NA
CHEM 527 First exam, Faljf 2006
NOTES:

1. Where appropriate, show work to receive full credit.

2, This exam contains 10 pages.

3. Pace yourself - you may want to do the easiest questions first.

4. Note the point value of questions varies widely - adjust your answers accordingly.

5. Please give concise answers — unfocused, rambling, answers often receive less credit than a few short

phrases. if there isn’t much space allotted - a short answer is appropriate. -
6. Some questions have more data than needed to tackle the problem.
7. FINALLY PLEASE write clearly. If we cannotread it .... it is wrong.
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Table of amino acid pK values

Name pK aCOOH pK aNH pK{-R)
Alanine : 2.3 9.7 -
Arginine 2.2 9.0 12.5
Asparagine 2.0 9.0 -
Aspartic acid 2.1 9.8 39
Cysteine 1.8 10.8 8.3
Glutamine 2.2 9.1 -
Glutamic acid 2.2 9.7 4.2
Glycine 2.3 9.6 -
Histidine 18 92 6.0
Isoleucine 24 9.7 -
Leucine 2.4 0.6 -
Lysine 22 9.0 10.0
Methionine 23 9.2 -
Phenylalanine 1.8 9.1 -
Proline {20 106 -
Serine 22 9.2 -
Threonine 28 104 -
Tryptophan 24 9.4 -
Tyrosine 22 9.1 10.1
Valine 23 9.6 -




Question 1 (15 pts). Short problems. Most of the credit goes for the '
correct numerical answer.

a. The pH of a solution is 3.3, What is the hydroxide ion concentration? 1
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b. Aspirin (pK 3.5), a weak carboxylic acid, is dissoived in water to give a solution with a
pH of 2.5. What concentration of aspirin was used? .
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c. You add 0.19 moles of KOH to 0.5 L of 0.4 M formic acid (pK 3.7). What is the pH of the

mixture?
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d. A 100 residue protein with 5 disulfide bridges is reduced and then disulfides are allowed
to reform under denaturing conditions. How many possible disulfide combinations are

possible?

1o cdxb\\le&. Eeaane e Number 945
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e. you add 0.25 moles of K" H;PO4 to 0.5 moles of K*, HPO,? in 1 L of water. The pK of the
phosphate species here is 7.2. What is the pH of the mixture?

ph = To2 4 ta S op=_[S0]
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Figure 2 (13 pts) The figure below depicts the crystal structure of “WIND”, WIND is a
protein involved in the development of multicellular organisms. WIND is a dimer of
identical subunits. Answer the questions as directed.

M

©

a. In the chain starting with an A (the N-terminus) what ‘
is the term for sections A-B and C-D? DoMAINS

b. Suppose A-B and C-D were also obtained as separate folded proteins (by expressing the
fragments in bacteria). After denaturation in 8 M urea, which would you expect to fold fastest.

Circle: | A-B or CD

Why? (cne phrase on one line).

| |
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c. Draw the chemical structure of urea ............ — O

u

e — N
d. The protein fragments (A-B and C-D) were N\’k 2 - =
found to differ in molecular weight when evaluated

separately on gel-filtration in buffer. O

Which is likely to be a dimer. Circle one:

@ or C-D or insufficient information

4 3(elt)
e. How many amino acids would you expect between positions E and F? M‘ — 2 @

f. How many H-bonds are likely to stabilize the structure between E and F ™~ “’F iL
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g. What amino acid is likely to be at position G Pro é/ Gl Q

h. Is B (in the figure on the previous page) an N-terminus or a C-terminus? Circle one: @

N-terminus rminus cannot say/insufficient information

i. The two segments labeled H and ! are: circle alf appropriate answers

Paralle! beta stands @anel bw Coiled coil Triple helix
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Question 3 (10 pts) You have 0.2 mol of arginine (shown) in this ( <
particular ionic form dissolved in 1 L of water. Answer the NH; \2: )
following questions first circling the reagent (KOH or HCI) and then @ .
the amount you wiil need to get from the form shown to the C==NH;
indicated pH.
NH
o M O 0 g ' CH2
a. From original solution to a pH of 2.2 mol of , _
KOH or @ (circie one) G
CH;
O | | ‘ o
b. From original solution to a pH of 9.0 mol of HyN——CH—C—0
(30 | (=2
KOH o @
c. From original solution to a pH of 12.5 ° mo! of 440
’ or HCI | M :
: 2]
& | 2 3

d. From the original solution to a pH of 5.6 O° 2‘ mol of f

KOH or @ SJ(aV}‘q/“U/ e

\\!-;,..
e. Circle the charge on arginineatpH1 — @ 1 0 A1 2
f. Circle the charge on arginine at pH 14 — 2 1 0 @ -2




Question 4 (8 pts.l/l}@,lhe-pepﬂge cys-asp-gly-lys in the form that predominates at
ry

pH 6.0...- Depict-evefy atom in yom\:% dFavg’Q N 3’@ -
/\ 1 @é’r\ﬁ\& b et ,,O__bf ‘ \Ci\#t,
9‘9 W C\ o0 Crre
hoo CHez
CHz
N\’\—g - C ""’“C’—_ l o ] J , ) ,
!l» T ToH HooH
Leys (] KT WG Ll \

SN Gl TRA ™ CER-

b. what is the electrical charge on NEWTS (assume the same side chain pK values as in the
Table on first page. E has a side chain of -CH»-CH,-COOH)

-2
c. NEWTS is attacked by a proteolytic enzyme, named CIYMo TR PSIN G:

atpH 12

d. List the LARGEST fragment formed in "c”

e. How special is the NEWTS sequence? How many possible peptides of 5 amino acids
could be synthesized if you could pick from 20 amino acids at every position (i.e. NNNNN is '

one of the sequences). L
g 3o 2 xID
S

2.0 (3,200,000 )




f. would this sequence often occur by chance in a protein of 500 amino acid resides? Circle O

one: R
yes @ insufficient information

g. below is a sequence of an ehvelope glycoprotein from Human immunodeficiency virus 1
Inspect the sequence shown below (a single chain of 180 amino acids) and answer the
following questions.

