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Biochemistry 5700
Fall, 2003
Final Exam
December 10, 2003

INSTRUCTIONS:

Do not begin until 7:30 AM. The exam must be turned in by 9:20 AM. This exam contains two
sections: the “new material” section and the “comprehensive” section. Answer the “new material”
questions in the spaces provided. Answer the “comprehensive” questions by marking on the

scantron sheet using a #2 pencil. Turn in both the scantron and the entire exam when you are
finished. Good Luck!!

RT
Equations: AG = AG® +RT InQ AE =AE® ——F[nQ AG' = -nFE'
I
[A7]
H=pK_ +Io
1Y P5y g [HA]
Constants: F=965k)/Vemol R =8.3144 J/mol+K

Properties and Conventions Associated with the Standard Amino Acids

pk, values
. Abbrevisted pK, piG (1,
Amino acid namos M, (—COOM) {(—NHj) {R group)
Neonpolar, aliphatic
R groups
Glycina Gly G 75 2.31 .00
Alanuire Ala A RO 2.34 .59
Valiee Val o v 117 2.3% G462
terering L2 L 131 2.36 9.60
Iszleucine e | 131 2.36 9.68
Methuonne Met M 149 2.28 G2t
Aromatic R groups
Pheoylatamne Pre F 165 1.8% 413
Tyrosne Ty Y 8.1 2.20 411 10.G¢
Trypiophan TR W 204 2.38 G.39
Polar, uncharged
R groups
Sezt g Ser 3 (5] 2.21 S.14
Pruling Pro P 115 1.99 10,98
Threomine Thr T 114 a1l 5.52
Cyslzing Cm 121 1.96 10.28 8.18
ASparszme Asn N 132 2.02 3.80
Glutaminz Glan @ 116 2.17 g.13
Positively charged
R groups
Lysune lys K 146 2.l B.25 153
Histidime Hs H Lbs 1.82 G.1/ 6.03
Arginine A R 174 2.17 G.04 12.48
Negatively charged
R proups
Asparlale Asp D 133 1.88 L.40 3.64%
Glslamalz Glu E 117 2.19 5457 1,25

‘A scale combining hydrophobicity and hydrophiliciiy of R groups; i can be used 1o measure the tandency of on amine acid to sesk an
agueous environment | watues) or o hydrophobic environment {1 vzlues). Sze Chapter 12, From Kyte. J. & Doslittle, R.F. {1282} . &cf,
Bl 157, 105-132.

Ywncage cecurrence i over 1159 proteans From Doolittle, R.F. {1959) Redundongies in prolein sequences. In Prediciion of Pretrin
Shuclurs ang e Praciples of Broten Confornaticn (Fasman. G.C.. ed) Plenum Press, NY, pp. 599-823.
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(1) (8 points) Write the net reactions catalyzed by each of the four electron transfer Jhain complexes
(comp. I-1V). (Please balance protons in the reactions.)

L. nAQH o+ HT + (0@ — At + QH,

ﬁ_‘ .SVCCMKJE'F COQ — _F(//‘V\arot"lf +- QHl
E QHL + 'ZC‘W'f[Co*vthe9 Q4+ 26"]'1[Cr.€cﬂ 4 ZH"L
1 Gt « Gt v O 2H, 0+ Y (44 oy

(2) (10 points) Write the balanced chemical equations (NO MECHANISMS) and name the enzymes
used for each of the following reactions of amino acid catabolism:

(a) glutamine hydrolysis ﬂ\ Ao minad 2
a}u‘/'umv( + H 20 S \C]/u‘?lcf{ma.',t’

(b) glutamine synthesis from glutamate 2 [ o rming S o /\'f‘%—e‘/‘d $€
o lotumeds + AT = potl? =2 glutameet Aope /i

(c) glutamate oxidation using NAD+ as electron acceptor
l lotamake + AN+ H O & ok z el [ otarefe 4 fUHg+
S ot ety o\b d e/\ Mc‘(

