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QUEsrloN I Examine the figure berow and_read the corresponding regend beneath it carefuly, and thenanswer the questions about this protein on the following pages. I2O pG totall
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of biologrcal membranes. Therefore. proleinla-rn-Brs ltdnsporters, pumps. and channers) provide the conduit
bJ wtrich ions transrocate across membranes. Transmembrane derivery of Mgr'rs carried out by',"ro"r" oirne uorA ramrDol proterns In both prokaryotic and eukaryotic organisms. Just this year (2006), two ditferentgroups reponed the three-dimensional struclure of the corA channel isolated from l.rerro tog" ."itir", ithermophil ic (grows best near 80'c) Gram-negative eubacterium. shown above is a ribbon Jiagram of thecorA channer viewed in the prane of the membrane (a, reft) and a singre subunf of the corA protein (a. riohtlAlso' shown is a "worm's eye" view of the corA channer, rooking from the cytoptasm out*ro'1oy ;;;; :;l;;t
eye" view of the CorA channel, looking from periplasm (extracellular space) inwaro {c).
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QUESTION l(continued)

(1) \ /trat element of secondary
subunit to its cytosolic domain?

{  h . l , r  l

structure spansall the way from lhe membrane-associated domain ot each

11 ptl

11 ptl I have chosen to draw the structure of$ below: I.1 ptl

f l  o u  ' , .

[1 ptl lhave chosen to draw the structure of L_:]l betowi [1 ptl

11 ptl

(3) What element of secondary structure is indicated with the number 3?

[1 pt]

[1 pt]

Name two different amino acid residues whose side-chains would be most compatible with this element ofsecondary structure A.|d would be well tolerated when situated at the apex (top) of this structural element, asdraw? Then, draw lhe structure (every atom and every bond) of the side_chain oi one of thqse lwo.
(a) l ' ,,1 "' i  '- 

[ j  pt] I have chosen to draw the structure of f l oetow: 1.t pt1

(a)

(b)

Name two different amino acrd residues whose side-chains wourd be most compatabre with this erement ofsecondary structure ald would be well tolerated projecting into the cytoplasm (aqueous phase) , if," ,."gi;marked with a number '1? Then, draw the structure 1every atom and'every bond) of the srde-chain of on-e ofthese two

T"  . . "

(2) Name two dlfferent amino acid residues whose srde-chains would be most compatibte with the element of
:f""?,?,i::f:,.::r:::111,:::l:',L ll."--ol?cket_(and numbered 2) ard wourd be weil torerated pro;ectins in;
I:^l*f*E1c":T.:f-tl_:li?id !rl"y:: "f the piasma membrane?-?hen, d-"1r," .t."irii-G,Id;; il;every bond) of the side-chain of one of these two.
61  l '  j t " ' , .  , 1  '

I
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(b)

(4) Whal element of secondary structure is indicated with the number 4?

[1 pt] ; .r
Name two different amino acid residues whose. side-chains would be most compatrbte with
secondary struclure? Then, draw the structure (every atom and every bond) of the side_chain

I1 ptl

11 ptl

this element of
of one of these

I have chosen to draw the structure of -/ '

t o r  A , ; l , , . . . . 7 , . .--------_-----

below: [1 pt]
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(5) Given that l/g:leeds to shed its water of solvation to enter this channel and needs to be attracted to the
funne[shaped opening (see c on previous page) that then tapers into a size-selective pore (see b on previous
page), name two different amino acid residues whose side-chains would be most compatible projecting into the
center of the pore (i.e. serving as its l ining)? lhen, draw the structure (every atomandevery bond) olthe side-
chain of the one you have chosen.

[1 pt] | have chosen to draw the structure of!:_ betow [1 pt]

6\" 'u-  .  , ,  " [1 pt] .u.a

That is, of how many subunits is the native protein composed?

(b)  , , - .  { " . .1 . . , r  " . t  1 , " , , ,  
,p  o-r -L- ' . .J
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- f qUeSflOl tl. lluttipte Choice. Ptease CTRCLE ClCaiy the tetter thar corresponds to the ![9g correct

\\}tcrusron 
to each of ihe following slatements or querie!. 

