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Biochemistry 5700
Fall 2010
Final Exam
December 15, 2010

INSTRUCTIONS:

Do not begin until 9:30 AM. The exam must be turned in by 11:20 AM. This exam contains two
sections: the “new material” section and the “comprehensive” section. There are 70 total questions
(35 new material, 35 comprehensive).

Answer the questions by marking on the scantron sheet using a #2 pencil. Turn in the scantron
when you are finished. Good Luck!!

Equations: AG = AG® +RT InQ AE =AE® —R—Z_:an AG' = -nFE'
n
[A] _ V max-[S]
H=pK, +log—— yp=— =
A TN KnHS]
Constants: F=96.5k]/Vemol R =8.3144 J/mol-K

Properties and Canventions Associated with the Standard Amino Acids

Pk, valuos
e acid Kobreriated . . 109 - £gs y® ’;ﬁ‘up; TABLE 13-7 Standard Reduction Potentials of Some Biologically
- Iimportant Half-Reactions, at pH 7.0 and 25°C (298 K)
Half-reaction K E° )
30, + 2H" + 2™ — H,0 0.816
Fed* + e~ — Fe?* 0.771
NO; + 2HY + 287 ey N0, + H,0 0.421
Cytochrome f (Fe*) + @~ —— eytochrome f (Fe?*) f 0.365
Fe(CN)g {ferricyanide} + e7 — Fe(CN)é - 0.36
Cytochrome a, (Fe3™) + &~ —> cytochrome ay (Fe?*) 0.35
(ke 0, + 2H" + 26 — H,0, 0.295
Cytochrome a (Fe®*) + e~ > cytochrome a (Fe?*) 0.29
Cytochrome ¢ (Fe3*) + ¢~ —— cytochrome ¢ (Fe?*) 0.254
Cytochirome ¢, (Fe3*) + e~ — cytochrome cy (Fe?™) 0.22
Cytochrome b (Fe3*) + e~ —— cytochrome b (Fe?™) ’ 0.077
Ubiguinone + ZH* + 2™ —— ubiguinol . 0.045
818 Fumarste®™ + 2H* + 2~ —— succinate?” 0.031
2H* + 2e™ —— H, (at standard conditions, pH 0) 0.000
Crotonyl-CoA + 2H™ + 2™ ——— butyryl-CoA —-0.015
Oxaloacetate?” + 2H* + 2@~ ——> malate?” —0.166
Pyruvate” + 2H" + 2e" —> lactate” ~-0.185
Acetaldehyde + 2H* + 2e~ —> ethanol -0.197
FAD + 2H* + 2¢~ —— FADH, -0.219*
Glutathione + 2H™ + 2e~ — 2 reduced glutathione -0.23
Sssertale R L S+ 2H” + 26" —— HyS —0243
Glutamale 147 2.1% Lipoic acid + 2H* + 2e~ —— dihydralipoic acid -0.29
NAD* + H*™ + 2e~ —— NADH -0.320
NADP* + H™ + 2e~ —> NADPH —0.324
Acetoacetate + 2H" + 2e” — B-hydroxybutyrate -0.346
e-Ketoglutarate -+ CO, -+ 2H* + 2" —> isocitrate -0.38
2H® + 287 —> H, (at pH ) -0.414
Ferredoxin (Fe3*) + e~ —> ferredoxin (Fe?*) ~0.432



A00017380
Text Box
Fall 2010


Name

P
I
HaQ CHy—CH,—0—P—0—P—0" | | $
w;)\( 5 5 | |
CHZ_' S
7 N i
) I \/c:/S CHp-CHy-CHy-CHy-C—0-
/\ H
HaC N NH,
H 0
o
ll}
i NH
NH
I
S “(CHps—C—o-
-0—P—0—CH, | j\
OH N
c|>- | AN H™ N~ e ‘
®_~ 0 ! ﬁ Hy
N CHg HN C—NH—C—CH,—CO00-
o
0 ) CH;0 CHs
B n A L
H3C_(|3 \I(i;/ §|/ \TH HBC_? \ﬁ:/ \”/ \TH CH,
Hg,c—c§C /C\N /C%N _C=0 HC—Cx__-C~_ C~_ C=0 CH;0 (CHp—~ CH==C—CHg)sH
N
H | H | H %
CH
[ " |
H(|;—OH OH
H(I}—OH CH30, CHa
HC—OH O o Adenine o
H<|: 0 ﬂ Ll’ O—Ribo j
2 | | loose CHZ0 (CHy—CH==C—CHyp),H
0- 0- OH




Name

1. Correctly order the following sequence of reactions involved in the processing of dietary fat, from
first to last.

i. resynthesis of triacylglycerols from glycerol and free fatty acid{=14 )

ii. transport of fatty acids into intestinal epithelial cells@)

iii. emulsification by bile salty=

iv. hydrolysis by intestinal lipases (‘;2)

v. packaging of triacylglycerols in chylomicrons @

vi. transport of fatty acids in to myocytes or adipocytes € 7
vii. hydrolysis of triacylglycerols by lipoprotein lipase,

a.iii,iv,i,ii,v,vii, vi St ‘ . - ,
b.iii, v, iv, i, i, vii, vi cle, w, LbeVovee Ve
c.iv,iii,i,ii, v, vil, vi
d. iV, i, 1, v, vii, vi
e iil,v,vil, 1,1, IvvI

