. Water properties enable it to sustain life. Write a

. Enlist various types of non-covalent intera

. What is the pH of a 1 x 108 HCI solution? Hint, use first yea
. How much of 0.05 M HCI solution is needed to

. What are the concentrati

 Describe how you prepare 5 liters ©

. Blood plasma contains a total carbonate pool of 2.5

8. Calculate the .pH ofab

THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
DEPARTMENT OF CHEMISTRY

CHE 2112 Tutorial Problem Sheet 1
23RD MaY2016

support life. |
ctions and how they help in support of life.

r chemical equilibria knowledge.

neutralize exactly 8.0 grams of NaOH?

ons of the acetic acid (HOAc) and scetate (OAc) in a 02 M

acetate buffer of pH 5.00? Ka for acetic acid is 1.7 x10°°.

f a 0.3 M citrate buffer, pH 4.47, starting with 2 M

solution of citric acid and 2.5 M KOH.

2 x 102 M.
a) What is the HCO3/CO, ratio and the concentration of each buffer component present
at pH 7.4?

b) What would the pH be if 0.01 M H* under conditions where the increased [CCz;

cannot be released?

c) What would the pH be if 0.01 M H* is added and the excess CO:2 eliminated thereb;

maintaining the original [CO2]?
NazHPOs4 i

uffer composed of 0.060 mol NaH2POs and 0.040 mol

total volume of 1.00 L of aqueous solution, given
H3PO4 +H,0—H,PO,+H30" pka= 1.8
H,PO,+H, O—HPOZ + HzO®  pka=6.76 ’
| \
HPOZ +H, O— PO+ HzO"  pka=12.5
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9. An €nzyme catq

; lyzed reactj , ;
réaction, 0.03 M H* was prc;?izc‘:;zs carried out in 0.2 M Tris buffer, pH 7.8. As a result of the

a) What was the r

ati : . '
Concentrations of o of Tris* (acid) to Tris® (conjugate base) and hence the

these at the start of the reaction?
b) What were
t M
he concentrations of the Tris*/Tris® at the end of the reaction?
c) W
) hat was the pH at the end of the reaction?

d) What woulg .
this pH? be the final pH be if no buffer was present? Will the enzyme survive at
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Nucleic Acids

- A sample

”UC|eo‘5de ?;S?C(;Uble stranded DNA was found to have thymidylate as 23% of the
How does the ues. What should be the %GC of this DNA?

composition? melting temperature of double stranded DNA change with base

A - '
ons:nr:g? OLDNA purified from Mycobacterium tuberculosis contains 15.1% adenine
ar basis. What are the percentages of other bases present?

. A double stranded DNA occurs as a double helix with a total diameter of 20A. On
average the molecular weight of deoxynucleotide pairs is 618 Daltons.

) a) Calculate the length of this double stranded DNA assuming it has a molecular
. weight of 3x 107 daltons.

b) What is the volume occupied by one molecule of this DNA?

c) How many helical turns does a molecule of this DNA contain?

DNA is genetic material. It is transcribed into mRNA which finally translates into a

' gene product. One of the products is a protein. To synthesize a protein, three
consecutive nucleotides of mRNA are used (coded) per amino acid. If the molecular

weight of bacteriophage T4 double stranded DNA is 1.3 x 102 daltons,

a) How many amino acids can be coded for by T4 dsDNA?

s of molecular weight 55,000 daltons can be coded |

: many different rotein .
s 4 g weight of an amino acid is 120 daltons?

for if the average molecular

ght of mRNA that codes for a protein of molecular weight

What is the molecular wei
75,000 daltons?

What is the mechanism of action of truvada in the treatment of viral infections
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THE UNIVERSITY OF ZAMBIA Q2 :
SCHOOL OF NATURAL, SCIENCES — | 10
DEPARTMENT OF CHEMISTRY |2
CHE2112 TEST 1 i Qa4 /O
. . . X ) [ total =
TIME: 17:15 HOURS L% " APRIL 2015 tetsl k7
NAME:_ANEDSOAN NG \Ompe LUOHDGELS B o
ID:_ 14023 1S | LAB GROUP:_TWEIDAT R C R ) ‘
Test duration: 2 hours / &
Instructions:  Answer all questions in the spaces provided ) é :

Check that you have four (4) printed pages

<
@Question 1

For the following properties of water, write a note (3 sentences maximum) on their effect on the
sustenance of life: '

a) High boiling point L wed . 2.5marks _—
“ar (Q&Q(.'VS Lge by e ng a toweuk s Many  Rathion
cnd ablg “to LA Gy €A G| Vfil%,.\f&t "k*’u:\i@(\d\w&; G uple g
rottheude botun - tait s bangl  fabiksadies -

b) specific heat capacity ‘ . - 2.5 markS//.\ ;—AQ-\
Highh tpecive Lot prtdy Swrktunt We iy 1uak ("
Aov Cpieck 4 et v LR MR ueninedlaq Hsne
Ly pwtt o Qtfy\\—?,\gﬁt AACRELE n A&wm Q.r(?\}\u’{\-‘ll,g\ W bvitaade Lolt ©f

) I—&%ﬁ‘%ﬁé‘nt ﬁéa(f\;”g}'\v%(poriig\ibn‘ b "'““'\'\,A Rmpe: "“k“"_ﬁ ‘MC\'QQW © 25 marks —

e envucl thek 088 flutd W& logk e (A
ook loges i v Lo bectuntes wader taws in Lot of
Lok lofore LE N -{\ZN»\&_\) NEEOMA R ((bain ih b QGa)