-po 
pts total;

I (1) Compared to the radrus of the covalent single bond formed by an atom, the length of the van de. Waals
radius for the same atom ist [2 pts]

(a) Th{ame
(b) Shorter

f@Longer 
,

(d) Depet(F on the atom

(2) When the dielectric constant of the surrounding medium is lower, the strength of the attractive force
(electrostatic interaction) between two charges of opposite sign is: [2 pts]
(a) Weaker

\QlPtronser
lc) Unaffected
(d) Becomes indep{ent of the distance between the charges

(3) Enantiomers ditfer from each other in all of the following respects, except: [2 pts]
(a) ch)€lity

@r configuration

@ Conformation
(d) optP{ activity

(4) High concentrations of all of the following compounds act as protein denaturants, CIgCpl!: [2 pts]
(a) D<a
(b)x

@\Nacl
(d) Ethanol

QUESTION | (continued)

(6) \ /hat is the oligomeric state of this protein?
Explain your reasoning briefly. [2 pts]

(b)

1a; Ar lrrr'\'t A''J ]
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(5) During the purificalion of an enzyme, its specitic activity should: [2 pts]

;Q) Stay the same
( (b) hcrease

(c) Decrease

(d) Cannot be determined from the information provided

(6) The lggl,bppropriate method to determine the approximate molecular weight of a purified protein is:
[2 pts]

@ tsopyg(oanaing
(b) SDs-polyacrlj{mide gel electrophoresis

, 
-ffr3ize 

exclusion chromatography
(d) Electrospray ionization mass spectrometry

(7) The standard free energy changes at pH 7 for the following enzyme-catalyzed hydrolysis reactions aregiven:
Reaction #1i ATP + HrO) ADP + poa3' + H' AG.'= -30.5 kJ/mote
Reaction #2i Glucose-6-phosphate + H2O ) clucose + poa3- AG.,= _13.8 kJ/mole

Vvhich of the following statements about these two reactions is correct: [2 pts]
(a) 8F(€ of Reaction #1 is greater than that of Reaction #2
(b) RIQ of Reaction #2 is greater than that of Reaction #'1
(c) Neither reaction D8<lccur spontaneously

\ (d)\ate of neither reaction can be determined from the information provided

(8) The approximate diameter (in A) of the roughly globular hemoglobin molecule is about: [2 pts]
(a) oF5.0-Q5
(b) 5.50-6.50

$ss.oo-os.oo
(d) 550.lts{50.00

(9) tvlutations in the coding sequence of a gene that would cause all of the following amino acid changes
within the open-reading-frame are considered ,,conservative" substitutions, exceot: [2 ptsl
(a) sNr

-[f\-r r^. a.^
. t ] : l , ) ' . ' -  "  "

(c) rDJa<fhe
c) 9ts<€n

(10) All of the following unusual amino acids occur as the result of naturally-occurring crosslinks found in
c e r t a i n ( e s p e c i a l | y f i b r o U s ) p r o t e i n s ' 9 I ! c p ! : [ 2 p t s ] � �

(a) Cystlne
(b) Lysinonorleucine
(c) Desmosine

@Ydro"vorotin"
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Zla) .on the right is a lisl of over a dozen different physical and chemical properires that miqht be possessed bva bromolecule or conditions to which. a biomolecuie might be exposed. on ttre iett il""-r"t ii""p"r"ii"imethods that are commonly used for the fractionation ot the complex mixture ot proteins in " "rra" ""li "rri""iand are therefore used for the eu?g:g:_ol!.reqa!ng (purifyind) a protein of interesr. r, ii," Oll-"i ii]"""provided, write in the NUMBER (or NUMBERS) of the property (or properties) and/or condition (or conditions)
$:-9ql 

t:?i?::nt the^pulico-chemic_al properties or conditions th'at ;onstit;te the 0".i" roi "j"r, ""p"r"ijo,i
-merhod Indrcared. [10 pts totar] tp!EAs_E_09!9: one pt wi 

 

be subtracted for each incoiietlre=ponsrl- -

QUESTION ll l . [20 prs totat]

(a) Aff'nrty 
!hroTatos:Ttiy

(b) Ammonium Sulfate Fractionation

(c) Cation Exchange Chromatography

(d) Differential Centrifugation

(  , , '  t .  c ) ' ) - \  )
(e) Gel Permeation Chromatography

(0 Hydrophobic Interaction Chromatography

(g) lsoelecklc Focusing
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(b) In the box provided beneath draw the structure of

q dipalmitoylphosphatidylethanotamine [Spts]
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(c) In the box provided beneath draw the structure of

| l]-D-glucose in its chair conformation 15 ptsl
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QUESTION lv. Problems. [20 pts totat]
(1) Tyrosine is one ofthe twenty naturally-occurring amino acids.
(a) Based on your knowledge of the approximate pK6 values of the ionizable groups in tyrosine, what is the
approximate pl value for,T8 "iiT,ff:{" 

