ANALYTILAL  CumE AUEliST 2 F, 2005

1. Any measurement that secks to determine the concentration of an unknown via an
instrumental technique such as electrochemistry, spectroscopy, mass spectrometry, etc.,
relies upon a relationship between the actual measured quantity (e.g., a voltage, a current,
absorbance/transmittance) and concentration. The following questions relate to the error
associated with the measured quantity and its relationship to the resulting error in
concentration. We assume here that there is only random or indeterminate error.

a) A common means for determining the concentration of an analyte species in solution
is to compare the radiant power of light transmitted through the analyte solution, P,
with radiant power, Py, transmitted through a solution with negligible analyte present
(i.e., a blank solution) under otherwise identical conditions. What is the relationship
between concentration, C, in the limit of low concentration, and P/P¢? Define all

symbols that you provide. (5 pts)

P/Py =107¢ P = radiant power transmitted through the sample solution
Py = radiant power transmitted through the blank solution
b= path length
£ = molar absorptivity
Also, P/P, = ¢23¢50
C = (-log P/Py)/(eb) or C = (-In P/Py)/(2.3¢b)

Equivalently, since logu=2.303 Inu

Also, P/Py=T T = transmittance
A=-ogT A = absorbance
A=¢bC
C = Al(sb)

b) Provide a relationship for the sensitivity associated with this measurement? (10 pts)
sensitivity = d(P/Po)/dC note: d(e")/dx = edu/dx
d( e—2.3(EbC)) /dx = (_23 Sb) e—2.3(8bC)

¢) For a fixed error in the measurement of P/Py (i.e., sepo = constant) what is the
relationship between the error in concentration, sc, that arises from the error in P/Po?

(10 pts)
sc = (Sp/po)/sensitivity

sc = (Serpo) [(<2.3eb)e ™0 = 2302 3¢b)



d) For sppo = constant with concentration, draw the shape of a plot of so/C versus C (i.e,,
a plot of the relative concentration error versus concentration). (10 pts)

Scf C

¢) Based on the dependence of relative concentration error on concentration in this type
of measurement, where is the relative concentration error minimized? (S pts)

a) at low concentration

b) atintermediate concentration

c) at high concentration

d) relative concentration is independent of concentration in this measurement
answer: b (see plot of part d)
2. The titration of 50.00(x0.02) mL of a strong acid required 42.4(x0.2) mL of a

0.1034(£0.0002) M strong base to reach the equivalence point.
a) what is the concentration of the strong acid? (5 pts)

C = (0.0424 L)(0.1034 M)/(0.050000 L) = 0.0877 M

b) what is the error associated with the value of the acid determined by this
titration? (Show how you arrived at the result) (10 pts)



s 2 2 2
Sy _ ( 0.02 J{ 0.2 J (00002 _ ) os
y Y\5000) \424) 101034

= (0.005)(0.0877 M) = 0.0004

y=0.0877+0.0004 M

3. The EPA monitors contract labs that analyze environmental samples. A standard
sample containing lead at a concentration of 16.40 ppm was sent to the contract lab
for analysis. The contract lab measured the standard sample 6 times and determined
an average concentration of 16.23 ppm with a standard deviation of 0.1378 and a sum
of the squares of deviation from the mean of 0.095. Does the contract lab’s method
show bias at the 95% confidence level? Show the work you use to justify your
answer. (10 pts)

x— u 1623 1640
y B 0137/
6

ts95=-2.57 -3.03 <-2.57, bias is indicated

=

4. The behavior of an enzyme catalyzed reaction is often consistent with the generalized
mechanism

k; k
E+S =—=ES — P+E
k4

where E is the enzyme, S is the substrate, ES is an enzyme-substrate complex, and P
is the product.

a) Two scientists are associated with proposing this mechanism. What are their last
names? (5 pts)

(Leonor) Michaelis and (Maude) Menten



b) The relationship that gives the rate of product formation, v, (sometimes referred to as
the velocity of the reaction) is given below:

VS
Ky +15]

In terms of rate constants and concentrations, what is the relationship for the
maximum rate, Vmax? (5 pts)

Vmax = ka[EJo

¢) What conditions will make the measured rate pseudo-first order in initial enzyme
concentration? (5 pts)

= VualS] _ KLELLS]
Ky +IS] K, +[S]

when [S]>>Ky, vV = K1 E],

5. The determination of an analyte of interest was accomplished by reacting it with
excess iodide, T, to form triodide, Iy, with subsequent quantitation of triiodide. The
determination of triiodide concentration can be accomplished via a variety of means,
including potentiometrically.