(d) transamination of pyruvate and glutamate ﬂ }\;}3( ma.b am "‘Uéfom Cfea 61

ﬂv;r\_)b'm:te + 6}'-/'/‘&“’\"‘%-/@ —= a/amM# o{—}f-e“fz)a u.T/‘M/aJ%G

—

{(e) carbamoyl phosphate synthesis
O C;

HCoy™ + 2 ATP Pyt oy wH D o po F2 A0+

vy
Cd*fvj'arv‘m-]_ g?ﬂofqrifi! S /\(Z'(Lé!.{,(’ 0
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(3) (7 points) Using the indicated letters and arrows, label the mitochondrion shown beloLw to
indicate the specific area or portion of the mitochondrion where the following events take place.

(a) portion of mitochondrion where protons are pumped during electron transfer

(b) site/location of 02 reduction

(c) site/location of NADH oxidation

(d) location of water soluble cytochrome c

(e) location of ubiquinone

(f) site/location of ATP synthesis

(g) location of citric acid cycle enzymes except succinate dehydrogenase

OQuter
membrane

(4) (6 points) The further oxidation of the NADH produced during glycolysis provides energy for
ATP synthesis. Explain why the yield of ATP from glycolytically-produced ATP is 2ATP/NADH in
muscle yet 3ATP/NADH in the liver.

(7*/‘050);@,(//1 J)q“?(ucg,(,/ /&.»47.7}'/ canncd CrolS
| NP m.‘fuc,}«ma‘wnﬁ neabrent | Towo Shttley o
vsed Wa/\%lw{ ALe rfo-’ucm? ?6uau¢£;¢c¢, Ao
Cuzl‘f?)d‘u/!d( C//u;(a/nq’hcafﬂw»/\m&l«c&f) /L)%H’J/—;L A To +€'2 &U%;
m o ch ondnm T + e Y] e Al o /Y\aQ,gU?:ﬁ - a_ﬁpmv‘
CTh Ho 4 o ped.  Tle et é’g, A NH ax Ao s
| AA Mﬂ%’m /MM 24 iy Han JYMJJ\O‘;C’-J /
e oy Lefr CondZuadfen
— ADAOH r—efwfwaj, _1"/\*”) Haoe 1) Com/
2 WA H. T A coniwyl oga He murels »e,J.pg, £rown
Cvfﬁ)fo)lc N)q"'O'H o #MJM ) 62 1A He inre
Pty presnliced Ui @/u,wg _S-phagriots DN, i 0,
O~ v ” & e X '—_
€I‘”\:j L-?_f‘:k.{?rr;n 4_/9/”-/-%% i’&/{.ﬁﬂ /l;’)/]d";t: /’/a::\// Tfm\yo:/e{' 7 U‘ﬁiﬁ‘dﬂr/ﬂ /J;;L')-ﬁ],um/

—r
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(5) (10 points) Fatty acyl-CoA synthetase catalyzes the following reaction, which éroceeds through
an acyl-AMP intermediate:

O O

R—C—O- + HSCoA + ATP > R—C—SCoA +AMP + PPi

(a) (7 pts) Diagram the complete catalytic mechanism for this reaction.

(b} (3 pts) Rather than occurring as shown, this reaction might be expected to proceed through
an acyl-phosphate intermediate, producing ADP and Pi as products. Explain in
thermodoynamic terms why AMP and PPi are formed instead.

‘ ©
N (i}j 3 /_N\\’Q;_ o’ A()\M\Oflr’\-e_,
H-c =07 e

O
O ?, /O b
,O_}ﬁ AN
=0
O L U
CD I _O’f-_ R
ﬂ-‘é[g“ {LO.AJQ,,W,{ + e »
Q O
05\(0}5)

O
ﬂ‘“,C',‘*S—Copr + /’qm/)
—C ro (,_;"’A

b) The rernond g e pvdeed 1y phegthats
bV, I O/ja/y‘]l(_ ﬂtqru//.'}fo}-/ﬂ%a’ﬁgif SA'/’/f 7L(»<
pgu«.r/’ L/u.,m . He rvn 7L'LC f“'WJ ;’Vu\nc»fv\?
d/!y!f\«:? “{Cu/c,,e ‘7&0/ Fu#v] Qu/[f (uﬂ J‘L_,mﬂulffj
n dos Q,Q,Qﬁur’cf comd e
FA 4 Cohs AT S FA-CH+ AMPIPI)

o o1 7
Skt pg."Lon 20

o m——
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(6) 14 points.

