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Cume Analytical Chemistry
April 29, 2006

Aspects of Quantitative Analysis: Liquid-liquid Extractions

1. The distribution constant, Kp,, is defined as the ratio of the species concentrations of a given
analyte between the organic and aqueous phase. This is an equilibrium constant.

a. If K, is 9.8 and the aqueous concentration of the analyte at equilibrium is 3.2 uM,
predict the equilibrium concentration in the organic phase.

2. For situations where the heterogeneous extraction equilibrivm is coupled to
homogeneous equilibria in some of the liquid phases, the overall extraction is described
with the distribution ratio, D. It is defined as the ratio of the analytical (total)
concentrations of a solute in the organic and aqueous phases at equilibrium.

a. Is the distribution ratio, D, an equilibrium constant? Please discuss.

b. Write down an expression for D for a weak acid HA as a function of the distribution
constant, K, the pK, in the water phase and the pH. Assume the acid does not dissociate in
the organic phase.

c. Calculate K, if log D = -3.2, pK, = 4.5 and pH = 6.5.

3. To facilitate extraction of metal ions into an organic phase, an excess of metal chelator can be
added to the organic phase. Consider, for example, the chelator 8-hydroxyquinoline, HQ. It
interacts with divalent metal ions, M**, to form the complex MQ, in the organic phase. You can
neglect the formation of this complex in the aqueous phase.

a. Write down the overall balanced extraction equilibrium reaction and associated
equilibrium constant expression for the extraction of M** by HQ to form MQ,.

~ b. Write down the appropriate relationship for D as a function of the overall equilibrium
constant and the pH.

4. Optical ion sensors can be described in analogy to liquid-liquid extractions. In one example,
the oil-like sensing phase contains an electrically neutral receptor L for the analyte ion M* and an
electrically neutral receptor/indicator Ind for the reference hydrogen ion H.

a. Think about and propose other components needed in the sensing phase and sketch how
the selective extraction of M" may be coupled to the extraction of the reference ion H" to
make this sensor work (in absorbance mode).

b. Write down the appropriate expression for the overall extraction equilibrium and the
equilibrium constant.

¢. Discuss how the extraction is influenced by pH and by the pK,of the indicator, Ind (pK,
defined for the organic phase).



Biochemistry Division Cume Membranes and Membrane Proteins
April 29, 2006

1. Define “critical micellar concentration” of a detergent or lipid. What role does
the CMC of a detergent play in the purification of a membrane-bound protein and
it's reconstitution into artificial membrane vesicles? What type of CMC for a
detergent is preferred in a typical reconstitution experiment, and why?

2. Define a lipid raft. What is the size and composition of a raft. What are some
proposed functional properties of rafts? How would you design an experiment to
test the importance of the raft in any one of these functional properties?

3. A fluorescent group is attached to a component of a lipid bilayer. An intense
laser pulse is focused on a very small area to permanently destroy (bleach) the
fluorophore in that area. Fluorescence microscopy can be used to monitor what
happens after the laser pulse.

A Describe what would be observed after photobleaching is complete
and

give an approximate time frame for these events.

B. What can be learned about the membrane and its components from
this

experiment?

4. At times, it is biologically important for a lipid in a membrane to move from one
layer of the lipid bilayer to the other. Discuss two possible mechanism by which
this could occur and the energetics involved in the process.



9. The following scheme describes a common mechanism for transport in a
prokaryotic cell membrane. In this scheme, Y represents a transport protein, H,
a proton and S a transport substrate. In the transport cycle, (which is fully
reversible), a proton binds to Y in the cytoplasm (step 1), then substrate binds
(step 2). With both H and S bound, Y undergoes a conformational change that
exposes ligand-binding sites only to the periplasm (step 3). Substrate
dissociates (step 4), then proton dissociates (step 5) and Y returns to it's original
conformation, with ligand-binding sites exposed only to the cytoplasm (step 6).
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What type of transport mechanism is being described by this scheme?
Does this six-step mechanism offer any advantage to the cell as opposed
to a simpler scheme in which S alone binds Y and triggers conformational

change?