: O 2.5 marks
d) Hydrogen bonding (i ':\/L“u ] !
“lee bangt abeuk sto Ll"'\}l to molatues e R .
' ‘P"\\)\:Q’\ﬂ(‘ G\ alf o Gulwer ek weder wag lots Of wol 1@
P"C{:Q\r\f d QbU‘VQ okt at ao g Elult O lf\jdi\ﬂ]*l‘ﬁ ’\ocn('hhg :
el

@9_49511@2 ;

a) Define the term buffer. ‘ : | 1, 'n(nark
Jas (owggej W AR ,Qohd\.b‘r\ Q‘\' @ W acld  cd \l‘&
CBV\‘\\/Lg(-‘L{‘Q bose which Ll Cl/‘&m%ﬁ;x N ?\'\ upen g
addsfien Qf tmell i Hﬂ@ acd (HJ‘) bt‘bf&e(—éﬂ) o

R
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Calcu[ate the pH of a 1 liter solution

of 0.1 M formij
formate (HCOONa™) before and afte ic acid

(HCOOH) and 0.1 M sodium

r addmon f
Take pK, for formic acid to be 3.75, of 1.0 ml of 5.0 M NaOH. s
. = marks

Ve = O iMx 4L - . e
HCEsH e addad = S7OM X 116 '

i Iy S
Vcoek = © | melag INeoyy edded = @) old €

VHCEA = © I A L

B n =GOl — Wis, & .
qltc%A(i =0 imo | HCOD Y (O \ LXUL© ) Mmool s
N TR A A o
P“- pat \Dﬂ _(H(OLJ AN¢ @ it Al = 6 | +_é\_\£%_% - S

Heo _
[L cu\w | Tofal Vb\uméy/;-x\US_ L oold,
335 4 loglod
pit= t S o Lopib=30s ¢ J{%a—% =s
= S Yok : G O%3 boqs €0y
j}t-i}':;u i =3 J’”e‘%: 5 )‘”I
' — = 23S
) How much woul

ep ange if the same amount of NaOH was added to 1.0 K

- pure water?
Take pK, for formic acid to be 3.75 and K,, = 1.0 x 10" mol?dm™. State any necessary

assumptions you will make in executing this calculation. 4 marks j
O =T + ol At e ]
| 6] / o e ).‘
Kw= THLEH A1) ek

T exG T )
CXJ - = \-0x\O +Sx\o
"V addet = S Ao dhan

Lﬂ:‘viw‘f - 3 -

Okt Q((CQZL\ = SX\O 'WU\

. ¥ = G J= Vi ox\uq Citt+] Esxtoll - "b"‘m?.

tm] o= -OXGTM [H*VAUW ucH
| (RN ‘"‘2/\/\
P\Jf = “\03 2)(\0

-3 a
Ve = Vg =0 1= o
P“—- —\eg Uy¢i]

PH = -‘logu OXLO \ _,}

) T‘mﬂ Was .
/Y&S“m?hon A - Al C'TL\,Q ?ﬁd&(‘tr\w*‘&ﬁ\o QC“ w{ CW“P[&R Wu&ﬁt‘mﬂ

> Lo e e I-Lf'* £
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The University of Zambia (;O N
School of Natural Sciences \(vo’ \(7
Department of Chemistry \ . j’/ﬁ
CHE 2112 Test 1 July 2016 @' )‘*
lqstructions | &
Time: 2 hours | B e /
Answer ALL questions. Total marks 50 -

Write .
Prese,{?;;:fvn:e"id an_d lab group on the answer sheet //\
ork logically, neatly and be brief ini explanations. ) .

In experi ;
P a“eta?:n':'r;]em 1, you were told to prepare a buffer solution of 0.2 M in acetic acid and
" ” RS !ﬂiﬁ‘e\rSPeC[?f__yere equimolar. (pKa =4.76) h

s Define the term buffer. [2 marks]
/b)) Calculate the change in pH upon adding 1.0 mi of 0.1 M HCl to 10 ml

~" solution. [8 marks] :
. A pok
prod oK

of this

Question 2

a) Write in point format,salient features of a-helix secondary structure. [ 4 marks]

' R A
uence Gly-Asp-Cys-Phe-Arg-Asp-ger
nsatpH2and pH 7 respectively.

jues are given

b) A fragment of an archaeal protein with seq

was dissolved in 25uL of two buffer solutio
What will be its net charge at these pH values? Useful pKa va

below. [6 marks]

Cys Arg Ser- o Carboxyl

[Amino acid | Gly -o amino Asp
| pKa values 9.6 39 | 83 | 125 2.2 ’
Question 3

a

Starting with D-glucose: ™ \

L
aj How many linear isomers are possible for this molecule? [2 marks]

b) Explain the process of mutarotation using structures only. [6 marks]

a simple biochemical equation, explain how Benedicts test will show

’c)) Using :
o results for glucose. [Z marks]

positiv

1
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Question 4

a) Give the common and short form name of the following compound.
N |- - S A W C R S '
CHs-,-CHz—CH=CH—CHz—CH=QH—CH2—CH=§H—(CH2)7-COOH [2 marks]
= uoYpecs 2 [

b) A new membrane lipid was isolated from a deep vent organism, Alvinella
bompejana. After alkaline hydrolysis, this lipid gave the following products:
! mole glycerol-3 phosphate, 1 mole of an unusual 18:147 fatty acid and 1 mole
arachidonic acid. The lipid which was extractable into a 2:1:0.8 methanol—
chlorpform—_water mixture, was also observed to be optically active. Draw the
possible skeletal structure(s) of this lipid. [8 marks]

