NANME

FINAL EXAM l. /245
Decenber 19, 1998
Bi ochem stry | . / 50
Bl / CH421, BI 601, BI/CH621
M. / 32
I V. / 73
TOTAL /400

MULTIPLE CHOICE (245 points)

Choose the BEST answer to the question by circling the appropriate letter
Questions 1-17 are worth 10 points each (170 pts.) and questions 18-32 are
worth 5 points each (75 pts.).

1

An enzyne reaction to be studied at pH 4.0 can best be carried out

using a buffer solution nade fromwhich of the follow ng acids, and
their conjugate bases, with Ky val ues as shown? (Assunme that there is no
direct interaction between the buffer nolecule and the enzyne to be
studi ed.)

Acid Ka
A, Phosphoric acid 7.3 x 10°3
B. Lactic acid 1.4 x 104
C. Acetic acid 1.2 x 10°°
D. Di hydrogen phosphate ion (HoPOy™) 6.3 x 10°8
E. Bicarbonate ion (HCO;) 6.3 x 1011

In the diagram bel ow, the plane drawn behind the peptide bond indicates

RN e
19

A.  plane of rotation around the C,-N bond.

B. absence of rotation around the C N bond because of its partia
doubl e bond character

C. region of steric hindrance determ ned by the [ arge C=0 group

D. theoretical space between -180° and +180° that can be occupi ed by
the ¢ and ¢ angles in the peptide bond.

E. region of the peptide bond that contributes to a Ramachandran plot.
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NANME

Whi ch of the following amno acids is the nost soluble in water at pH

7.07?

A, dutamate

B. Tryptophan

C. Leucine

D. Tyrosine

E. Phenyl al ani ne

The fol ded states of globular proteins in aqueous solutions are
stabilized primarily by

moow»

hydr ophobi c i nteractions
pepti de bonds
phosphodi est er bonds

i oni ¢ bonds

di sul fi de bonds

Whi ch of these statenments about enzyne-catal yzed reactions that obey
M chael is-Menten kinetics is false?

A

B

The
t he

A

B
C
D
E

At saturating |l evels of substrate, the rate of an enzyne-catal yzed
reaction is proportional to the enzyne concentration
The M chael i s-Menten constant XK equals the [S] at which v = 1/2

Virax:

I'f enough substrate is added, the normal Vv . of a reaction can be

attained even in the presence of a conpetitive inhibitor

The rate of a reaction decreases steadily with tinme as substrate is
depl et ed.

The activation energy for the catal yzed reaction is the sane as for
t he uncatal yzed reaction, but the equilibriumconstant is nore
favorabl e in the enzyne-catal yzed reaction

nost efficient substrate of an enzyne is usually considered to be
substrate with the

| argest Kk¢at
| argest Kny
| argest Kcat/ Km
smal | est K¢at/ Km
smal | est Kp,

Certain restriction enzynmes produce cohesive (sticky) ends. This neans
t hat they:

A

B

mooO

cut in regions of high GC content, |eaving ends that can form nore
hydr ogen bonds than ends of high AT content.

nmake a staggered doubl e-strand cut, |eaving ends with a few

nucl eoti des of single-stranded DNA protrudi ng.

cut both DNA strands at the sane base pair

stick tightly to the ends of the DNA it has cut.

have none of the above characteristics.
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10.

11.

NANME

Two ol i go-deoxynucl eoti des, 5'-ACCACGTAACGGA-3' and 5'-GITAC-3', plus
DNA pol ynerase are added to a reaction m xture containing the
appropriate buffer plus radiol abelled dATP, dTTP, dCTP, and dGIP. The
radi ol abel | ed bases incorporated into the product of such a reaction
woul d have which of the foll ow ng base conpositions?

A 3C 2A

B. 1G 1T

C. 3G2T

D. 3G 3T:2C

E. 5T:4G 3C 1A
A=27% G = 30%
T =21% C=22%

If the genone of a newy isolated virus displays the base conposition
above, the virus nost |ikely consists of

A.  single-stranded DNA
B. doubl e-stranded DNA
C. single-stranded RNA
D. doubl e-stranded RNA
E a doubl e- st randed RNA: DNA het er odupl ex

For protein synthesis, an am no acid needs to be attached by its

group to the of the t RNA nol ecul e.