Bs0.=0.536 V, [I]=0.202 M, Iy + 2¢ — 3, RT/F = 0.0257 V-M", Egcg= 0.244 V
a) Write the expected relationship between cell potential, E.qi, and triiodide concentration

if the potential of a platinum electrode placed into the analyte solution is measured
against the standard calomel electrode (SCE). (10 pts)

I |
B, =B - Irf 0.536 - (0.0128)(31n(0.202) — n[7;
3 nkF iIS_l
-13
E,, =0.536V - %m%—_]]—— scr = 0.354V +0.01281n[/; ]
3

b) What is the mathematical relationship between the random error associated with the
cell potential measurement, sge, and the resulting error in concentration, s,
assuming sgen t0 be constant with concentration? (10 pts)



Sc = Speep/Sensitivity

sensitivity = dEqa/dC = 0.0128dIn[Is Yd[Is ] = 0.0128/{I57]

sc = 5] SEoelt/ (0.0128)

Useful relationships:




Degrees of

Freedom Degrees of Freedom (Numerator) _
{Denaminator} 2 3 4 5 6 10 12 20 w
2 19.00 19.16 1925 1930 1933 1940 1941 1945 19.50
3 955 928 912 901 89 879 874 866 833
4 694 659 639 626 616 59 591 580 563
5 579 541 519 505 495 474 468 456 4306
6 514 476 453 439 428 406 400 387 3.67
10 410 371 348 333 322 298 291 277 254
12 380 349 326 311 300 275 269 254 230
20 349 310 287 271 260 235 228 212 184
o 300 260 237 221 210 183 175 157 100

© 2004 Thomson - BrooksiCole.

TABLE 7-5

Qe Reject if @ > Diyi)

Number of
‘Observations 990% Confidence 95% Confidence 999 Confidence
3 0.941 0.970 0.994
4 0.765 0.829 0.926.
5 0.642 0.710 0.821
6 0.560 0.625 0.740
7 0.507 0.568 0.680
$ 0.468 0.526. 0.634
O 0_.437 0.493 0.598
10 0412 0.466 0.568

#*Reprinted with permission from I. B. Rorabacher, Anal. Chieni., 1991, 63, 139, Copyright 1991

American Chemical Society.

© 2004 Thomsoh - Brooks/Cols



TABLE 7-3

Degrees of
Freedom 80% 90% 95% 999, 99,9%
1 3.08 6.31 12.7 63.7 637
2 1.89 2.92 4.30 9.92 31.6
3 1.64 2.35 3.18 5.84 12.9
4 1.53 2.13 278 4.60 8.61
5 1.48 2.02 2:57 4,03 6.87
6 1.44 1.94 2.45 371 5.96
7 1.42 1.90 2.36 3.50 5.41
8 1.40 1.86 2.31 3.36 5.04
9 1.38 1.83 2.26 3.25 478
10 1.37 1.81 223 3.17 4.59
15 1.34 1.75 2.13 2.95 4.07
20 1.32 1.73 2.09 2.84 3.85
40 1.30 1.68 202 2.70 3.55
60 1.30 1.67 2.00 2.62 3.46

% 1.28 1.64 1.96 258 329

© 2004 Thomson - Brooks/Cole

TABLE 7-1

Confidence Level, % z
50 0.67
68 1.00
80 1.28
00 1.64
95 1.96
095.4 2.00
99 2.38
997 3.00

99.9 3.29

& 2004 Thomson - Brooks/Cole



Biochemistry Cumulative Examination
Title: Signal Transduction

August 27, 2005

1. (15 pts) Provide brief general definitions for the following terms.

(1) RNAi
RNA interference (RNAi) is a process in which double-stranded RNA
triggers the degradation of a homologous messenger RNA (sharing
sequence-specific homology to particular "target" mRNAs).

(i)  Antagonists
Substances that bind to a receptor, but fail to elicit a response.

(iii))  Desensitization
Adaptation to long term stimuli by reducing their response to them.

(iv)  GTPase activating protein
An enzyme which assists in the hydrolysis of GTP to GDP.

W) SH3 domain

Src-Homology 3 domain is a domain commeonly found in tyrosine kinases.
It specifically binds ProX-X-Pro motif.

2, (40 pts) Provide concise answers to the following questions.

(i) Why receptor tyrosine kinases possess multiple autophosphorylation sites,
compared to cytoplasmic kinases like Src and Abl, which have only one
autophosphorylation site?

Receptor tyrosine kinases provide a platform for different signaling
proteins to come together upon stimulation. By autophosphorylating
multiple tyrosine residues, they provide binding sites for different SH2
containing proteins. These proteins when assembled upon the receptor
interact with each other and thus turn on different signaling cascades.
This mechanism is absent in cytoplasmic kinases like Src and Abl.



3.

(iiy ~ What is senescence?
A stage when cells stop dividing.