2. The regulatory cascade leading to fat breakdown in adipocytes follows what correct sequence of

events?

a. hormone-receptor binding, G protein activation, adenylate cyclase activation, cyclic AMP
roduction, lipase activation, protein kinase activation

b)hormone-receptor binding, G protein activation, adenylate cyclase activation, cyclic AMP

production, protein kinase activation, lipase activation

c."hormone-receptor bindifig, protein kinase activation, G protein activation, adenylate cyclase

activation, cyclic AMP production, lipase activation

d. hormone-receptor binding, adenylate cyclase activation, cyclic AMP production, G protein

activation, protein kinase activation, lipase activation

e. hormone-receptor binding, G protein activation, cyclic AMP production, adenylate cyclase

activation, protein kinase activation, lipase activation

3. What is the correct sequence of events by which fatty acids are transported and processed from
the cytosol to the mitochondrion? A ——/WFIQ’ Coh - F/Qf copmn it — FAC 0}4

a. fatty acid, fatty acyl-CoA, fatty acyl-AMP, fatty acyl-CoA, fatty acyl carnitine

b. fatty acid, fatty acyl-phosphate, fatty acyl carnitine, fatty acyl-CoA

c. fatty acid, fatty acyl-CoA, fatty acyl-AMP, fatty acyl carnitine, fatty acyl-CoA

d Yatty acid, fatty acyl-AMP, fatty acyl-CoA, fatty acyl carnitine, fatty acyl-CoA

e. fatty acid, fatty acyl-phosphate, fatty acyl-CoA, fatty acyl carnitine, fatty acyl-CoA

/ol prn gl
) oo Lnd 19 ol eha g7y poots

4. The complete beta-oxidation of oleoyl-CoA to acetyl-CoA would produce 6)) NADH
and (i) FADH,, while the complete beta-oxidation of stearoyl-CoA to acetyl-CoA would
produce (iii) NADH and (iv) FADH,?

a. (i) 9; (if) 9; (iif) 9 (iv) 8
 (iif) 9: (iv) 9 | Cle: gcqolﬂfg

ﬂ oYX ’Ulﬁ';‘f@m
% M)’%}g }J gF/ﬁﬂ/%

3 (/\/{/ fa/auéﬁ;if é@%{
RS, 2

; () 8; (L) 8; (v) /
e. (1) 8; (1) 9; (1i1)) 9; (iv) 9
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5. What is the correct order in which the following cofactors or substrates participate in beta
oxidation, from first to last?

a. NAD", H,0, FAD, CoASH

( b FAD, H,0, NAD", CoASH

c. NAD', FAD, CoASH, H,0

d. FAD, NAD", H,0, CoASH

e. NAD", FAD, H,0, CoASH

6. Match the enzyme from beta oxidation with an enzyme from the citric acid cycle that carries out
the most similar chemistry

B-hydroxyacyl-CoA Acyl-CoA dehydrogenase Enoyl-CoA hydratase
dehydrogenase -
o > s e e
76 ¢ Mala&&éehydmg% Succinate dehydrogenase ) ( fumarase )
(b) Succinate dehydrogenase a-ketoglutarate dehydrogénase fumarase
© Succinate dehydrogenase Malate dehydrogenase aconitase
(d) Succinate dehydrogenase Malate dehydrogenase fumarase
(e Malate dehydrogenase a-ketoglutarate dehydrogenase | aconitase
| M e, oo |
7. The reaction catalyzed by enoyl-CoA isomerase will be initiated by: %f Ty, ﬂ
a. hydride transfer to the substrate alpha carbon )2 Z 5% N g (ﬁ -
b. general base abstraction of a proton from the substrate beta carbon 1]
c. hydride transfer to the substrate beta carbon )
d. hydride transfer to the substrate gamma carbon @ .

e..deneral base abstraction of a proton from the substrate alpha carbon

8. What will be the next electron pushing step in o
%
|

the catabolism of the following intermediate of {’?2
beta oxidation? ‘ 5 )i\)\ CoA
. . o
e /\\, 1 e
R 47 0

a. hydride transfer from NADH to C3
b. hydride transfer from NADH to C5

c. general base abstraction of a proton from the C2 carbon O
. Attack of the thiolate of Coenzyme A on C3 . S “"C QU A
e. Attack of the thiolate of Coenzyme A on Cl1 :

9. What is the correct sequence of reactions for conversion of propionyl-CoA to a metabolite that

can enter the citric acid cycle? pm{, (o

a. 0i) carboxylation, (ii) epimerization, (iii) isomerization &a,

b. (i) carboxylation, (ii) isomerization, (iii) epimerization / / /1
c. (i) epimerization, (ii) carboxylation, (iii) isomerization /’) Me fﬂdﬂf/ grqt C&

d. (i) carboxylation, (ii) dehydrogenation, (iii) isomerization \ﬁ;
e. (i) carboxylation, (ii) isomerization, (iii) dehydrogenation ¥

l M&/V[WW/ (2

¥
‘ W@fﬂwl &4’9
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] O.What will be the next electron pushing step in the I4 0 O
catabolism of the following intermediate of beta
oxidation?
"G _
a. general base abstraction of a proton from water 2 L '
to form a hydroxide, followed by attack of the hydroxide on C2 . ' ﬁ

eneral base abstraction of a proton from water to form a hydroxide, followed by attack of the
ydroxide on C3
c. transfer of a hydride from NADH to C3
d. transfer of a hydride from NADH to C2
e. attack of the electron pair in the double bond on a water molecule

11. The structures of which of the following
compounds shown to the right are
collectively referred to as “ketone bodies™?

a. 1, 1ii, and iv
.1, 111, and vi
C. 11, 111, and vi

d. iii, v, and vi
e. 1, 1v, and vi

12. 3. The following structures could represent intermediates formed by what enzymes?