A. am no; phosphoryl group on the 5 -end

B. carboxyl; phosphoryl group on the 3'-end
C. carboxyl; hydroxyl group on the 5 -end
D. carboxyl; hydroxyl group on the 3'-end
E. am no; base on the 5 end

The thymi di ne anal og 3'-azi dot hym di ne (AZT) bl ocks replication of
human i mmunodeficiency virus (HV). AZT is converted in cells to the
5'-tri phosphate nucl eotide derivative and then incorporatioed i nto cDNA
copies of the infecting HV RNA by the HV's own reverse transcriptase.
The cDNA term nates prenaturely at the point of the inserted anal og.
The nost likely reason that AZT is not equally inhibitory toward
replication of human DNA is that the 5' -triphosphate nucl eotide
derivative is

A. capable of base-pairing with the riboadenosine in the HV RNA, but
not with the deoxyadenosine in the human DNA

B. replace with the normal deoxynucl eotide during DNA replication

C. unable to enter the nucleus, where DNA is replicated

D. hydrol yzed by nucl ear enzynes to the thym dine-5'-triphosphate, so
the azido-formis not incorporated into replicating DNA

E. bound with nuch lower affinity (resulting froma higher X, to human

DNA pol ynerase than to H'V reverse transcri ptase
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12.

13.

NANME

The basis of precipitation of proteins by anmonium sul fate is best
descri bed by which of the follow ng statenents?

A. Proteins are rendered insol uble when they bind the ammoni umion

B. Proteins are rendered insol uble when they bind sulfate ion

C. Addition of anmonium sul fate adjusts the pHto the isolectric point
of the proteins.

D. Anmoni um sul fate binds water nol ecul es, naking themless avail abl e
for hydration of proteins.

E. Ammoni um sul f at e am dat es carboxyl groups on the proteins, rendering
t he proteins insoluble.

The pH of a 1008 M HO solution prepared with pure water at pH 7.0 is
closest to

6.

mooOw>
ONNO
ow©r oo

14. FIGURE DI D NOT SCAN IN

15.

Two hene proteins, X and Y, each conbine reversibly with oxygen. Based
on the Oy-binding properties shown in the graph above, which of the

foll owi ng statenents about proteins X and Y best explains these
results?

X is henmogl obin and Y is myogl obin.
X conbines with O, nore rapidly than does Y.

X has a higher affinity for O than does Y.
X nol ecul es bind nore O, than do Y nol ecul es.
X is cooperative, but Y is noncooperative

mooOw»

Proteins can be stabilized by bonds that could include the interaction
of the side chain of a lysine residue with the side chain of

A dy
B. Arg
C Hs
D. Asp
E. Asn
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16.

17.

18.

19.

20.

21.

22.

Whi ch of the following lists represent

NANME

bondi ng interactions in their

general order of strength on a "per bond" basis fromlowest to highest?
A.  hydrogen, ionic, hydrophobic, coval ent
B. hydrogen, hydrophobic, ionic, coval ent
C. ionic, hydrophobic, hydrogen, coval ent
D. hydrophobi c, hydrogen, ionic, coval ent
E. coval ent, hydrophobic, hydrogen, ionic

Whi ch of the follow ng nol ecul es or substances contain, or

from fatty acids?

A. gl ycerol phosphol i pi ds
B beeswax

C. triacylglycerols

D. sphingolipids

E. A

Tay- Sachs disease is the result of a genetic defect

of :

A. triacylglycerols.

B gangl i osi des.
C. sterols.
D vitam n D

are derived

of the above are derived fromfatty acids.

in the netabolism

Which vitamin is derived from chol esterol ?

A A B. By C

D D K E. E

Whi ch of these statenments about the conposition of nenbranes is

generally true?

A. The lipid conposition of al
essentially the sane.
B. Al biological

D. The inner and outer
conposi tions.

Peri pheral menbrane proteins:

nmenbr anes of mitochondria have different

menbr anes of eukaryotic cells is

menbr anes contai n chol esterol
C. Free fatty acids are nmjor conponents of al

nmenbr anes.
protein

A. penetrate deeply into the lipid bilayer.
B. <can only be released frommenbranes by detergent treatnent.

C. behave like typical

sol ubl e proteins when rel eased from nenbr anes.