1 IKFVVSTQLLLNGSLAEEEIII#TENITNNAK&IIVQLNESITI@;}R&YQSQ#WESHIG

‘ LGRAYYTTRIQGNIKQI%:BISEIGWNRTLQQVAKKLRDLYNTTKIIFKPSSGGDPEITT

HSF@]EFE‘@TSGLFNNNEWTSNSTSVTSTSTGVNEDTI IIKQI IN»%WQGVGK 180
a— R

i, clearly underline the newts sequence in the protein above. @

ii. what are the maximum number of disulfide bonds that could form in a monomer of this

protein? 2

....... disulfides per monomer (a number from 0 - 10)

iii. if this envelope glycoprotein were a dimer, what is the maximum number of disulfide bonds
that could form in the dimer @

5

........ disulfides per dimer (a number from 0 - 20)

iv. In the top line of sequence (residues 1-60) give the first @
4 amino acids of the largest tryptic peptide —_
(assume that the protein was reduced/alkylated first ? E J, I \/ @ 7
>
Accept P v vV S
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v. In the entire sequence write below the shortest fragment generated on CNBr treatment of
the envelope glycoprotein

WA &GV & &
Q-7 B NBTE!
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Question 6 (6 pts) A buffer, pK 8.5, was being used at a concentration of § mh to
maintain a protein solution at pH 8.9. The solution was stored exposed to air at4 °C
and the pH kept on dropping (... it was pH = 8.2 after 2 days).

Explain why (one line) - with appropriate chemical equations. In addition to using chemical
notation please also give the chemical names for the compounds you draw.

@
Why: CO? fﬂmndﬂ" a{rf’ﬁ{d% 7{50&% aavbwe acid whid dﬁf&f@cz&éx
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Question 7 (7 pts) Maximum of one line of text per answer. Please write legibly.

\

A

a. What is a significant disadvantage of peptide sequencing by mass spectrometry (apart from
the cost of the instrument!).
Cam mo// i) /iiw/ onl.  LEJCONE Fw 1 S00EUCNE "
(v
b. Name a program you might use to see if the amino acid sequence

SI.YSPSDPLELLGADTAERRLL is found in the chicken (and its translated genome).

BL/HT 5451'@ focq/ 'a/,(%,,m%/// SQWCL ﬁ-{éﬁéﬂm 27

c.. identify the amino acid change in a mutation that causes brittie bone disease(s)

(osteogenesis imperfecta) ® @

Wl
The mutation from amino acid (5(_ I—\\/ to SE fé

And the molecular reason that this mutation is harmfulffatal:

SEE side chala disr upﬁ 10LJ@fW cgf 7"’!?& LQLK VMM\”/L; arcm&d‘{ﬁ G"L\t./




Question 8 (9 pts) Referring to the graphs below, deduce the schematic structure of the

proteins A-C. Using the sample answer for the amount of detail required, show the
quaternary structural arrangement including disulfide linkages (if appropriate). The
triangles on the graph to the right indicate the behavior of proteins A-C.

SDS-PAGE Gel filtration in buffer

Protein A | Protein B ! Protein C 160 kDa b

— 110 kDA |-
: a'o kD@ | o 80 kDa |~
BOKDA | oo e e e 60 kDa |-

30kDE| s '5 A
i | 40kDa . Protein C
20 kD | o - |
g i - 30 kDa =
10 kD | oo | ‘
) ; 20kDa
+ - + - + . Elution volume —

+- p-mercaptoethanol

(»1 2adn %n‘&vg ot enov

10 kDa

90 kDa

3% ug ke

Indicate disuh}ﬁdes where appropriate

Sample answer Protein A / /\] o) D, ﬁ/[
L[

Protein B Protein C g3




Question 9 (6 pts) The structure of the analgesic
lidocaine hydrochloride is shown (pK 7.9). NH o
Cl
; \ @
NH

Predict the approximate pH values that would
A

ensure a rate of absorption across a biological _ 0
membrane that is: @ ‘93)

a. 10% of the maximal rate pH (0“9[6> @ <
. A = sl Cip //\:‘ - L— 7
Sty reed m :‘ w9 {)Hm ,?\C, - 1‘6 /l:Ff*

b. 90% of the maximalrate  pH %) (2'\3 ‘5 ?‘(\ \uw&‘/\\ P\/CP %ﬂ,:{o

@

Griad &;{L;j_' 2 Y
] | | ﬁpv
half of the maximal rate 7 ' ﬂ _..__————> pH 9
Question 10 (5 pts) Using the table answer the following questions.
PROTEIN overall MW pl #subunits
(native MW)
A 160,000 7 8 N
B 40,000 11 5
C 39,000 8 3
D 20,000 ‘ 3 2

In the spaces provided put proteins A-D as appropriate, (you can use an answer multiple
times). None of the proteins contains disulfide bridges.

The protein sticking tightest to an anion exchange (+ charged resin) at pH 7 _:D___ @

The protein sticking tightest to a cation exchange resin (at pH 7) __6_“ ®

The protein running fastest on SDS-PAGE _S__ @

The protein running slowest on gel filtration in non-denaturing conditions D_ @ '
5

©

The protein with the largest proportion of ARG+L.YS (compared to ASP+GLU)