Question 5 @ . A7 e

a) What’s the difference between RNA and DNA? [2 marks]

b) Using Adenine as an example, explain (using structures) the terms HI ’
. Deoxynucleoside [2 marks] W, N

ii.  Nucleotide [2 marks] e, R

c) DNA occurs as a double stranded molecule where G pairs up with C by forming
three hydrogen bonds (G=C) and A pairs up with T by forming two hydrogen
bonds (A=T). If one of the strands of DNA isolated from vibrio cholerae has the
following sequence AG‘G‘TCGAT‘TGGC, calculate the total energy involved in
keeping the two strands assuming the bond energy for one Hydrogen hond to be
4 kCal/mol.__[4 marks] :

H 0 | ' | ‘ )
o | e A AL AN
L _ s o
. o v
C~0 ‘ . Yo — (;/'))kQ/\

|

End of CHE 2112 Test 1 2016 otk s b

C
“John 1 vs 12” .
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Question 3

) Given the following tetrapeptide: Trp-Glu-Lys-Thr
a

Give the full names of all the amino acids and draw the full chemical structure of the
Tetrapetide, c t e it 3 = 8 marks/

W neane \rSPEo P\r\or‘\ Gludamic aced —Lgine - Threenin &

§ " Lf Q //‘O
\ \ { {
W}:%M HEA - g ‘“/\\ C_-—Q_/\\_Q._' ,-/\\_C_L\C;/

fu

' \ { \ e
ml LU M n—C -
W2 Chy \
A, A
i gﬂnz/
- \
ALN

b) Calculate the net charge of the tetrapeptide:
Tig ~Glu= Lyt -The i. AtpH2

2 marks
9 C 4O oss 22 Aet C\qu(&Q:(H)lr(mU’; e

+ C %\ o
ii. AtpH7

L __2-marks
LA T T At clege = Q\)f(W‘)‘—D

¢) Given the diagram below, ldentlfy the secondary structures and list 3 properties-of each
structure in the box provided.

"
iii. AtpH11. i 2 marks é k.
Aeh chergp = ()4 (AT -

6 marks
Secondary structure |3 properties
i. B N GV GRS "W W
sl = X - riq i Alndrd e

-3, COm\n acdg R wn
-\ SAM’\ awman g G\ €

d) et

\7‘2 et Euc.&\i\ Ol cw\h, acdle)
If\—QLQ;;lLQ&kl “\ N ‘U\ bofd (ndg) Liabuites &S{\Q
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//': /—‘w\‘
R G pat

Question 4

a) Define the following terms: | A
i. Epimer ' | i
i & @ cova P‘)M\ we ’/f\_\?)‘ @w\z:l C‘A&\Qt L Armatk
{K"\)lﬂ an C‘\’(\S\Ll a_& G. "J'j ONS (Lg\i;\,“twg \SL-J\\{ ‘;,Q b"‘(:\\\k_\'\'aiil g(\b—f\‘\f‘-\'\\'\i
ii. Anomer | . |
Tty W& QA Q@ pOuind) Whot giffRitutd U Svameh i @R
Gl Lo st fus ~oW quueg (Aot alood, (e O or PRl
ifi. Hemiketal 7 1 mark
e K a (Ovv\?owc\ (ﬁ-‘/'ﬁ\e A —~from Q. :
chon Of a4 I@Aene ol B glecls |
iv. Stereoisomer - ' 1 mark

e A gRROKOMEr (& Pne olach hay HR  gam® maloewled

e i ST A

R

S?:U' (:L, . \ ::‘:“d £ \'\’\/\C &\fu (‘!\\ r’g\jafi’\’\v;\& iO\A.'\'. Df\\/\j { .fl’\mﬂ &V\C\’E&L ; T\'\«f\‘f\/\(}.\f‘\ l-L 8
W AdCegemend (€ QlGugRuitd 0 lomi n spate) |
b) List 4 of the reactions that mono charides can undergo. 2 marks
— Enclitahon g

— Gaodedhon ¢
— Redwehon @
= Amin o hon

c) Draw the Haworth projection for E—D-Glucosamine (2 amino-2-deoxy-D-glucose).
Cii-OH 4 marks

[ Amino acid Trp  |Glu  |Lys | Thr

[ pKas 238 |2.10 [2.18 2.09
pKao 939 |947 |8.95 9.10
pKas (R group) 4,07 10.53

__END OF TEST
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The University of Zambia

School of Natural Sciences
DeparﬂnentofChenﬂsz

CHE 2112 Test 1 July 2016

Instructions
Time: 2 hours
_‘f‘v:;wer ALL questions. Total marks 50
Presi::ur hame, id an_d lab group on the answer sheet
your work logically, neatly and be brief in explanations.