MO O MO O
| /[L | ’/[L | |
R o«fFl’go@ R ongofz:s%;osme "y

O C“\(g 4 M ﬂ o B*’ ,}ug""&*‘\ / 6‘:;\04!:? @k’)“} pﬁ ‘j\[é
(i P {ZJMJ & P W"(\ﬁ} 9 <f2w 0
Fatty acyl-CoA synthétase | Glutamine synthetase | Carbamoyl phosphate
' synthetase

(@ | () (1) (i1)
(b) | (ii) (i)
© (i) C(r)) () )
(d) [T (i) T
(® | ® (i) 1)
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13. The following compounds would be formed from the transamination of which two compounds?

o 7 O I\, O
D Ha Hy | \g i
O—QC—C —C —C—C—O H—C—C—0O

i
s “oc k7, W2 glycie

( a alpﬁa—ketoglutarate and glycingy
e

c. oxaloacetate and alanine
d. alpha-ketoglutarate and alanine
e. alpha-ketoglutarate and serine

14. Conversion of glutamate to glutamine is catalyzed by a:

a. transaminase g /ﬁiﬂ & /f}ﬂﬂ—}fﬂ Iz

c. synthetase —
d. dehydrogenase :

€. mutase

15. Shown below are intermediates formed in the{Second half of¥a transamination reaction that will
result in formation of an amino acid. What is the correct 0¥derin which these compounds are
formed, from first to last? ’
\Va _P""
Q

RGO

ﬂz«- HN}&,TH

/
H-CH

a. (), (i) , GV
b. (i) , () , (iii) , (iv)

1iii) , (i1) , (iv) , (1)
i) ), (v) , (i)
e. (i) , (iv) , (), (ii)

16. Under normal physiological;conditions, amino groups are transferred from extrahepatic tissue to
the liver in the formof €34/ A . Under conditions of physiological stres;i(;. . strenuous
exercise) the amino groups might be transferred additionally in the form of y é‘% £
a. glutamate; alanine '
b. alanine; glutamate
- glutamine; alanine
d. glutamine; glutamate
e. glutamate; aspartate




Name

17. Which of the following processes does NOT involve oxidation and/or reduction of substrate

molecule(s)? y

) (i) Transamination of aspartate and alpha-ketoglutarate — ﬂ; M
@onversion of glutamate to glutamine = N2 g ms«yt

Ti1) Deamination of glutamate to alpha-ketoglutarate — & owolm’km
((@DAmination of bicarbonate to carbamoyl phosphate ny gy j@%f’@

a. (i) and (iii)
b. (1) and (iv)
c. (ii) and (iii)
d. (D), (ii), and (iv)

@ii) and (iv) | .
w@m

18. The first oxidized intermediate o 0 iswf“zg ;
in the reaction catalyzed by . I i Q Tl) T ﬁ
glutamate dehydrogenase will have O0—C—CH~CH-C—C—0" -o—C—CHz—CHz—clz—C—O
- which structure? \
(@)™ (o) ©NH2
SR
'O—CH:—CHz—CHz‘CI?""C—O' 'O—-C-—CHZ—CHg—ﬁ—C—O'
o)
© Ny (d)
0
I 9

®
NH3

(e)

: 2 I I
'O—C—CHZ—CHZ—(IJ—C—O‘ -~ ‘O—C—CHZ-CHZ—(|J=C——O'

®
NH3

19. What nitrogenous compounds directly enter the Urea cycle and donate their amino groups for

urea synthesis?

a.twoammonias
~carbamoyl phosphate, aspartat:

c. ammonia, glutamate

d. carbamoyl phosphate, glutamate

€. ammonia, aspartate

20. Of the following lists, which contains compounds that are ALL involved in the coupling of the

citric acid and urea cycles?
a. fumarate, malate, py e, al@é{e, aspartate
b. fumarate, sugetfiate, malate, glutamate, alpha-ketoglutarate
suctipate, malate, oxaloacetate, glutamate, aspartate
“? inarate, malate, oxaloacetate, glutamate, aspartate
e. suWe, malate, oxaloacetate, pﬁw@ﬁa, aspartate
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21. What is the correct order for metabolites that are used in the activated methyl cycle (the cyclic
pathway that allows methyl groups to be transferred to acceptors such as uracil). The abbreviations
used are: SAM, S-adenosylmethionine; SAH, S-adenosylhomocysteine; THF, tetrahydrofolate; HC,
homocysteine

(8 PPNRY
a. SAM, SAH, Met, HC mg-ﬁ——q SHM lﬁ S H,(-'

b. Met, SAHLSAM, HC y
N Y 3 W "Cl/

Q;?et, SAM, SAH, HC ) ety
~SAM, Met, SAH, HC.

e. SAH, Met, SAM, HC - S m,</ e
| THE cITHE

22. An amino acid whose carbon skeleton is catabolized to acetoacetyl-CoA is ke Ui)
and an amino acid whose carbon skeleton is catabolized to is succinyl-CoA _ gluco(ii)
a. (i) glucogenic; (ii) glucogenic !