(a) (6 points) Draw the structures and name the three compounds collectively referred to as “ketone
bodies.

(b) (8 points) What is the purpose of ketone body formation and breakdown in mammals? In
answering your question, explain where ketone bodies are produced, where they are ultimately
metabolized, and how they get from the site of production to the site-of consumptlon

e o e o G
o) T T O T L Lo SN
A cef ce‘f'f/i? )
S T IR
\ _w_h__( )
/'g c ~c |- ™
Tl a et
b) Lo hon (avboz\.—?d«ﬂ:( eSe,ot; arf /UWL ke\%w;
bodeg A re NM ﬁrovv\jau* YA adr/mcu?_g
+ oFle

o ’97‘7’10/7‘&0 cn e blood Shtam
‘IL’L{.LE':(\\ W%V vV 3L asr om anae/lojﬂ

NESV

/MusScle Iora”"j Le””’b

ef e

A ¢ e~tov— IS ﬁu: n—&uo f AN 4{.(
[)uxmmeeouj QLoc'w)O%«]/OUlVV! Oﬁ dCCﬁJlebkit Gt J71

CA *7'07({(_/ NoA- dffr—&(,g COM/W\.//\J
Achc*"—‘} A Cofvve —f-(()l
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(7) (10 points) Starting with the alanine-PLP adduct shown below, diagram the necessary

mechanistic steps required to convert this intermediate to pyridoxamine and pyruvate. Show all
intermediates, important resonance structures, and general acids/bases in the mechanism

0] 0 O
\/ I I \
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(8) (10 points) You have just eaten a big juicy, fatty hamburger. Explain (feel free té‘) diagram) how
the portion of the hamburger that is fat eventuaily arrives in your muscle cell (i.e., what is the
biochemical/molecular path from intestine to muscle?

. ,,H(pjﬁﬂaﬂ /,/JIJLM ﬂtbnfd«de 7746:—-9 ‘[{“mﬁﬁ ac,.ra/f '7“7/%%@
- Fls a-e ~+aLon " L)t-’ Jaleshadd  mucusu € ellf
. Fhr at e estaled +o  TAGr

- TAéS arfd J11c or;norc{JLJ f~/ Chulasfert & /4/0% / ‘;
//\'}_U CAD’}OM’C/'UV’I/ _f‘urf?,._md.gﬂ b\,, A //xor;/?/w/z/lrr/ ‘é‘ 07-9
C_}“’)}UMJW/] Are é’y}ﬂaf-lﬂcﬁ S /“1 nfld Lloed s lcam

t ),/ofﬂ/o,l,w-,/\jfﬂﬂg/ﬂ A é/aoaf SHheom Ab’a{'{"é‘ld"t
’TF)[)J« " CL-‘/amtcmmf relen Fﬁni) 'pthQ FAF

o fudh ek s Arumperked ko ourcle call,
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COMPREHENSIVE SECTION 3 points per problem. Mark answers on scantron

(1) You have an aqueous 0.10 M solution of the amino acid histidine at pH 6.4. Determine the

concentration of the protonated form of histidine in this solutl/on
C(a 0.028 M) Lo + - A~ Y
(a) ol pH = /> “ 03 g_c,/ 5.0+ /aj__ﬂ /f?’/;ﬂ a

/’—-—(
(c) 0.060 M P GO0 Wh=00
(d) 0.072 M Gy /4‘ nga—) A +ik= 0.0, 3;!2# /&_/
(e) 0.090 M T4

(3) During the purification of a protein, you start with a crude extract (lysatecj %brﬁgﬁfﬁylg 80,000
units of enzyme activity and‘g000 mg of protein. Your final purified enzyme preparation contains
5,000 units of activity and 12 mg of protein. What is the fold-purification of your purified enzyme?