Question 1
g:: etXFt)eriment 1, you were told to prepare a buffer solution of 0.2 M in acetic acid and
clate. Th‘_e buffer species were equimolar. (pKa2=4.76) T

a) Define the térm buffer. [2 marks]
b) Calculate the change in pH .upon adding 1.0. ml of 0.1 M HCI to 10 m! of this
solution. [8 marks] B .
Question2 ke @

Write in point format,salient features of a-helix secondary structure. [ 4 marks]

b) A fragment of an archaeal protein with sequence GIy-Asp-Cys-Phe-Arg-Asp-Ser
was dissolved in 25uL of two buffer solutions at pH 2 and pH 7 respectively.
What will be its net charge at these pH values? Useful pKa values are given

-below. [6 marks] .
[ Amino acid | Gly-o.amino | Asp | Cys | Arg | Ser-o Carboxyl |
[ pKa values 9.6 3.9 | 83 | 125 2.2 |

e

'Question 3~
\"\..- /

Starting with D-glucose:
a) How many linear isomers are possible for this molecule? [2 marks]

b) Explain the process of mutarotation usingA structures only. [6 marks]

7€) Using a simple bioéhemical equation, explain how Benedicts test vyill show

positive results for glucose. [2 marks] _
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>‘gQuesticn 4
a) Giy
ve the common ang short form name of the following compound.
CH3~CHao-CH= '
3~CHz CH—CH—CHz—CH=CH—CHz—CH=CH—(CHz)7—COOH [2 marks]

b) An . :
o ,:ﬁ‘)";f:smbrane lipid was isolated from a deep vent organism, Alvinella
Jana. After alkaline hydrolysis, this lipid gave the following products:

1 mol

arach;igly-m-?ro--'-3 DE’EM. 1.mole of an unusual 18:147 fatty acid and 1 mole

chiorof Onic acid. Th.e lipid which was extractable into a 2:1:0.8 methanol—
Oorm-water mixture, was also observed to be optically active. Draw the

possible skeletal structure(s) of this lipid. [8 marks]

Question 5

a) What's the difference between RNA and DNA? [2 marks]

b) Using Adenine as an example, explain (using structures) the terms

i.  Deoxynucleoside [2 marks]

ii.  Nucleotide [2 marks]

c) DNA occurs as a double stranded molecule where G pairs up with C by forming
three hydrogen bonds (G=C) and A pairs up with T by forming two hydrogen
bonds (A=T). If one of the strands of DNA isolated from vibrio cholerae has the

following sequence /)\GGIQGATTGGC, calculate the total energy involved in’
keeping the two strands assuming the bond energy for one Hydrogen bond to be

4 kCal/mol. [4 marks]

End of CHE 2112 Test 1 2016

“John 1vs 12”
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THE UNIVERSITY OF ZAMBIA
- SCHOOL OF NATURAL SCIENCES

2013 ACADEMIC YEAR
FINAL EXAMINATION

CHE 2112 INTRODUCTORY BIOCHEMISTRY Q

TIME: THREE HOURS St
P oy
1. Answer any five (5) questions &
2. Each question carries 20 marks

3. There are Four (4) printed pages in this examination paper

Question 1

‘/(81) Ex_plain 'the term buffer solution. Use HA/A™ as an example of the
acid/conjugate base pair in your explanation.

A) Calculate the number of grams of solid NaH,PO,4 and Na,HPO, that are
needed to prepare 1 dm®of a Q_L M phosphate buffer_,_gﬁal,j. Useful

information is provided below:

[5 marks]

NaH,PO, (120 g/mol), Na;HPO4 (142 g/mol)
[5 marks]

H,PO,= HPO]" pKa=7.2.

used as channels in bacteria and are almost 100 % B-

(c) Porins are proteins
pleated sheets are arranged in an anti-parallel manner.

barrels where the 3-
0] Using ‘_ﬁf':as the side chain, draw the structure of the B-pleated sheets,
highlighting the outstanding features. [5 marks]
-Ser-Lys-COO", forms part of the N terminus of

(i)  The tripeptide, "HsN-Glu _
' Salmonella typhimurium. It was solubilized in the

the porin extracted from

buffer in part (b) above. : :
Estimate the net charge of the tripeptide at the pH of the buffer in part (b)
[5 marks]

above.

pKa values for amino acids

pKa 1 pKa 2 pKa 3
(carboxyl) (amino) (side chain)
Ser 2.2 9.2 |
Glu 2.2 9.7 4.3 -
Lys 22 9.0 10.5
* 1
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-~ Question 2

“¥(a) Starting with the open chain- Flscher structure of glucose, show the process
of mutarotation.” “ [6 marks] .

(b) Fpr each of the following, explain in 3 sentences the most prominent
differentiating features.

(') Glycogen _ [6 marks]
(i)  Cellulose [2 marks]

(c) The following is the structure of a glycolipid isolated from chloroplasts.

a
Cc
b
H,C—
Hc::— N
= _.—CHQ
Name the
(i) sugar “a” [2 marks]
(i) alcohol “b” ' [1 mark]
(iii)  fatty acid “c” using IUPAC nomenclature and short hand notation
[3 marks]
o Wh
\% £

S Question 3

rovide the mechanism for hydrolysis of RNA under alkaline conditions using the full
structure of the dinucleotide AU. [20 marks]
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~ Questio, y
2 ﬁféi:j?hydrogenase is an en ‘
'actate with the help of NA zyme that catalyses the reduction of pyruvate to
DH. Consider the following half reduction reactions

Pyruva + 3
te + 2H* + 2> lactate E = .0.185V

N + + -
AD* + 2H* 4+ 2e" —>NADH + H* Ee 085

Gi , |
ven that temperature is 298 K, R is 8.314 J mol 'K, F is 96 485 J V"' mof”

(a i .

