Name

2. Which of the followin

3. Which of the following amino acids is

5. Why is a hydroxyl group a good hy:

ID number

Section 1: Multiple choice questions (25 questions = 25 marks)

Which of the following amino acids would most likely be found on the exterior of a protein?
AT valine M
BT isoleucine
€ tryptophan
glutamate

g amino acids would have the highest relative mobility (Rg) in normal

thin layer chromatography? 1 R J: hon- PO[a r AA

arginine
aspartate
Q methionine
asparagine
; least likely to act as a nucleophile in an enzy{gatic
reaction? N, - P Ny = &— oo™
JW; 1

—AT cysteine 5

serine— catalyl 0 _
C/ valine ; /N
=~ histidine = /ataly S~ ad ' M, Wy

4. Edman’s method for determining amino acid sequence involves which of the following two

distinct steps?
Coupling to phenylisothiocyanate (PITC) in mild base followed by hydrolysis in

acid.
. Coupling to phenylisothiocyanate (PITC) in anhydrous acid followed by cyclization

~ 1n mild base.
(G Coupling to phenylisothiocyanate (PITC) in mild base followed by cyclization in

anhydrous acid.
NB mild base followed by hydrolysis in

DNDB) In

I{ Coupling to fluorodinitrobenzene (FD
6 M HCL

1 ival A )
1 Onor !/

than hydrogen atoms.
nd hydrogen is greater than that in a

tA) The electronegati redte
. The electronegative for

. carbon-hydrogen bond
€. The oxygen’s unbonded pairs of electrons draw the electrons in the oxygen-

VOIS ¢

hydrogen bond closer to the nucleus.
\D\. The partial charge on the oxygen atom makes it a good nucleophile.

6. In the a-helix, the hydrogen bonds:

A~ are roughly parallel to the axis of the helix.

B~ are roughly perpendicular to the axis of the helix.

*&= occur mainly between electronegative atoms of the R groups.
D. occur only near the amino and carboxyl termini of the helix.
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The h_ydroger.n bonds link adjacent strands. gdan oa

The side-chain R-groups point away from the backbone, on one
sheet only.

FI‘OI}] step to step, during the multi-step purification of an enzyme, we expect that the
specific activity of the preparation will:

A._'emain nearly constant
@ increase
—€ decrease

DT increase or decrease depending on the purification methods used.

9. The following sequence represents residues 163-171 of the human P450 1A2 protein. What

secondary structure would be predicted for this sequence? LOYE
Géy I-(I)LS VAL SERLYS GLU ALA LYS ALA Y (I:T
oL : Ko &
@ alpha helix Breat. S ol
—Bbeta strand EPNDS

—€E-Ttandom coil (i.e., no regular secondary structure)
D. the information given is not sufficient for a reliable prediction to be made
10. Indicate which p?tide bonds (labelled 1-14) in the peptide below are cut by chymotrypsin.

Lys - Pro - Phe™- Val - Met - Lys - Trp- His - Tyr - Ala - Tyr - Pro - Cys - Arg - Leu
1 2 3 4 5 6 7 8 9 10 11 12 13 =4

/A) 3,7 and 9

B, 6and 14 Tr £
C. 3,7,9and 11 Phe |
D. 1,6and 14 TvE |
1 |
11. All of the following are considered “weak” interactions in proteins, except: ‘

A. hydrogen bonds i
B. disulfide bonds ‘
C. hydrophobic interactions

=B& van der Waals forces

12. The ispelectric point of a protein is: 1
@ The pH at which the net charge on the protein is zero.
B. The pH at which 50% of the amino acids are deprotonated.
C. The pH at which 50% of the amino acids are protonated.

D. The pH at which the protein is denatured.
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ID number

13. Why do the protein s 2
o equen ; A
raising the pH to abou?g? cing techniques developed by Sanger and Edman begin with
. TI—:: gllll'pH unfolds the protein exposing the peptide bonds.
5 Hi e high concentration of protons destabilizes the peptide carbonyl group.
K {gh pH deQTOt(?nates the N-terminal amino group making the N nucleophilic.
- High pH maintains the charge on the side chains so they can be detected.

14. Which of the following interactions contributes most to the formation of secondary structure
In proteins?
A Hydrophobic effect
Hydrogen bonding
. van der Waals interactions
-B. Electrostatic interactions between ion pairs

15. Linus Pauling’s studies of the peptide bond showed that:
YA—at pH 7, many different peptide bond conformations are equally probable.
~B- peptide bonds are essentially planar, with no rotation about the C—N axis.

C. peptide bond structure is extraordinarily complex.
“P._primary structure of all proteins is similar, although the secondary and tertiary

structure may differ greatly.