b. (i) glucogenic; (ii) ketogenic

1) ketogenic; (ii) glucogenic
d. (i) ketogenic; (ii) ketogenic

23. Which of the following reactions NEVER occurs during the mitochondrial Q cycle?
a. QH; reduces an FeS cluster oK

b. QH- reduces a protein bound cytochrome Q&

c. QH- is reduced by using a protein bound cytochrome as € donor U I

d,.Q is reduced by using a protein bound cytochrome as ¢ donor

1\' “) QH' reduces aSRERERETen So/uéuf cu@ﬁa”éw"\f“ nene C

24. C1 units for biosynthetic reactions in mammals are primarily derived from which amino acid?
a. alanine

b. glutamate

¢. aspartate

\‘7 | 75 Which statement is correct about the reaction catalyzed by complex I of the electron transfer
chain? _ :
a. electrons are transferred in the form of a hydride ion directly from NADH to Coenzyme Q '
b. electrons are transferred in the form of a hydride ion from NADH to FMN and then as a hydride

to Coenzyme Q )
¢. electrons are initially transferred in the form of hydride ions from NADH to FeS cluster(s), which

then transfer the electrons as single electrons to coenzyme Q
éelectro‘ns are initially transferred in the form of hydride ions from NADH to FMN, and ther9
( Zansferred as single electrons from FMN to FeS-cluster(s) and then coenzyme Q

e. electrons are initially transferred in the form of hydride ions from NADH to iron-sulfur cluster(s),
and then transferred as single electrons from FeS cluster(s) to FMN and then coenzyme Q
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26. Correctly assign the oxidation states for the C1 groups being carried by the following molecules

% ) ]
CH3 I )
C—NH—C —CH,—CO0O" o

®
[
o | I Ha | \>
N C—NH—C —CH;—CO00O" CHy .
[ I N N

H
HoN N N
-~ _N
H” !il CHy o
9 Ha
° gy l | Hz “ZC\ L opcoo
HN C—NH—C —CH;—C00"

(v) (vi)
6)) (i1) (iii) @iv) | (v)_ (vi)

(a) 0 +3 +4 0 +3 +2
(b) -2 +3 +2 -3 +2 0
(©) -2 +3 |43 -2 +4 -2
@ D H D D/ ©
(e) -2 +3 +2 -2 +4 -2

27. What.is.the-propesname-for-compleX II of the mitochondrial electron transfer chain?
“a. succinate: ubiquinone oxidoreductase.

- succinate: FAD oxidoreductase

c. fumarate: FADH, oxidoreductase

d. succinate: NAD™ oxidoreductase

e. succinate: O, oxidoreductase

28. Based on your knowledge of the reaction catalyzed by complex IV of the respiratory chain,
which of the following is the best properly balanced “proton inventory” equation to describe what
reaction complex IV catalyzes?

a. 4CytCreq + O +6HIN = 4CyiCoxt 2H20 + 2H™p HY prﬁ
“b ACyICreg + Op +8H*N - 4CytCox +2HpO + 4Hp v ) r "
c. 2CytCrag + Op +4HY > 2CytCox +HoO + 4H*p of T gy

d.4CytCreq + Oz +4H™N > 4CytCox +2H20O" Oy o B = Z//? s,
e.2CytCreq + 202 +8H*N > 2CytCox +2Hp0+ 4H™p

9
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B 29. How many protons are pumped per electron pair transferred to molecular oxygen for electron
pairs derived from the reactions catalyzed by the following enzymes?

Succinate pyruvate Fatty acyl-CoA B-hydroxyacyl-CoA
dehydrogenase dehydrogenase dehydrogenase dehydrogenase
(a) 6 9 9 6
(b) 6 10 10 6
Q) |HELE (6 ) ), [y 10 miy 6 ) At iz 10
() 4 - 8 8 T 4
(e) 10 10 6 6

4

e. None of the above can cross the inner mitochondrial membrane; the metabolite pools are
completely isolated.

31. Which of the following events occur in the mitochondrial matrix in the reactions of the malate-
agpartate shuttle? _
@xidation of malate to OAA V
(if) reduction of OAA to malate N}
fit)transamination of glutamate and OAA Y
iv) transamination of alpha-ketoglutarate and aspartate N
(v) import of alpha-ketoglutarate and export of glutamate N
port of malate and export of alpha-ketoglutarate y
vii) import of aspartate and export of glutamate
@nport of glutamate and export of aspartate ‘f

a. (1), (iv), (vi), (viii)
b. (ii), (iii), (vi), (vii)
c. (@), (iv), (v), (viii)
<d_Q;L (iv), (v), (vii)
e."D); (L), (v1), (vill ,
(7D, (v1), (viil> {r)ﬁw
32. The ATP synthase consists of two corgpone, s: Fi,which is a(n) 6))
protein complex and whose function is _@“(I1)7*“" and F,, which is a(n) £k
| A% »* membrane protein complex and whose function is (iv) T e
a. (1) integral (ii) proton movement (1i1) peripheral (iv) ATP synthesis
b. (i) integral (ii) ATP synthesis (iii) peripheral (iv) proton movement
(iv) proton movement

C.\) peripheral (i1) ATP synthesis - (i11) integral
- (1) peripheral (ii) proton movement (iii) integral - (iv) ATP synthesis

membrane
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33. The following is a representation of the portions of the mitochondrion important in metabolism,
respiration and oxidative phosphorylation. In which locations will the following components of
these processes reside for proper catalysis to occur?