) Write down the overall equation for the reduction of pyruvate  [3 marks}

(b)  Calculate the AE® for the reaction in (a) [3 marks]
[3 marks]

(c) Calculate the AG®' for the reaction in (a)

PR .
( (d;)[j If the concentrations of pyruvate-lactate, NAD* and NADH are adjusted to
~— 0.002_ M, 10 M, 0.4 M and 0.003 M respectively, would you expect the ’
reaction in (a) to be spontaneous? Briefly explain why.
: [11 marks]

"> Question 5 ).
(a) According to the Michaelis-Menten equation, what is the v/Vn ratio when

[S] = 8 Kn?
[5 marks]
(b) If Vimax = 150 mmol/sec and K, = 2 mM, what is the velocity of the reaction when
1S] = 15 mM? [5 marks]

(c) For a Michaelis - Menten enzymatic reaction, k; = 7 x 10"/Msec, k-1=.1 x 10%/sec,
and k, = 2 x 10%/sec. What is the value of K;? [5 marks]

/ ""(d)k On the basis of the value obtained in (c) above, does this enzyme have a strong
affinity for its substrate? In just one sentence, explain you answer. [5 marks}

{

#
o
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v Question 6

(a) Draw a sketch showin

actlon g the effect of the following factors on enzyme

0] pH
(i) Temperature

[10 marks]

(b)  What changes to the structure of the enzyme molecule account for the
observed effects in (a) above? Be brief and to the point.
[10 marks]

S——

END OF EXAMINATION
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES

2015 ACADEMIC YEAR FINAL EXAMINATIONS

CHE 2112: INTRODUCTORY BIOCHEMISTRY
TIME: THREE HOURS
INSTRUCTIONS:

1. Answer any FIVE (5) questions
2. There are FOUR (4) printed pages in this examination paper

3. Each question carries TWENTY (20) marks

~ )

Question Vl/

ED/ Explain the following terms and/or expréssions:
i)  Endergonic reaction
i1) Coenzyme
1ii) Prosthetic group
iv) Entropy
V) Allosteric
[5 marks]

Assuming that you are given a solution of 0.1 M glucose -1-phosphate. To this

b)
' you add the phosphomutase, which catalyses the reaction:

Glucose-1-phosphate =glucose-6-phosphate

Does. this reaction proceed as written, and if so, what are final

i)

- concentrations of G-6-P and G-1-P? [10 marks]
ii) What cellular conditions would allow continuous production of G-1-P?

' - | [5 marks]

AG” = - 1800 cal/mol; R = 1.987 cal/mol/K
o Y
Dl - g O ¢
1
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' %l\- Question 2

a : .
) For an enzyme that follows Michaelis-Menten (M-M) kinetics, calculate the ratio
[5 marks]

of [S] to K, when velocity is 75 % of V.

a Starting with the basic M-M equation, show that v can be expressed as a function
[10 marks]

of v/[S] and draw an estimated curve for this relationship.

c) Consider the zl,gwing reaction:

¢ ‘ N5 ) :
CsH;05 (pyruvate) + NADH + H* ' ey C;H;05 (lactate) + NAD"
e s : B - i )

LS

i)  What class of enzymes catalyzes this reaction?

\%Quest{on 3

(2) Explain how the following properties of water help in sustenance of life.

i) __ High heat of vaporization
ii) High specific heat capacity
iii)  High heat of fusion

iv) High dielectric constant _
v) - Hydrogen bonding

State the Henderson-Hasselbalch equation.

(b

[2 marks]

ii) Yes or No; would monitoring pH (over time using a pH meter) be-an

‘appropriate method for measuring the rate of this reaction? Explain.
[3 marks]

[5 marks]

[3 marks]

).
N
@ c) Using the equation in (b), calculate the pH of a buffer composed of 0.060 mol

NaH,PO4 and 0.040 mol Na,HPOj in a total volume of:1.00 L of aqueous solution,

given
H,PO, + H,O — HPO; +H;0" pKa=6.76
, @<ed, 7 @{)
d)) Consi

the nearest whole number) in part (c).

Gly-Asp-Cys-Phe-Trp-Arg-Gly-Asp-Ser

[6 marks]

der the following nona peptide dissolved in the buffer at the pH (rounded off to

Amino acid N-Gly | Asp | Cys Arg Asp | Ser-C

pKa value 96 | 39 | 83 | 125 | 39 | 22

i) Draw the peptide side structure [4 marks]

it) Calculate the net charge of this peptide [4 marks]
2
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| "f ' %g Qllestion 4

a )
) Consider glucose and galactose.

D ; - :
Explain the term epimer using open chain structures of the two sugars.
i1) D [4 marks]
raw the anomeric forms of glucose [6 marks]

b o _
)} The following disaccharide was subjected to exhaustive methylation followed by

warm acid hydrolysis.
~ . CH,0H
g Vi

1. CH;O0H
0N CcH;0H + A + B
2. Warm HCI

‘ / OR N\
) Name the type of the boncuabeled C.

ii) Why is methanol a product?
1i1) Draw and give names of the methylated products A and B [6 marks]

[2 marks]
[2 marks]

% Question 5
a) Give the common name and skeletal structure for the following compounds.