16. The major reason that antiparallel B-stranded protein structures are more stable than parallel

B-stranded structures is that the latter:
A= do not have as many disulfide crosslinks between adjacent strands.

B. do not stack in sheets as well as antiparallel strands.
C. have fewer hydrogen bonds between adjacent strands than antiparallel sheets.

D." have weaker hydrogen bonds between adjacent strands.

C_ Anfinsen on the denaturation and renaturation of

17. The Nobel prize-winning expx
the enzyme ribonuclease den
A= RNA, as wel pi
-B- Oxygen is required for protein
(C) The primary structure contains
tertiary structure of proteins.
—P= Proteins fold into their native conformations in the cell, but cannot do so in the test
tube.

e catalytic activity.
!d into their native conformations.
I the information required for secondary and

ood cell is about 7.5 nm (75 A) thick, about how

18. Given that the plasma membrane of a red bl
protein is needed to span the membrane?

many turns of an alpha-helix in a membrane
A, 11

B, 14
& o

X, 50

Page 4 of 12




Pro-Tyr-Asn-Ala-Pro-Ser-Thr-Arg

g:mg the list of masses of amino acids given below, what is the mass of th
gment recorded on the mass spectrometer?

Amino acid masses (Da)

(o K: 128.09497 V: 99.06842
ST & E: 129.04259

: 0589 D: 115.02695
7,
A 0

l lﬂm N: 114.04293 F: 147.06842
P:*97.05276 : m

A. 257.14879 Da
B. 260.11609 Da
C. 344.18082 Da
D. 374.15902 Da

20. Michaelis and Menten assumed that the overall reaction for an enzyme-catalyzed reaction
could be written as:

k
s —-Fs il S
k—l
Using this reaction, the rate of breakdown of the enzyme-substrate complex can be described
by the expression: o Mo / \ [ ES)
A, ki ([EJ-[ESDIS] Fa e A0
B. 4 [ES]
(©) k1 [ES] + & [ES]

\D. ki [ES]

21. In competitive inhibition, an izthibitor:
_A binds at several different sites on an enzyme.
_-B; binds covalently to the enzyme.
~ binds only to the ES complex.
(D,) binds reversibly at the active site.

22. What initial reaction velocity Vo is observed if substrate concentration in an enzyme reaction
is 0.5 x Ky and Vipax is 2.4 X 10° mol L' min™'?

. 1.2x 10°mol L' min” 2 . . |
g. é.o;( 10”7 $gl ! m;n'l e L"Ili;{__‘r:;i, L
. 2.4x 10 mol L min™ Ky, + 168
(D)8.0x 107 mol L" min” ,
Wogg e
p .
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23. The ;
Burkgilil:::) sf!(l) OWs a linear plot of kinetic data (a Lineweaver-
is-3.3x 10° Lr B _ianyme_Cfi'falyzed reaction. If the x-intercept
fie clons mol™, the y-intercept is 6.25 x 10* Lmol'min and
Ope IS 18.75 min, what is the Ky of this reaction?

- 1.6 x 10”° molL"! -
(‘BY 3.03 x 10* molL" X=Int = —— -

. 3.3 x10% molL! S /
D. 6.25 x 10* molL"!

24. What concentration of a competitive inhibitor (K; = 35 uM) is needed to produce an,
apparent Ky’ that is 1.5 times the uninhibited Ky? nc ‘M I X {0
A. 17.5 M oW ( ‘

1

&=

Lo
[s]

B. 52.5uM
C. 35.0 uM
D. 57.5 uM

25. A short section of alpha-helical
peptide is shown in the figure at
right. The O atom indicated by the
heavy arrow (X) is hydrogen-
bonded to the atom indicated by - a8
arrow ... /(‘/C\.\’/c

A A [ T

= ()

OOw
w—> =
a—>=FE—Z

------ MAKE SURE YOUR STUDENT ID NUMBER IS ON THE SCANTRON CARD! ----

Use the rest of this page for rough work

lo =

! e Va
: 3
CX{a
3,9 X
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- Tonization of amino acids

. . g0 . . 4 of
3-methylhistidine is a post-translationally modified form of histidine with a S‘ldei;:t?;; l:fa;es
5.8. Calculate the net charge on 3-methylhistidine side chain at pH 6.3 (The ion
of 3-methylhistidine are same as that of histidine). (3 marks)

pH=6.3 &
qu: 5.8

pH= Pkﬁ - /cgj/ CIQP'O';QI’MJ

P rofanaled

6.3=5.8 + /?7 /” }

s 7

) g
—& { HQ

[—L}”" =00 e P g

hist )~ |
3,/ 6 = "5/.» SRR ) \f’ ' S I
= ol ,
L
3./l - 3./6 oL

77)8 ﬂ@‘/' dlgr;‘jg "or AW,
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Da genase ht

end of ghlzls s L weigh 663 D
u A

of the cuvette was 1ecs > the absorbance of the assay mixture

m. The extinction coefficient of NADH

(molecular wei

s 6

3.1) What’ is the concentration of the NADH product at the end of the ass
(Don't forget to include both the numerical value and the units, in you
(2 marks)
A = L R 8 :
o.32=( I—eaa) (C)(b’L 3oL jk/q
moi»em :