8

Innermembrane
space

§§§§§§§§§§§§§§@§§§§§ (V)

456

(i

)

Cytochrome

PN

NADH | ATP and | ubiquinone Succinate Pyruvate adenine
N (() ADI% ) : (Q L) C {Z ¢ C) del?édijgenase trafszE ase ;1:1:11;?)‘2;1: g f-/
(@) @) @) (1) (iit) (ii)” iy (i)
(6) | (iii) @) (i) (1) (ii) (iv) (iv)
(© | @) @ (ii) (iii) (i) (iv) @iv)
(d | () (iii) (i) (1) ) (i1) (i)
(e) | (iii) ) (ii) (iii) (ii) (iv) (iv)

34. What effects will the following compounds have on the rate of ATP synthesis (no effect, slow
down, stop completely) after several minutes exposure to isolated mitochondria oxidizing
succinate? Compare each set of choices before choosing the best available answer.

(i) a protonophore S-//m
(ii) a potassium ionophore

fleos

(iii) rotenone (an inhibitor of complex I) /4
(iv) cyanide (inhibitor of complex IV)

O et
=,

|
%

_ (i) protonophore | (ii) K* ionophore | (iii) rotenone (iv) cyanide
(a) slow down stop stop no effect
(b) slow down no effect no effect stop
(c) slow down stop stop stop
d stop slow down no effect | no effect
6) ) fop ([ slow downy { o effedt # stop)
( 7 . 7 — S

35. After you answer this question you are done with the new material section. So here is the
gg;stion. How are you feeling?
a.

reat, looking forward to the second half of the exam!

b.

c. Ii

this is a lot of information...

I

ove biochemistry!

d. Fcan’t wait to be done
e. do I get credit for marking any answer for this question?

11
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Y
COMPREHENSIVE SECTION (NE B~ Forn
36. You have an aquegus-0-250 M/s'glution f%@imo acid histidine at pH 6.25. What is the
concentration of the @Es,tidi/néfhat bears a net charge of “0”? Y. H- )”Zl
a.0.14M _ - - ,
b.0.11M - PH' /’/@* 4 ey A ; ~ . )0 )7+
c.00064M NL Py

= [ 79CHA)

- L 0Ar  LIHARHA RO M 0090
S " ppiroow

37. What are the values that belong at the indicated positions in the purification table shown below? :’0,/@
\Purification table for a new enzyme ‘

total total  ispecific % fold

rotein lactivity lactivi . .
1(Dmg) (units;y (units‘gng) [recovery purification

stepof - volume
purification  (ml)

lysate {1000 20,000 150005 o7 | | G 5
sulfate 100 16,000 110,000/ (i),
precipitation : iy

lion exchange 200  |1,000 8,000
lgel filtration 25 ?;2001\ 14,000

A \__,:::»
() (if)
@ | 1) S
(b) 10 20
(© 1.7 5.0
(d) 10 53
(e) . 0.60 ' 20 -

38. You purify an enzyme from a crude bacterial lysate. The protein runs as a single band on
nondenaturmg polyacrylamide gel electrophoresis (PAGE) and as three distinct bands on SDS-
PAGE. The sizes of the three protein bands on SDS-PAGE are 70,000, 50,000 and 10,000, and the
staining intensities of the proteins indicate they are present in a stmgmomemtm@?
respectively. Your protein elutes fro from.- -a-siz& &xclusion (gel permeation) column with parent
molecular weight of 1,140, OOO“The quaternary structure of your protein is what (recall o is largest

sub@t, y the smallest)y” 7 OV :S . 50 XY /1O Y7 ° 3'%/[) o
L1900 3

(6¢< 292976 > | | '
e. agPeys CO(S &3 zl\) X Z - O( 7 ]3 4 B’é 3 %C"}"

12
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39. Which bonds correctly correspond to the phi, psi and peptide bonds of a polypeptide chain?
phi psi peptide

(@) C yl)'N Co-N_ Co=C(carbonyl)

(b) CeN) I Cor Crearvom >y LCoearvomi

() Cearbony)-N o~ Cloarbonyl Co-N

(d Co-N C(carbonyl)'N Co~ Cearbonyl)

(e) Ca-N C(carbonyl)‘I\I Ca- C(R)

40. For the two graphs shown below, the solid lines represent the oxygen dissociation curves

observed for hemoglobin under a certain set of conditions, while the dashed lines represent the
dissociation curves observed after changing a parameter. Which parameter change will give the
indicated dissociation curve?