:"/]O" )

i) CH3—(CH2)14—COOH A [3 marks]
ii) 18:3(4 %1215 [3 marks)
b) Consider the following triglyceride
el
-l
H,C—0—C——(CH,),,—CH;
|
H_C-‘O—C_(CH2)16"CH3
Hzc—o_ﬁ—(CHz)m—CHs
0
i) True or False, this structure is optically active? [2 marks]

Using the structure in part b(i) explain saponification (alkaline hydrolysis)
and give names of products upon complete reaction. [12 marks]
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Cf«" Question ¢

%‘ a) USing Tru
how vira] 1‘;‘32 (;I;V) an analogue of CTP as an example, explain the mechanism of

cTp before Tv) nthesis is blocked. (Hint: show the normal incorporation of

[10 marks]
Tv NH,
N)j/F
o o |
ofodod—o_ o
& & & \‘g"ﬁ
5-ATGCAAG—OH e
3-TACGTTCGG A-5 o
b) Write in point form the features of B-DNA. [S marks]

¢) A sample of DNA purified from Mycobacterium tuberculosis contains 15.1%
adenine on a molar basis. What are the percentages of other bases present?
: [5 marks]

END OF EXAMINATION
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© ! THE UNIVERSITY| ot | ZAMBIA
o A
SCHOOL OF NATURAIJ SCIENCES -

ALy THREE HOU{{\S
* INSTRUCTION& ‘_ ; . s

: ; I1:.115\;((er any FIVE (5) ques’aons et
nsure that there are FOUR (4) prmted pnges m th

3. Each quesuon cames TWENTY (20) marka

NOTE Usefl.ll mformatxon is on page 4 "—' . #

QUESTION1 .
a) What is the sxgmﬁcance of hydrogen bondmg on the propertles of Water?.
lee_ loveen tn c/

\/ b). The K, ofform1c acid (HCOOH) is 1 77 X 10'4 at 25 °C What is the pH6fa0.01M -
3 solutlon of formic. ac1d in water‘? R Useder, N [6 marks]

@Y ou were mtroduced to the acet1c ac1d- acetate buﬁ'er -as part of the laboratory
expenments Suppose a buffer solunon was 0 2 M in ace’ac acid and acetate. The buffer

- $pecies are equimolar,
-’ Calculate the change in pH upon addmg 1 0 ml of{) 1 M HCl to 10 ml of this solution.

‘What assumptions do you make to arnve ata mathematlcally correct estimate?
(KaOf acetic acld is 1.75 x 10‘5) A S 12 marks]

_quismions

' a) Draw the structure of the polypeptlde Gly-Trp-Tyr—Gln-Arg at. pH 7 and calculate the
net pharges at the followmg pH values L

pH20
i, pH1L0 R s L
, : IR , [12 marks]
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b) Dl'awthc A : AR Nk
oss ib

22, - bossible structure(s) of tfle above polypeptldc that: Blou would observe atpH | i

A e O N P [3marks]

" e

| Y QUESTION 3@ i
| | |

|
[l

‘a) Ribose sugar can undergo cyclization to tlortn
. RNA, what other components are requued t

b) Draw a dlagra.m lllustratmg the sugar phosphzit
Guanine and Cytosme :

‘ ‘__' c) An 1solated strancf (+) of DNA has a base comJi'
™ DNA polymerase into a complimentary strand ‘

1. What is the expected composmon of b
DNA polymerase? -'

[4 marks]

1.

v QUESTION 4

a) Define alipid. I L, T e [Z,marks]. -

active phospholipid was sub_]ected to hydrolys15 to yield 1 mole D/(ﬁ) L

" b) 1mole of an optically
2A9 12)

of glycerol, 1 mole of phosphate and 2 moles of a fatty acid (16:
i Draw the possible structire(s) o of the original phosphohpld.
ii. Whatis the IUPAC name for the fatty acid? - -

ride would be in the makmg of soap, what is this process .

o) One use of a d1acy1glyce
this’ process using the structure you: have drawn:in‘part’b’ (@)

“ referred to as? Tllustrate:
S oo N (’\‘ Coon \'V" =

[6 marks]

se - G%\FA cof
S O(\b‘\, ¥ -\fda&“"‘ \ ,air"\’y
&-° L ow 2
HZC N “q ‘Qo\’@ﬁ |
o ' :

..C)—"C p \ o
MP lf": A'__\d‘n’c-o
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(a) btatewh R SR :
ether each of the statemen 5 ‘belo
Wi TRUE
Why in' ONE. sentence only, ' 3 FALSE
= The total énergy

.....

Isocu:rate + NAD*-*— 2e + 2H+ —) a—ketogluta:ate + COz + NADH e

- [1 mark]
7Y (2 marks)

Identlfy the reducmg agent in th:ls rcacuon

i
ii.  Calculatc the AE® for the reactmn i
(i, Calculate the E°’ for the convcrsmn of a-ketoglutarate to, 1soc1trate glven that

. the E°’ for the conversion of NAD*-6 NADH is — 0.32 V. 3 mnrks]
Calculate the change in enthalpy of the forward reaction given that the changc ‘
in entropy is 3000 J.mol" X! when the ¢oncentrations of isocitrate, NAD* HY,

_ Wr—
L
l_,,"’;_,ﬂw\eﬁ a-ketoglutarateandNADHareO6MO4M OOOOSM 08Mand07M ‘ :
N _-,XV" respectlvely Note that CO2 concentratlon is not needed in the calciilations. | e
e\ - a}jf& . " I_-’ ; - [8 m ﬁ kS] 1

éf(}UESTIONé o RARTREREC N A*C\ o+ P\\GQ
| Q‘—"-—@\\m\u%g

- a) Explam the followmg terms and expressions:
i.  Prosthetic group '

. ,‘ii. Transmon state _—
Un‘competltlve mhxbmon

b) Show by means of an appmpnately labelled graph what most hkely happens to
the rate of reaction of a human enzyme‘ when the temperature is mcreased