What would happen to the transporter if step 6 could not occur?
How would the addition of a double-headed arrow across the center (see

new Fig) affect the mechanism of
transport?
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INORGANIC CHEMISTRY CUMULATIVE EXAM
April 29, 2006

1. Inarecent paper by Du and Espenson, Jnorg. Chem. 2006, 45, 10531058, the
following mechanism is discussed for the stepwise reduction of Cr(VI) by tris(1,10-

phenanthroline)iron(II) ions.

Cr(VI) + Fe(phen);*" —-__—tl Cr(V) + Fe(phen);>* (1)
-1 B

Cr(V) + Fe(phen);** & Cr(IV) + Fe(phen);>* | )

Cr(IV) + Fe(phen);>" —fast___ cr(1l) + Fe(phen);** 3)

(a) Derive the rate expression for the rate of loss of Fe(phen)s>" if reactions (1) and
(2) have Cr(V) as a steady-state species and reaction (3) is fast.

(b) Show what is meant by the steady-state approximation for this system.

(¢) Give the chemical equation for the overall reaction.

2.  (a) The structure of acac” is:

Show two possible products for the reaction of H3Q" with acac”. Discuss which
reaction is faster and why. Which product is more stable? Show the reactions
needed for the initial protonated product to convert to the more stable product.

(b) In general-acid-assisted reactions, how does the acidity of the acids affect the
rate of proton transfer? Show the type of correlation to be expected and specify the
range of slopes possible for Bransted plots.

3. OQutline the stepwise chemical reactions that take place during an alkene
(H,C=CHR) hydrogenation with Wilkinson’s catalyst, (Ph3P); RhCl. Specify the
steps that correspond to oxidative addition, reductive elimination, and hydride
migration. Show structures for all intermediates.

4



Organic Cumulative Exam — April 2006

Please answer the following questions. The articles from problems 3 and 4 are attached.

1. Please provide a mechanism for the following reaction.
JACS, Vol. 128, 3908-3509, 2006.

T4

2. Please provide the mechanism for the following reaction.
JOC, 2006, ASAP

3. Please answer the following questions based on article I attached. [JACS 128, 386 (2006)]

a. Draw a schematic that accounts for the cell-based entry of the His-tagged GFP promoted
by compound 1.

b. What was the optimum concentration of compound 1 to facilitate His-tagged GFP cell
entry? Why might further addition of 1 result in a decrease in GFP entry? Why might
pre-mixing all of the reagents results in a decrease in GFP entry?

c. In panel B from Figure 2, the cells were washed with NTA prior to microscopy. ‘What
was the point of this procedure?

4. Please answer the following questions based on article IT atiached. [JACS 127, 4128 (2005)]
a. Which polymer(s) was/were the most potent antimicrobial agent? Estimate the MIC
value(s).

b. Which polymer(s) was/were the least toxic?

c. Which polymer(s) has/have a window of efficacy in which they will be selectively
toxic to bacteria? What % MPg, would this occur at?

d. What effect do molecular weight and hydrophobicity have on the antimicrobial
activity of these polymers? ‘ '

\n
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Synthesis of an Artificial Gel Surface Receptor that Enables Oligohistidine
Affinity Tags to Function as Metal-Dependent Cell-Penetrating Peplides

Siwarutt Boonyarattanakalin, Sonalee Athavankar, Qi Sun, and Blake R. Peterson*
Department of Chentistry, The Pernsylvania State University, University Park, Pennsvivania 16802
Recejved September 6, 2005; E-mail: bipeters@chem.psy.edu

Cell-penetrating peptides and proteins (CPPs) have emerged as
important new tools for the delivery of impermeable molecules into
living mammalian cells. These delivery systems have been con-
structed from hasie sepments of HIV Tat,! olipoguanidine-contain-
ing peptoids? f-peptides® and other oligocationic motifs ® The
mechanism of ecliular papetration by CPPs is primanly thonght to
involve endoeytosis? particalarly with larger cargo,® bot vares
depending on the delivesy system and the cell type?