(a) 0.0625 <A )
Aerude = F0,000 UL ray :
(b) 16 oooma” /my old Sf,ful
Ee)412’? ShApure = So00U s s
f2my 4 Pold = 12727

(4) Referring to question (3), given that your protein is a monomer with a turnover number of 2&0%

what is the molecular weight of your protein? N
(a) 28, 800 7 oooumml
OF; /oo /mq prote: —

_L il <74 M,:,S/}

/) a
125 000

% 1,730,000/ me dI6F U (/ /%‘WM)
(e) 8,330,000 - Q% 797 2 (2%,g02

(5) Given that the line indicated by the arrow corresponds to the normal hemoglobin O, dissociation
curve at pH 7.6, which line(s) might represent the result of decreasing the pH to 7.07?

... — dGCr(ag:fﬁrl Hosacrea
H I . ' (a) line (i) only
v (b) either line (i), (ii), or (iif) Ch [ s ‘f +
(c) either line (ii) or (iii) only Cuwrwve 7
@16 (iv) only riard oa
0 T foen 1
SHud.d, ] of
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(6) For the kinetic mechanism shown below:
k 1 k 2 k 3

E + S=——ES—EP=—E + P
K.1 ko K3

If you were to draw the reaction coordinate diagram for this enzyme-catalyzed reaction, how many

peaks would be present between S and P?

@ 1
(b) 2

1

{d

(7) Rotation about the bond between which two atoms in a polypeptide chain defines the bond angle
phi?

(a) R- Ca

(b) N'Ca

(C) C(carbonyl)'cu

(d) c(carbonyl)'N

(8) Which amino acidf would be most likely to form a salt bridge with Asp at pH 77
o
L)

6

S : _
(¢) Glu re ~Z-0 ’@

(9) What type of motif is most likely to aillow two adjacent alpha helices to be largely parallel (not
anti-parallel) to each other?

(a) globin fold perpendic o o ;
dﬁ) alpha—beta@—_ f)a\/o\M-"- / /
c x=turnchelix — Qi pocafle /
(d) betabend — A+, /,WWUJIQ

(10) Given that the line indicated by the arrow is the v vs. S plot for an allosteric enzyme, which

line(s) might represent the result of adding a positive heterotropic modulator to the enzyme?
Cs A4 *7‘?)(-! —~ A //U¢¢07

(a) line (1) only

Hi ~ . (b) either line (ii), (iii), or (iv)
v ¢)’etther iine (11) or (1ii)on
(d) ine (iv

(e) either line (i) or (1) only

[substrate]
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(11) What type(s) of carbohydrate linkage(s) are present in glycogen?
(a) o (1->4) only
(b) B (124) only
clao 126
(d) B(12>4)and B (1-26)

[

(12) How many stereoisomers are possible for the family of D-aldoses with five carbon atoms?

(a
@?
©

(d) /&
(13) What is the best name for the compound shown below?
8]
&NH
0
O
o

&
4] O-

¢il 3’-monophosphate

(c) cytosine 3’-monophosphate
(d) cytidine 3’-monophosphate

O

E—JJ

!

Co

1

2%=9

Cof
Cl_.——(_; 1+

-

) UFidifie 3°-monophosphate )

|
Qilo I+

(e) thymidine 3’-monophosphate

(14) In aqueous solutions, large concentrations of fatty acids associate to form structures called
called micelles | large concentrations of sphingolipids associate to form structures cailed

hagluetS , and large concentrations of glycerophospholipids associate to form structures called

I pgramef .
(a) micelles, micelles, liposomes
(b) liposomes, micelles, micelles
(c) micelles, liposomes, micelles
dy micelles, liposomes, liposamed
(e) micelles, liposomes, micelles

(15) Referring to the mechanistic scheme shown below, which step(s) require general base

catalysis, while which steps require creneral acid catalysis?