°C to 90 °C? Br1eﬂ explain your answer. :
gradually from 15. 0 A y ‘.p N ,[4marks]
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L) -
b
', . : ) ! (- sy : i
: A e R R L e : !
- ! iy PR IE A | g
. 1 ) T bt * ] g 3
. A~ j. Yoo TR

| :; ; C;’P:X aad complete the following/table usirig the Michablis!Menten equationto |-~ | % -
“alculate the missing values of substrate concentrations A, B, C and D if Vmex=3 . .
. : ; S s ai i B ++-[10 marks]

' ) ’-‘lmol/m.in, v N ) PO i
AR RUGRE SR e B R
R S N RN (T 77iY Y A b T

. 4 f : 7 -] . A __! :
Co. : 10 1:2;:- Y
! . Vi \ U j'},l
1.7%. ; L

S| al @ »t

RN ¢ . » . . i sbhe s it A R
i fa B e " et wgn {‘ B A

. o END OF EXAMINATION
o b e RUR TR S s e <sde e R SRR ~" Eseth

4
oAl
N et

-

USEFUL INFORMATION 2 \ O €

Gas constant, R . 8314Jmolik!
Iaraday’s constant, F "~ 96485 1.V .mol”!
B-DNA _ Rise pef base pair, 3.4 A’

Pitch, 34 A’ e e
- Diatneter, 20 A =
A-DNA . Diameter, 25 A d T -
Z-DNA ) Diameter, 18 A
Amino acid pKa-v'a:Iues |
Name of amino acid | pKa1 | pKa2 Ka3 ~ W
| D Ll Sl Ll - S AR
’ Glycine - ?HT 'L.' qu \‘f“ 2.2 | 9.(4‘ -
Tryptophan _, . . 122, (94, |- g -
2.2 9.4 10.46 -4
: EEER

Tyrosine \y o' a .

- . | Glutamine. . i 122 194 feir i | oot

Argini i3 ' 22 4 12.48 '
gmmee\(\—i "}?\\ b 94’ — 4 = +_\ O V\

WS tagt g
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a. Buffermg regwns S
b. pl, pKdl Zand3 E a a 1
c PHm o ‘.' DL et e tE L E . .

' "t'_.-‘i .'_wu
i |
165 F

= _ 1%
4. (R -

A5 F
H.. [.... .. I v i
O P :
b ok . ﬁi" f,-n S 3‘0 v 2;5:;, RRaiad ek ‘ . i ) »
_ Blue drcles Indicaté o(uyc}ﬁdtbﬂ’cdavd : Blus circles Indicite NaOH
bufferirg regions . . . bufTering reglons
5. Amino acxds can have aDor L onentatlon, draw a diagram lllustratmg thlS. _Whlch a..uuo

“acidhas rieither Di nor L'?Gly (Mu‘rmjlmage forDand L QIagram) 5

o o

1.
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.NH2 l'l 95 —=COOH N IJ'IOOC.*.---C,;z ‘
- ! | ¥
d 1[ g
Hoo o T : H

- Give exa N IR
mples of 3 “Qn'Standav]‘d amino acxds and then‘ uses Dopamine. hlstamx?e, :

. Whatare the main features. nf the a-helnx and the B-shee_fs’; t4 pomts for each) :

1900

|

desmoslne. hydroxyl proline, GABA ' | - I
Give, an examp]e of a protein that be_st describes the term “quaternary structure’ '

* B sheets 5 : .
) o Translauanal dlstance between amjno_ acid‘ eexdues i‘ang""

o Side chains alternate in trans mamier
o Main structure in fibrous proteins
« «ahelix o
o 3.6 amino acid residuesper turn.
1.5 Angstroms translational distance between amino acids -
pitchis. equdl tu 5.4 angstroms
Main secondary: teature in globular pr oteins
Glycine, prolme and other bulky sxde chains in continuous cham .

break the helix

O 00O

9. Whatis the net charge of the polypeptldes shown below at pH 2,7 and 12"Wh1ch amino

acid chains are charged at physnologxcal pH?
a. Leu-Asn-Gly-Arg-Ser-Glu-Ala-Ile

Amino acid N-Leu Arg ~TGlu |lle-C |Overall |
WY ) o e . ‘ Charge
pKa values I T 9:6-' - -1125 T42 (22 |« -
_ Charge at le W L S 0. 10 +2
[chargedtpH 7. SRS B s iy A B Wi o T 0
Charge at pH112 . '\ 9_ Tt +1 7 -1 -1 -1 ‘
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Plis Ammo acid

vt Sy 3 Explam the ;s,milaﬁties and dxﬂ'erences In bonding in the alpha helix and beta sheets

..'-JMge“atm 0. 4.1 ';1'. =5

b N= Asparagine,polar e
_ T K=l.ysine,H bond donor,polar' LY
: E= —Giutamate,ﬂbond acceptor,polar

= ‘*11. What is the dxﬂ'erem:e between cysteine and cystm

[N

b Val lle-Thr-Arg.