D. are generally bound covalently to phospholipid head groups.

Wien a bacterium such as E. coli is shifted froma warm grow h

tenperature to a cooler growh tenperature,

o0 wm>

synt hesi zi ng thi cker

it conpensates by:

putting | onger-chain fatty acids into its nenbranes.
putting nore unsaturated fatty acids into its nmenbranes.
increasing its netabolic rate to generate nore heat.
nmenbranes to insulate the cell

Page 5



23.

24.

25.

26.

27.

28.

NANME

An integral menbrane protein will commonly be solubilized by extraction
with:

a buffer of alkaline or acid pH
a solution of high ionic strength.

a chel ating agent that renoves dival ent cations.
a solution containing detergent.

hot water.

moow»

Whi ch of the foll owi ng nonosaccharides is not an al dose?

A, ribose

B. glucose

C. fructose

D. glyceral dehyde
E. erythrose

Whi ch of the following is an epineric pair?

D gl ucose and D-mannose
D-1actose and D-nal t ose
a-mal tose and a-cel | obi ose
L- mannose and L-fructose
D gl ucose and L-gl ucose

moow»

Whi ch of following is an anoneric pair?

D gl ucose and L-gl ucose
D gl ucose and D-fructose
a- D-gl ucose and p-D- gl ucose
a- D-gl ucose and p-L-glucose
D gl ucose and L-fructose

moow»

When the linear form of glucose cyclizes, the product is a(n):

A. gl ycoside.

B. hemi acetal

C. anhydri de.

D. lactone.

E. oligosacchari de.

Starch and gl ycogen are both polyners of:

A.  a-D-glucose

B. pB-D-glucose.

C. glucose-1-phosphate.
D. sucrose

E. fructose
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29.

30.

31.

32.

NANME

In glycoproteins, the carbohydrate noiety is always attached through
the ami no acid residues:

A. tryptophan, aspartate, or cysteine.
B. asparagi ne, serine, or threonine.
C. glycine, alanine, or aspartate.

D. aspartate or glutamate.

E. glutam ne or arginine.

The structure of NAD'™ does not incl ude:

an adeni ne nucl eoti de.

ri boflavin.

a pyrophosphat e bond.

two ribose residues.

the vitamn nicotinic acid.

moow»

Whi ch of the follow ng nol ecul es binds strongly to avidin?

A.  pantothenic acid
B. folic acid

C. niacin

D. lipoic acid

E. biotin

FI GURE DI D NOIT SCAN I N

The doubl e-reci procal plot shown above depicts which of the follow ng
types of enzynme inhibition by I7?

A.  unconpetitive
B. conpetitive

C. nonconpetitive
D. suicide

E. coval ent
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NANME

Il. STRUCTURES: IDENTIFICATION & FUNCTION. (50 points)

A ldentify the follow ng structures by nane (common, or trivial nanes
preferred; systematic nanmes OK, NO abbreviations)
B. 1IF there is a blank for B., list one biologically significant function

for that conpound. Be as specific as possible.
C. IF the compound shown is conprised of an essential vitanmin, circle the

vitam n part of the nol ecul e.
1. TH S PAGE DID NOT SCAN IN. SEE KEY OUTSIDE DR TOLAN S OFFI CE
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34.

NANME

MATCHING. (32 points)
the appropriate letter in each blank. Al itens will be used once.

Mat ch these nol ecul es to their biological roles.

1. carbohydrate storage in animal |iver A. proteogl ycan
2. extracellular matrix of animal tissues B. starch
3. blood clotting factor C. chitin
4. carbohydrate storage in plants D. cellulose
5. pol yanioni ¢ acid-sugar that forns core of E. glycogen
pr ot eogl ycans
6. structural conponent of plant cell walls F. hyaluronic acid
7. disaccharide G sucrose
8. exoskel eton of insects H.  heparin

| V. SHORT ANSWER. (73 points)
G ve a brief answer or diagramto each probl emor question

35.

36.

37.

In the last structure shown on page 8, what products would you expect
after exhaustive nethylation and hydrolysis (just list the nanes)?
What products woul d you expect followi ng reaction with an

a- gl ycosi dase? (10 pts)

Wite the conplete reaction for the hydrolysis of ATP to ADP and

i norgani ¢ phosphate. Briefly nane three chenical differeneces between
reactants and products that explain the high AG for the reaction in the
cell. (10 pts)

Descri be the differences between a proteoglycan and a gl ycoprotein. (10
pts)
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38.

