ ¢ %ﬂwm%&. b st v oA e & & Ty
oot B & grefprvedd, > v}g%mﬂb,ag—% w/wMaW,&MW
19.Below is a Lineweaver-Burke plot for an enzyme in the absence and presence of
an inhibitor. Calculate Vmax apparent and Km Apparent for the graph. (6 points)
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19 6/6
v - 0 pts Correct
- 3 pts Incorrect Vmax- apparent value

- 3 pts Incorrect Km - apparent value
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A
20.Based upon the graph in question #7, what type of inhibitor is depicted, and does
this inhibitor have a greater affinity for the enzyme only, enzyme-substrate
complex only, or both? (5 points)
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20 5/5
v - 0 pts Correct
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