(O]

M 5&,{#@&?@) |

(ii)/'

s’/\‘m’ﬁ'éé} Blvl’ﬂl . ([c)

(increase [CO) decrease pH decrease [DPG]
(a) (i) — €)) (O )
(b) (i) ) (i) 9
©). . @ (i) 6] 1
@) 6 () (i) -
© (i) ) @ I oy e

+ /:;

41. For the amino acid aspartgte, the presence of a fixed negative charge in close proximity to the sidEIALC) f 9
chain ionizable group will ____ (i) the pKa of the side chain. For the amino acid histidine, the 5 i
presence of a fixed positive charge in close proximity to the side chain ionizable group will rewdvt

. (_,ii) the pKz'i"of the imidazole ring. < // . Sul ,;\fif
a. (1) inc ; - (i) increase ' )J\_ o= <..,._'j JEE
b@; i) decrease !AJ f /
c. (1) decrease; (i1) increase '

X \"?;:i;i Nu WL /A@ugn& ol 2V y
so Sy len

42. Kinetic analysis of a homodimeric enzyme of 150,000 molecular weight (that is the Mr of the

dimer) catalyzing conversion of substrate S to product P provides the following kinetic constants:

Vmax = 1000 units when 1 mg of enzyme is assayed. Assume each subunit contains an active site;
i.e. there are two active sites per dimer. Calculate the turnover number for this enzyme on the basis

i:;ﬁﬁc units (i.e. per active site).
C 21,2505 '
- ) goD) il gt

d. (i) decrease; -(ii) decrease

Jmon

5,000 5" v 605
4. 18.000 & peitoe Ma g )
e. 9,000 s ~

13
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43. Match the following levels of protein structure with the appropriate partner.

i.

A regular, recurring arran%ement in space of adjacent amino acid residues in a
polypeptide chain

ii.

spatial relationship between all amino acids in polypeptide; the 3-D structure of the
polypeptide

iil.

s

A simple combination of a few 2° elements with a specific geometric arrangement 7

iv.  apolypeptide chain or part of g polypeptide chain that can independently fold into a
stable tertiary structure Omta
@ (i) (iii) (iv)

(a) Secondary Domain Motif tertiary

(b) Motif tertiary Domain Domain

(c) Secondary Motif tertiary Domain

(d) Motif quaternary tertiary Secondary
;: (e ) &Secondaly Tertiary A Motify (Domdin }

44. In an alpha helix, an intrachain hydrogen bond is formed between residue n and residue

__()__;in athree-stranded beta sheet, how many hydrogen bonds are formed, on average, per
amino acid residue on each outer strand (i) ?
€)) (i)
(a) n+3
(b) T+ K
(c) n 1
()] n+3 2
(e) n+4 2

45. Algebraically solve the Michaelis-Menten equation for [S] to answer the following question:
what concentration of substrate gives an initial rate of 1200 units for an enzyme that exhibits a Viyax

of 5000 units and a K, of 2 mM?
U Vs 5] Yelen+ ULST = Unarl)
a. 0.48 mM
c. 024 M ‘km ESJ (’Vmux ’VfS} Urbm
d. 0.76 mM :
e. 0.52 mM 3] 7/ km
. ot =)
46. For the hydrolysis of an ester involving the formation of a tetrahedral intermediate, a metal ion
would facilitate the formation of the intermediate via charge ) . For the hydrolysis of p
-ATP, the initial attack of water on the phosphorus of ATP would be facilitated by charge e
(i) . e
an(i) s ing; (ii) stabilization

(i stabilizatial
C. (1) shielding; (i1) shielding
d. (i) stabilization; (ii) stabilization

1) shlel'd'mg

Sotp-11D

-
S
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47. The following graph shows a Lineweaver-Burke ( 1/v vs. 1/[S] ) plot (indicated by an arrow) for
an enzymatic reaction transforming substrate S to product P. Which line represents the effect of a
reversible inhibitor present at a concentration that would decrease the apparent Vs by 2-fold while
decreasing the apparent K, by 2-fold.

C

1 ((unitsfmg) ')

¢ 05 su = / <
48. 10. Which of the followmg are correct-statements -about Schiff base formatlon and function 'E m=2
during catalysis T —
(i) creates an electrophilic center 7

(ii) creates a nucleophilic-center F~

(ii1) stabilizes carbanion formation /

(iv) stabilizes carbocation formation /&

(v) serves as a general acid/base

(vi) resonance stabilization of a reaction intermediate 7~

a. (ii), (iv) and (v)

b. (i), (ix).and (vi
1), (iii) and (vi)
(||) (i), and (iv)

e. (iii), (v) and (vi)
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49. The following is a substrate or intermediate formed during chymotrypsin-catalyzed polypeptide
hydrolysis. The transformation of this compound to the next intermediate or product will involve:

,’?'
N Crosers
T
[ omHg

Ri

a. general base catalysis

. general acid catalysis
¢. metal 10 alyst

d. nucleophilic attack using an amino acid side chain as the nucleophile 6
e. nucleophilic attack using water as the nucleophile

P

50. What is the structure of beta-D-gulopyranose, given that D-gulose is a C-3 epimef of D-
galactose, and D-galactose is a C-4 epimer of D-glucose. J

CH,OH CH>OH CH,OH CH,OH CH,OH
o OH o OH OH o OH OH o OH OH O OH
OH O \ O
OH OH OH
(b) : (e)

51. What sugar linkages and repeating units are present in the following polysaccharides?
Abbreviations: Glc = glucose; NAG = N-acetylglucosamine; NAM = N-acetylmuramic acid;
(D) cellulose (3 /¢

(D) glycogen o}, U & ol !, d )