NANME

(43 pts) You have isolated the |ysine anm noacyl tRNA synthetase and
determned its structure. You are about to | ook for the nost likely
active site in your structure. A). Draw the structure of the

i nternedi ate that woul d be bound at the active site prior to transfer

of the lysine to an incomng tRNALYS, B). Surround this structure with
a wavy line to indicate the surface of the enzyne active site. Show
(and nane) as many internol ecul ar interactions between the enzynme and
the substrate internediate you have drawn in (A). 1In each of the

i nteractions you show suggest an ami no acid residue that would provide
a chem cal group for such an interaction. These am no acids m ght be
those for which you would | ook in your enzyme structure. cC). Denote
whi ch residue in your enzyne that you might change by site-directed
nmut agenesis to investigate the fidelity of this enzyne. \Which kinetic
constant woul d you expect to change if you nade such a mutant enzyne?
D). Denote which residue in your enzyne that you m ght change by
site-directed nutagenesis to investigate the activity of this enzyne.
Whi ch kinetic constant woul d you expect to change if you nmade such a
mut ant enzyne?
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Test

Question

FI NAL EXAM Answer Sheet 12/ 19/ 98

Mul tipl e Choice

STRUCTURES

Mat chi ng

OC O ~NOOPN~»WNPRE

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

WMWE>WO>PO0O00TTMOUOUO0O®OMUOU>OTOM>>T®

-
>

Deoxyguanosi ne

. part of nucleic acids
2. AL Biocytin

B
B. carbon dioxide carrier
C. biotinis part
3. A NADH B. electron (hydride) transfer
C. niacin is part
B. acetate or acyl carrier
C. pantothenic acid is part

I
>

Coenzyme A

5. A Steric acid
6. A Linoleic acid
7. A.  Sphigosine
8. A Phosphatidyl choline (1-palmtyl, 2-olyl)
B. part of nenbranes
9. A Cholesterol B. part of nmenbranes in animals

steroid or vitam n D precursor
10 A Two Gal (al,4)d cNAc attached (p1,6) and (p1,2) to
Man. C. Mannose is the reducing end.
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Test Correct
Question Answer

MATCHI NG 34 E, A H B F D G C

Short Answer
35

36

37

38

The structure is a sugar unit recogni zed by

phyt ohemaggl utinin: Two Gal (al, 4) G cNAc attached (p1, 6)
and (p1,2) to Man. Products of nethylation would be:
2,3,4,6 tetramethyl Gal, 3,6 dinmethyl 2-N-acetyl dc
1,3,4 trimethyl Man. There would be Gal rel eased by an
a- gl ycosi dase because of the (al,4) |links at the
non-reduci ng ends. No glycolytic celavage after that
because there are only p-1inked sugars.

ATP- 4 + HO <=====> ADP-3 + H2PO4'2 + Ht

1. Increase in resonance forns in the inorganic
phosphat e product.
2. Relief of charge repul sion between o and p phosphate

groups on reactant, ATP 4
3. Deprotonation of the immediate product, ADP 2, to

ADP-3 + H". Thus pulling the equilibriumto the right.

Both are nmade up of proteins and polysaccharides. In
prot eogl ycans, the carbohydrate noiety dom nates,
constituting 95% or nore of the mass of the conplex. In
gl ycoproteins, the protein constitutes a |arger
fraction, generally 50% or nore of the total nass

A.  The structure should include AMP-am no acid

(Adeni ne-ri bose- phosphat e- car boxyl |inked |ysine)
intermediate. B. At a mininumthere should be ionic
interactions with the Lys, a-am no group, phosphate
group provi ded by opposite charges coming from

G u/ Asp/ Hi s/ Arg/ Lys; hydrogen bonds to the ribose and
/or adeni ne base and ami no acid carbonyl oxygen and the
phosphat e group (H bonds whoul d show proper
donor/acceptor orientation); hydrophobic interactions of
the adeni ne and the met hyl ene chain of Lys provided by
am no acids such as Ala/Val/llelLeu/ Met/Phe/ Tyr, etc.

C. This should denote the interaction with the Lysine
g-am no group that affects K, The change would be to

Asp/du or neutral amino acid. D. This should denote
changes in those anmino acids in contact with the
carbonyl oxygen and/or the phosphate group that affects

Kcat (Or Vipax) -

Page 2