Glu-Arg—Thr-Asp—Glu-Phe-

reat Hz'

ing polyp eptlde "YRWQNKED

g ldentify which are polar, non-polar, whlch'can

- acceptH bonds. :
" g tyrosine, Hbond: donor, Hhond accepto .
-'Arglnine,H bondﬂonor, polar :
T ws Tryptophan Polar R AN ORI
Q Glummlne,ﬂ bond dono:-, Hbond aeceptoi“

D= Aspartate,polar
s'F Phenyalanlne, Nonpolar

7

.. side. chain - CH2-SG, In, the Ppresence of roXyg
another cystcine ro_r_ming a disulphlde bond
cystme. P et b
+12; 'i‘he term structure underlies functlon is commonly used thh reference to protems,
. what does this mean7'l‘his would imply that the i‘unction oi' any protein is. related to
its 3D structure (unique folding to give natlve structure) So its. amlno acid '
sequence (primary structure) detei‘mines 3D stru

Similarmes. Bonding in'both hydrogen bondlng e o
Diﬂ'erences. Bondmg between two sheets el ey o
Bondingwithln one heux LRI e o T,

R |

-t ST L . . R 3 . o
4 . - ) . .
. . : -, o e . . .. - g i
. . . L o . P P e . AT s .t 4 G - RN . N ) o -l
= . g ‘. . . N i . 8 T . ety “ N el " -‘:: N v :'“&l“)::’
ML Pove 3 N - o . - - RS O EW e ) EREERR (S _._\i-\.“;‘? s
i ¢ L v delale e 0 .t Y ER S TN . b RS - . i . SRy
2 5 P D o g .
Aty - RERCIE R AP " O T Gk
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PO LI iE
w0 -Namin . el :
RN i chaig‘ convgntlons m Biochemisn—y comm
- : : ; . ns
Lot : g s bpsing an appropnate a&mno ac1d dguti g

L SRR R A o4 . ;
RSAEE S SRR - . L R W

' ;-;10_5 XS
~T. he backbone.

-

-a_cid residues'm ﬁﬁsﬁpmtéin;!fiﬂ;éxii—dééi;x ;
: ‘]eng;:h’N_umber of; res’ldues*- wwelght <

ié‘ Compare and contrast collagen and keratm.' Fulljf deécrlbe thesecondary structures of i
ach. What arethe quatemary structures of each? Fully descnbe how the structure is
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20 le el
Py = examp]es and uses: df proteins ;_hat are;

; Catalysts- any cnzyme used /de8c
il ‘Structural | componentshair,naﬂs
e !, ; (col]agen}mré

There are many pos$ible examples here, please' i
reasonable. ¥

_hYdrogen bonds: covélent and non covale

M_cax;boxyethyl phospfil___ “(ICEP) and B-nier Ptt eth

|

s

- %

ch romatography f \

' 24.Wheri can Edman degradatnon be used and ‘how: sdo _ 1t_work?Separatlng protelns o
- ‘same-size. Makes-use of of phenyl !sothiocyan' te

(PTC) reagentthat reacts with . !
: ol n . e \
only the amino acidat the amino. termfrial of: tident ‘bond is fo;n:r&b:;::ih e
" “"the terminal amino acid and the. phenyl lsoﬂltocyanatgﬂydrolysis ]o o“; omhic
.amino acid, now boundtoa phenyl isothlocyanat derivative;isre e::e oct ofthe. .
rest ofthe peptldes'l'hls shurtens the peptlde yypne amino acid but he :

1]
SR ue : R
. . . .
- . i
. . - . E
. S ¢ T
® . DR
X¢:
- i 5
- L4 . ...
. td . . * . =
. N [ " e Qo i)
s . P AYES oyt A YA S
$- . SR st e 200 4 X PR LI PR
. P - T e s AT =ik RN
. o Nty T W A Y R L e i S SR LY T LR SR R
Ty b i, e T e L. LT e . Sre .
PR Al '!’._) l.'J . . 1 t 5 i . RO
2 " * . g e
. .
L] T . 3 3
v . P . T L
; ' B D
- P 2 A
- 1]
@
'
\
.
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T I o Crr e

Protem:Structure_. o 1

T m————

1 Hlerarchlcal Struclure of Protems.

! s

2 :?)ine?gld;;re CC;Valﬁnﬂy linked through peptlde bonde to. form lmcar
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eaction, where the carboxyl group reacts with the

undergo a condensationr
tion of this peptlde bond (see box in figure) produces a dzpeptzde and a A
pole moment p=3.7 Debye for the peptide bond (arrow in figure).

f the dipeptide is dxfferent from the pcpt1d° bond dipole moment
ind carbpxyl groups.
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CHE 2112 . lr\TRODUCTORY BIOCHEMISTRY
TIME: THREE HOURS '
1. Answer any fi f'VO (5) questions | N
2.- Each questfori carries 20 marks |
acldlconjugate basepalr in. yourbxplanatlon
(b) Calculate the number of. grams of solld NaH2P0~4 nd NazH Ot
needed to prepare 1dm®ofa0.1M phosphate 3 er, pH 7 ‘l.‘Useful
mformatlon is prowded below:* . "—:"“ _ %9’1. W\
H2P0'4¢ HPOf' pKa=7.2. NaH2P04 (120 g/mol) NazHPO4 (142 glmol) T IR
| él Q) 5 [5marks]
‘ 00 % p- '
roteins used as’ channels in bacteria and are elmost 1
(C) E:::’glss?/zﬁ;e the B-pleated sheets are arranged in an antr-parallel manner
i Using ‘R’ as the side chain, draw the structure of the B- pleated st{m:e't; rks] |
' hlghhghtmg the outstandmg features
' + .
N it of the N terminus of .
i e, 'H N-Glu-Ser-Lys-COO , forms. pa
. I\Zer}gﬁﬁgﬁracteé from Salmonella typhlmunum lt was. solubrhzed in the |
¢ rt (b) above.
té:ftftenrl g;eptahe(n;t charge ‘of the tripéptide at the pH of the buffer |r£5p:1(; s‘t:l]
~ above. 2020 Xk Lloseg, -
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