(IIT) peptidoglycan ﬂ N2 Nﬁm VAL

(IV) chitin ﬁ e !Uf 4,

@ dan (1) av) .
(@ |o-(1,4-D-Glc - |B-(1,4)-and B- B-(1,4)-D-NAG B-(1,4)-D-NAM-D-
(1,6)- D-Glc ' NAG
(®) | B-(1,4)-D-Gle a-(1,4)- and a- B-(1,4)-D-NAG B-(1,4)-D-NAM-D-
. (1,6)- D-Gle I NAG TS
© [BOHDGk  al(lA): e 7 | B-(1.4)-D-NAVED. | B-(1.4)-D-NA
e <.,Q 6)- D-Gle N} SUNAG e e /}
(@ | a~(1,4)-D-Gle B-(1,4)- and B- B-(1,4)-D-NAM-D- | B-(1,4)-D-NAG
(1,6)- D-Gle NAG
(& | B~(1,4)- and B- a-(1,4)- and o- B-(1,4)-D-NAG B-(1,4)-D-NAM-D-
(1,6)- D-Glc (1,6)- D-Gle NAG
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52. Which of the following is not a correct statement of Chargaff’s rules?

a. DNA base composition differs from one species to another

b. DNA base composition is identical in different individuals and different tissues of same species

c. DNA base composition does not change with age, nutritional status, or changing environment
@"l he sum of A + T equals the sum of G + C for all samples of DNA /=

e. All of the above statements are correct ,

53. For the Watson-Crick base pair shown below, the base shown to the leftisa (1)
the minor groove is on the (ii) face. P 4,{,“{
Paps

N\< \\ N |
Su/gar Y —=N Suga\r

bottom
a, (i), purine ; (ii) bottom
’b. Yi), pyrimidine ; (ii) bottom
(1), purine ; (ii) top
d. (i), pyrimidine ; (ii) top

54.In Watson—Cnck DNA, the base orientation is ﬁ/\% ' , the sugar pucker is
£ on eridpand the two strands are 4 Ah 7/ '

a. anti; C2’ exo; antiparallel o

b. syn:-G2>endos.antiparallel

c. anti; C2’ endo; annparall"‘lj

d. anti;C2exorparallel™"

e. syn; C2’ exo; antiparallel

55. Qrder the following fatty acids from lowest to highest melting pomt
f S '

- (i) Linoleic acid .
gg)%rllgilfﬁijmd e bl ‘3:90‘*"\ ds lavegd

(iv) Stearic acid ..
te £ ¢ < e v
a. (i) > (ii) > (iii) > (iv) .
b. (iil) > (i) > =)= (ii)
@) >({1)> (mﬁﬁb
d )>(0n)>(0) > (1)
e. (iv) > (i) > (1) > (iii)
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56. When relatively large concentrations of fatty acids are placed in solution they form structures
called () . When relatively large concentrations of phospholipids are placed in
solution they form structures called (i)

a. (i) liposomes; (ii) liposomes

b. (i) micelles (ii) micelles

c. (1) lip osomes (11) micelles

57. In which direction are CI", and HCOj5 transported for the chloride-bicarbonate exchanger when
red blood cells are in the following tissues, and in what direction does carbonic anhydrase (CA)
operate within the cell?

{1} in srythrooyie {ii} in envthrocyis

inbipad vessels inbloodvessels

inthe lung ' inmuscletlissus
S () (i1)

/(@ |[JHCO;5 goesin, CI goes-out, | HCOs goes out, CI” goes in, CA
\—] CA converts HCO3 to COZ=Eonverts C02 to HCO3 - - —
(b) | HCOj™ goes out , Clsgoes in,~ HCO3goes in , Cl” goes out CA
CA converts CO, to HCO3™ | converts HCO3 to CO,
(c) | HCO;3 goes in ,Cl" goes out, | HCO3s-goes-out ;- CL goes in, CA
CA converts’'CO, t6 HCO3™ converts HCO3 to COy ™ -+

(d) | HCOs goes out, Cl'gbes in, | HCOy goes in, €l-goes out, CA
CA converts HCOs5 to C 0, | converts CO; to HCO3

(e) | HCOs-goes-in+Cl goes out, HCO3'_goeé out , CI" goes in, CA
" .| CA converts HCO3 to CO, converts HCO3' 10 COy

58. Order the followmg sequence of events properly for the Na'-K* ATPase-facilitated movement
of Na" and K ions from the FIRST to the LAST step. Place any two steps that logically occur
together in the same step.

(i) Phosphorylation of the transporter protein using a.phosphate group donated from ATI?;@
(i) phosphoryl group removal from the transporter %D

(iii) Binding of K™ ions * -

(iv) binding of Na+ 1on@

(v) release of K™ ions-.. /
(vi) release of Na* ions }/ V:,

(i) > (iv) > (vi) and (iii) > (ii) > (v)
b Jiv) > (i) > (vi) and (iii) > (ii) > (v)
S (i) > (iii) and (iv) > (i) > (v) and (vi)
d. (iv) > (i) > (1) > (i) > (v) and (vi)
e. (iii) and (iv) > (i) > (ii) > (v) and (vi)
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59. Which of the following is NOT one of the contributors to the large free energy observed for the
hydrolysis of ATP to ADP

a. Relief of electrostatic repulsion

b. Product ionization

@oduo‘[ hydrolysis
~Resonance stabilization

e. Product solvation

60. What is the general name for enzymes that catalyze the transfer of a phosphoryl group from one
position to another within the same molecule?