(i)  Src kinase gets phosphorylated at Y416, is this event stimulatory or inhibitor.
Explain the mechanism.
Phosphorylation at Y416 is stimulatory, because it opens up the catalytic
site that binds ATP.

(iv)  Mutations in G proteins active sites are often oncogenic, Explain a plausible
mechanism.
Often mutations in G proteins break the on/off control provided by GTP
and GDP binding respectively. Since the cellular concentration of GTP is
10 times higher than GDP, more often GTP is bound in the active site,
thus making the protein oncogenic.

(v)  What are the main kinases that constitute the M AP kinase cascade?
MAPKKK, MAPKK and MAPK.

(vi)  IfrasGAP protein is degraded by RNAI, predict the effect on G protein
signaling pathway when it is specifically activated?
It will be constitutively activated.

(vii)  Define the functional consequences of activating Ras with GTPyS versus
GTPasS.
GTPyS will activate it constitutively, whereas GTPaS will behave just like
GTP and will get hydrolyzed to GDP over the course of time.

(viii) What is the molecular target of Gleevec?
Ber-Abl

(15 pts) Explain briefly.

(1) Define WW domain,
~40 residue module that binds proline rich sequences on target proteins.

(i1) What is the function of islets of Langerhans? :
It is an endocrine gland that maintains energy metabolite homeostasis.

(i)  What is the function of 2 PLCPB?
PLC§ are activated by heterotrimeric G proteins and hydrolyze PIP2 to
IP3 and DAG.

(iv)  How are PLCf and PLCy activated?

PLCB are activated by heterotrimeric G proteins and PLCy is activated
by protein tyrosine kinases.



)

What are the hallmarks of cancer?
Uncontrolled proliferation.

4. (30 pts) Provide concise answers to the following questions.

®

- (i)

(iii)

(i)

)

Explain the molecular mechanism that leads to bubonic plague.
The Bubonic Plague is a disease that is caused by a germ called Yersinia
pestis. It is spread to humans by fleas from infected rodents,

EGTA is a chelating agent with high specificity and affinity towards calcium.
How would EGTA microinjection affect a cell’s response to (a) vasopressin
Vasopressin acts by elevating cytosolic Ca** to 10°® M, activating PKC.
EGTA injection will block vasopressin activation.

b) glucagon?

It should not affect the response to glucagons, which use cAMP, not Ca**
as second messenger.

Explain two key differences between Jak/Stat and Receptor Tyrosine Kinase
pathways?

Jak itself is not a receptor kinase, it binds to cytokine receptor which is
stimulated upon binding cytokines. Receptor tyrosine kinases (RTK) bind
ligands themselves.

Jak kinase phosphorylates Stat which is a transcription factor. RTKs
usually do not phosphorylate franscription factors directly.

Both kinases and ATPases require ATP as a cofactor, how do they differ?
Kinases use ATP to phosphorylate the substrate proteins ata Y, Sor T
residue. ATPases hydrolyze ATP to ADP and release energy that is used
in the cell.

What is the key difference between PTP and PTEN?
PTP is a tyrosine phosphatase and PTEN is inositol polyphosphate 3-
phosphatase.



-Answer Key-
Inorganic Chemistry Cumulative Exam
Purdue University
August 27, 2005

Question 1:

It's a d-d transition. The octahedral compound [Ti(OH,)s)** has Ti in the +3
oxidation state, with one d electron. This one d electron moves between the ¢, and fo, set
of orbitals in the octahedral field splitting scheme.

Question 2: '

The CI' and T ligands each have a different effect upon splitting of the crystal
field. CI is a stronger field ligand than T, thereby creating a larger energy gap and a
different color of light to be absorbed.

Question 3:

Although TiBr; has no d electron, and hence no d-d transitions to bring about
color, there are bromide-to-titanium charger-transfer bands. These charge-transfer bands
are in the visible region, thus giving this compound color. -

Question 4:

Ethylenediaminetetraacetic acid. Consisting of 4 carboxylate and 2 amine
ligands, EDTA is a very strong chelator of metals. EDTA is used often when a generic
strong metal chelator is needed.

Question 5:
Paramagnetic metal ions have unpaired electrons and diamagnetic metal centers
do not.

Question 6:

The chelate effect states that a ligand with multiple donor atoms will bind to a
metal center with higher affinity than monodentate ligands. For example,
ethylenediamine (H,NCH,CH,NH,;) will bind to a metal center with a significantly
higher affinity than two ammonias. The driving force for the chelate effect comes from
increased entropy in the system. For example:

ethylenediamine (“en”) + M(OH,); — M(en) + 2 H;0
increases entropy by starting with two molecules and yielding three. Whereas:
2 NH; + M(OH;); — M(en) +2 H;O
begins with 3 molecules and ends with 3 molecules.
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