-anOW 
youJ calculations and/or EXPLATN your reasoning. [3 ptsl
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esterified phosphate (see box) are pK.1 = 'l and pK., = 7, what is the
I approximate pl value for phosph
\ Lb , l ) ' L -  

'  
Pe  ' j a  u  4  )

approximale pl value for phospfo-tyrosine? sHow your calculations and/or EXpLAIN your reasoning. [3 ptsl
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(2) lmmediitely belo'rl is showri the pririrary strucdure of an ilnportan't mammattan peptade hormone. cdled.

(c) V\,/hat is different about the carboxyl-terminal
typical / conventional peptide? [1 pt]

o
t l-o-P-oH
I

OH

end of GnRH, compared to the o-carboxvl found in a more

PI"

gonadotropin-releasing hormone (or GnRH), which has interesting chemical llodifications at both its N- and C-
tg.I:]_919S Below are _specific questions about this peptide. Answer rhes-luEries?s-iCEinclly, but as
comprerery. as you can. 114 pts totatl 
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(a) How many amino acid residues are there in GnRH? [1 pt] 

* A' 
) 

- l j :  4'"

(b) what is different about the amino-terminal end of GnRH, compared to the d-amino group found in a typical
/ conventjonal peptide? [1 ptl 

TIv,., j  "-\,4,(n.L-,frJ.. a^,^,., 1,."g. T.rL.J,+L* ir ^

ty, l ic p,u\,* 'Y94 - ih, '  ai l .r '1 '  ""; '1,^.h^ J( '-Jl-

, , .  1 ' r , . , t , . ,  t ,  ( - ( . - . ' )  , IL , ,  -  " . ' ,  ^ . , " , )
, "\ * r A ,."1 ,, -p. " 7,,-

I."',.r 4^\,, ,r' .rf
a^L (Jir- , , r .  \  V'u,  ,



QUESTION lV (continued) fil;un r.rn*, _---,---' -lltiill
(d) lf GnRH were subjected to standard conditions for acid-catalyzed hydrolysis and then the resulting
hydrolyzate was examined using an automated amino acid analyzer, what would be the apparent amino acid*.0-"'1,"t:tt"y: :i*:'l r::1.::""1':n r r, ?,1),"t , / .  r .- ,  t  *

r  |  / .  -  l . l .  \ , . , , ,  \ \ '  , , " \ / r '  " r .  \  1 , , r , , . , r  ' .  ,  , '
.  \ , 1 " ^  . 2 t  a i  /  w  '

(e) Wll the GnRH peptide (PUT AN "X" MARK lN THE APPROPRIATE SPACE): [9 pts]

++ YES NO

Be c leaved by  t ryps inz .  L  '  l ' , . ) r X
React with phenylisothiocyanate? r ,." X
Be degraded by carboxypeptidase A?;; / _ . ). f ., ><
Be cleaved by chymotrypsin?pl, r -<
React with fl uoro-dinitro-benzene? x' ta
Be cleaved by cyanogen bromide? t,r -x
Be degraded by aminopeptidase M? ' x
Be cleaved by thermolysin? l i. . , L+ t r r ,,JJ X
Be cleaved by S. aureus V8 protease? r'.1, /, l

ue or False. [20 pts totall

I r r -

lfL'o,u ,.,
TRUE FALSE

Heme is only lound in the oxygen-binding proteins of air-breathing organisms., x
Hemoglobin can only bind oxygen when the iron in its heme groups is in the felric state

Like all protelns wlth aromatic side chains, hemoglobin only absorbs light in the UV range. \
Under all conditions, O, binding by hemoglobin displays sigmoidicity due to cooperativity.

,(
The toxicity of CO, to humans is due to its abil ity to block O, binding to hemoglobin. x
2,3-bis-phosphoglycerate is only made in red blood cells, where it can act on hemoglobin. \ *
The Hil l coefficent (nH) cannot be a negative number. +?. X' .ra
Hemoglobin helps remove the H'generated in metabolically-active tissues.

Sickle cell anemia is a genetic disease. \ ,
Fetal hemoglobin has a higher affinity for 02 than maternal hemoglobin under all
conditions.

>\