a. phosphatase

b. kinase

c. nucleotidyl transferase

hosphodiesterase
. Inutase

61. The following diagram depicts the initial step for which type of reaction?

H
(4
N
cI:/'
' H—C—0—H
B —*
R

a. aldol condensation
b. claisen condensation
<. aldo-Keto isomerizationD
d. tyveeation.
e. alcohol dehydrogenation

o

62. The reactions of glycolysis beginning with glucose and ending with pyruvate consume
___(i)_Z. ATP molecules, form (ii) ATP molecules via substrate level
phosphorylation, and form _(iii);Zﬂ NADH molecules.

a. (1) 2; (i) 2; (iii) 4

b. (i) 2; (ii) 4; (iii) 4

c. (1) 1; (ii) 2; (dii) 1

_4.@25(i) 2; ()2
e. () 2; (if) 4; i) Q
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63. Given the information in the table Below, calculate the free energy change for the transfer of a
phosphoryl group from 1,3-diphosphoglycerate to ADP to form ATP and 3-phosphoglycerate.

Standard free energies for hydrolysis of selected phosphoryl groups
Reaction (notnecessarily charge-balanced) AG™ (kJ/mol)
phosphoenolpyruvaie + H-O = pyruvate + P, -61.8
1,3-diphosphoglycerate + H,O - 3-phosphoglycerate + P, -483
ATP + H,0 = AMP + PP, 456
Phosphocreatine + H,O - creatine + P, 430
ADP + H,0 2 AMP + P, -32.8
ATP + H,O = ADP + P, -305
Glucose-1-phosphate + H,0O = glucose + P, -208
PP, +H,O0 > 2P, 192
Glucose-6-phosphate + H;0 - glucose + P, -13.8
Glycerol-3-phosphate + H,O = glycerol + P 82

‘::;;Tg%klg’% | L 30NG = 306HNC - yg)

b. F1:8-8-
P B ‘ﬁ‘d ”‘3 7}_‘}@3"
c. +79.8 kJ/mol ﬂ‘ /?Dﬁ 4 (179 . e éf 9

d. -79.8 kJ/mol b W

“64. For the reactions of glycolysis, a schiff base adduct is formed by the enzyme
@) , a thioester adduct is formed by the enzyme (ii) ' , and
a phosphoenzyme adduct is involved in the enzyme (ii1)
Abbreviations used: GAPDH, glyceraldehyde -3-phosphate dehydrogenase; TIM, triose phosphate
isomerase
a. (1) aldolase; (ii)) GAPDH; (iii) hexokinase
b. (i) TIM; (ii) GAPDH; (iii) phosphoglycerate mutase
c. (i) aldolase; (ii) TIM; (iii) hexokinase
d. (1) aldolase; (11) TIM;, (\1) enolase, er—
€. @iase (11’ GAPDH (111) phosﬁhoglycerate muta&e
o RN

"‘“KT(:‘.’-‘A&, oy

s

AT S

65. 12. The substrate level phosphorylation reactions in glycolysis use which high energy
compound(s) as the direct phosphoryl group donors in forming nucleoside triphosphates?
a acyl phosphate and phosphoguanidine
cyl phéhate xe’ﬁGI'p'H%phate
Pphosphate thioester

d enolphosphate and phosphoguanidine
e. alkyl , enolphosphate
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66. The following v vs. S plot would be observed for the enzyme __ (i) where the substrate
being varied is (i1)

=

=

©

S -

)

=

©

o

1 |
[substate] (mM

a. (i), hexokinase (i1), ATP
b. (i), pyruvate dehydrogenase (1), pyruvate
c. (i), phosphofructokinase (ii), fructose-6-phosphate
d. (i) hexokinase } , (1“%, glucose
e. (1}, phosphofructokinase /ﬂm(_g‘), ATP

67. Which carbon atoms of isocitrate (indicated by letters (a) through (f)) are released as CO; during
one turn of the citric acid cycle?

(@) (b)
H,C—COo0"

IS

oD

H

a. (a) and (b)
b. (b) and (d)
o) and (H
€ d.gd) and (f)
- two of (b), (d) or (f)

68. The transformation of the substrate shown at right in the citric acid cycle COO"
will be initiated by:

|
a. Abstraction of the C2 proton by a general base {i »HO—C \,%Hj
b. A};straction of the hydroxyl proton by a general base , §
€. Abstraction of a proton on C3 by a general base C
d. Hydride abstraction from C2 of malate §
e. Hydride abstraction from the hydroxyl of malate CcoO
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69. During the reaction catalyzed by pyruvate dehydrogenase, what will occur in the next step for
~ the intermediate shown below?

° 'wﬂ%ﬂ,Jﬁ
H SC \C‘(/KZ i ,“__v,,;,-,.«":"“’:‘ o e

f S—H
\ )/\,\A Eg
a. general base abstraction of a proton from the thiol of lipoamide
b. attack of the thiolate of deprotonated CoA on the thiol of lipoamide that is bound to the acetyl
group
. attack of the thiolate of deprotonated CoA on the free thiol of lipoamide
7 d. “attack of the thiolate of deprotonated CoA on the carbonyl C of the adduct

(- general base abstraction of a proton from the methyl group to form a resonance stabilized
carbanion

70. The transformation of the following substrate in the citric acid cycle will be initiated by:

OOC\\/

éi
H “coo

/7 @ucleophlllc attack of a hydroxide ion on C2 or C3
b General base abstraction of a proton from fumarate
c¢. Reduction of the C-C double bond
d. removal of one of the carboxyl groups
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