Gen. acid steps

(), (iii)
(i), (iii)
(iii), (iv)
(1), (i)

H 119. )ﬁ‘/ 0 H
-~
Y\ u.fx Gen. base steps
o Ser.E @ (), (ii)
HO-Ser-E IR 0
L 3 () | (). ()
e o ("* )\( © |6,
H é-—O-Ser-E H WD‘ (d) (1)’ (11)
T s 19'!)56 /NYC\O st (e) | (), (iv)
)| e S
H |c|> H |c|)
) N
\FL/ HO-Ser-E \L/ I:JO-Ser-E
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(16) Which polysaccharide 1s most likely to be a structural polysaccharide in maInlels?
(2) glycogen Sk, ant
) glycosaminoglycan ) mami+ v
(c) chitin  jave “ade ]
(d) cellulose 1 Jants
(e) peptidoglycan  1on eer A

(17) The reaction of the side chain of lysine with CO, would produce what type of compound?

(a) Schiff base C)
b) esie

(c) carbamate ﬂ */UP/ f Cey = /L —PIH - c. o

toeter Cﬁ‘/zﬂw’&h

(18) The sodium-potassium ATPase represents what type of transporter‘?
a) primary active, antipo . -
(b) primary active, symport mp

(c) passive, antiport

(d) passive, symport
{(e) secondary active, symport

PO+ 'i

(19) For which of the following enzymes is a cis-ene-diolate an important intermediate in the
reaction?
{(a) alcohol dehydrogenase n ¢ “
(b) citrate synthase A0 CH 3 OU
(c) aldolase uses S h M base -
((d) Trigsephosphate isomerase . tafe-s nedeote 13 au®

(e) enolase A ¢ J]

(20) Which of the following reactions of glycolysis results in the formation of a high energy
compound? O

(a) aldolase A () Lo-

(b) phosphoglycerate mutase 1 ¢ 0

(c) phosphohexose isomerase N __J - L7
G gm0 @ P2/

ol
-C—g/tL
4 A
{4

(21) Which of the following enzymes forms a Schiff base intermediate during catalysis?
(a) enolase
(b) citrate synthase
¢y aldolase
(dytricSephosphate isomerase
(e) both (b) and (¢)
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(22) In the hormonal activation of glycogen breakdown protem kinase is actwb&e/d by _cAm,a o iy

while phosphorylase kinase 1s activated by _pA ¢ ’1{ w!ow Cou Mo
(a) allostery, allostery
by allostery covalent modifcation—,
(c) covalent modification, allostery
(d) covalent modification, covalent modification

{23) How many of the reactions of glycolysis and the citric acid cycle result in substrate level
phosphorylation to form a nucleoside triphosphate?
(a) 2

}) ”7/"0‘.";”'4:/6’,/&7&4%;&? ornale

%3%‘2 g oo i
@ sl (ol Sqntdelo

(24) Some chemoautotrophic bacteria gain all their energy from the oxidation of nitrite to nitrate (a
two electron process). In theory at least (biochemical standard state conditions), the free energy
provided by the oxidation of one mol nitrite in the presence of O; is sufficient to form how many
mols of ATP?.

(E ®'=+0.421 V for the NO;/NO; couple, E *=+0.816 V for the O»/H,0 couple, AG *' = -30.5
kJ/mol for ATP hydrolysis)

(a) 0.83 NG~ —o NG+ ZeT sel=—o.ve/

(b) 1.2 B

(0)25 de * /& O, —7  H, 0 Jele FOEEY
3.9 -

(e)78 so'= O.39§Vv

NG T NS ‘(z}(%f’fﬁd; y

+6.2 k] / _mel
motnn” ) S0SK) oo 47/ =2, AT 100
(25) Which of the following organig, / factors is d to stabilize a carbanion formed durmo
catalysis?  .—
a thiamine rophos
(b) biotin
(c) lipoamide
(d) NAD™
{e) cofactors are never used to stabilize carbanions

v.3ary V="
(3J’V Zé

Pt