O.‘BZ:((OZZ‘)OJ_._F('C) | /
. mo
c=[5.14 x (05 mol /L]

3.2) Calculate the specific activity of the above reaction in pmoles min” pg’.
your work for full marks. (3 marks) L

J"&CJ}AG; O‘)L bé(.’(i.;\'&i Oy =0 et e {W\C'}

lc‘\l“‘l
3. 43 x o~ % mol [ET S ;
3 ¥ o~ ® !ﬂo//l»‘m’“>(o‘005") '

Show all

-9

™~
>

-

Eﬂ;bg{‘: & jCiny ’ L‘:r“’\ ' “
4 “_1.7x lo=Bmol/min l Hlm-oe | | ‘I
Xlo mo
‘y" [ '\\L ' p ‘: 1 EY nsf/vpl}i’f“ »
: ol | L) .«"sf:/h
LJF{BM‘&., =NV 1T : aialt) i o e
\_ = { 3 7
o P3
[ 8.5F xio~ ' pmaol
| = B.9 2 V
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4.2)

Peptides were o o PLY
. X l
solutions llldicatede

chromato :
gram  an el
heastine de d were detected by  AbSioum

Identj i
shov\t;;f}‘;) :vhlch of the three peptides
€lOw corresponds to peaks A, B

and C. (1.5 marks) e
Elution Time (min)
10 mM Tris 10 mM Tris
buffer, pH 7.0 buffer, pH 7.0 +
0.5 M NaCl
\/

1. Thr-Asp-Val-Glu-lle-Thr-Cys-Gln = C Sk
2: Met-Cys-Lys-Asn-Gly-Phe-Lys-Pro-Leu—Arg—Tyr-Asn = A / 1 ‘K

3. Glu-Ser-Arg-Phe-Asp = 8 o

The chromatogram shown below was obtained when this same mixture was run
hat the average weight of an amino acid

through a gel filtration column. Assuming t
residue is 110 Da, identify the peptide represented by each peak by indicating the
number corresponding to the peptide in the box above the peak. (1.5 marks)

s e 3
L e e / ﬁ/
! \

ADbS)g0 1m

\.
| i

Elution Time (min)

10 mM Tris buffer, pH 7.0
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Student number e e

hown b
elow iS th
termj € start
nus of th, of the second step of the chymotrypsin mechanism. The N-

the € protein un . L
acyl-enzyme intel‘mediiregolng hydrolysis is covalently bound to the enzyme to form

Asp 102 His 57 Ser 195 Gly 193
/w/ /\/ /\/ N\{ o
CH CH CH M :
l . z | & @/@cffo/D/\//@

5.1) Label the atoms that act as the nucleophile and the electrophile in this step. (1 mark)
Wt :7;",@/4:‘;’\ v O % S
\
5.2) Indicate the movement of electrons that occurs in this step leading to the formation of
the second transition state. (2 marks) ,;‘

5.3) What form of enzyme catalysis is His-57 performing in this step (0,5 marks)? How
does this help the reaction mechanism? (0.5 marks) bgse anc

7
v
7

£ A

~

L1

5.4) What is the role of the oxyanion hole m this mech anism? (

-
<

)
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6. i i
Protein tertiary Structure

6.1)

6.2)

Student number ___—

Draw
a bo
X around each cluster of secondar

below. (1 mark) GPNpDS

VEVQYTWTSAGRVHVTI Y@ITCRWTVQ
Pepppp @F“Nﬂgﬁ il

p-B-B 7
Bas;d on the amino acids present in the segments between
predict the tertiary structure of this protein to be? mark)
i - 9 o be an

y structure breakers in the peptide shown
YF VI

the breakers, what do you

: : 2\ cfure
y 5 Pl‘eol»‘c*/' the forhary SMUciUr=
/ Fp S el
an ?'—'/DC//‘I'“J C : —Do'ﬁf&
N
: : . ]
6.3) Explain your answer in question 6.2 (3 marks) / / aqminNe qd a9
’ Vi wh 1eN e .
ocgl Mag(orl|Ty ago © S nenT
Q / ( l\ Yer G seqMent '
J ‘ ) \© . 3 AV 1
74
// N’
o
S |
g car=eis
QI I ip
nNg
¥
\@
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