Oflipohistidine peptides are often fased to proteins to provide
affinity tags (THis tags™) that facilitate protein purification To
enable these peptides to fanetion as CPPs, we synthesized an
axtificial cell surface receptor (1) comprising the plasma membrane
anchor N-alkyl-38-cholesterylamine linked to the metal chelator
nitrilotiacetic acid {NTA). N-Alkyl-38-cholesterylunine derivatives
can function as prosthetic molecules active on the surface of Hving
mammalian cells because this steroid can insest into cellalar plasma
membranes, project linked headgroups from the celt surface, and
rapidly eyele between the plasmz membrane and intracellular
endosomes, similsr fo many patwally occuming cell surface
receptors % The NTA motif binds tightly to nickel, cobalt, copper,
and zine dications, and immobilized metal chelate chromatopraphy
{IMAC) with NTA-liriked supports is widely used to purify profeins
fused to His taps. 10 Other Epids!2 and polymers® linked to NTA
headgroups have also been reported.

Receptor 1 was synthesized from 3f-cholesterylamine (2)° as
shown in Scheme 1. Alkyiation of 2 with ethyl 5-bromovalerate,
followed by Boc protestion to afford 3, provided an improved routs
1o protected N-alkyl dervatives of the membrane anchor, Addition
of a linker shown to increase the populaton of these compoumnds
on the cell sexface,? acylation with a protected NTA derivative,
and final deprotection afforded 1 in 47% overall yield

As representative His-tagped proteins, we overexpressed in E.
coli the monomeric green fluorescent profein AcGFP fused fo
C-terminzl (His)s and (His)o peptides and purified these proteins
by IMAC. The (His);, peptide binds Ni-—-NTA complexes ~6-fold
mare tightly than (His)s. For example, (His)s and (Flis)yo peptides
fused to SHT;R serotonin zeceptors exhibit affinities for Ni—NTA
degivatives of Xz = 105 #M and Kz = 166 nM, respectively.t

To qualitatively examine the ability of receptor 1 to mediate the
celtufar mptake of His-tapged proteins, human Jimdat T-iymphocytes
were treated with 1 (10 2MD for I b o Toad this compound inks the
onter leaflet of the cellular plasma membrane. These cells were
washed and subsequently treated with a solution of AcGFP(Hishe
(3.2 pM) and Ni(QAe), (100 2M) for an additional 4 k. As shown
in Figure 2 {panel A}, examinafion of these cells by confoeal laser
scanning microscopy Tevealed fluorescent protein both on cell
surface and in defined imfracelinlar compartments, Washing the cells
with disodium NTA (400 uM;

Delivery of AcGFP-
{His)s under these conditions provided similar results, but the cells

386 = J. AM. CHEM. SOC, 2008, 128, 386387
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Figare 1. Top: Structure of the synthetic cell surface receptor (I that
binds metals and His tags. Botfony: Strategy for dalivery of His-tagged
proteins into mammalian cells by synthetic receptor-mediated endocytosis.

were 4-fold less fluorescent (Figmre 3, panel D). The fate of
intemalized AcGFP(His)y, was exatnined by coadministration with
Dil-loaded Iow-density lipsprotein (LDL), a protein interpalized
by receptor-mediated endocytosis, as a red Auorescent marker of
endosomes and lysosomies. ™ Substantial eolocalization of red and
green flucrophores was observed ymder these conditions (Supporting
Information). This delivery to endosomes and lysosomes represents
a common destination of proteins fused to CPPs.!

Quantifative analysis by flow eytometry of synthetic teceptor-
mediated uptake is shown in Fipure 3. Intracellular delivery of
AcGFP(His)p >600-fold above basal levels of endocytosis was
achieved by preloading the cellular plasma menbrane with reesptor
¥ (10 ;M) for 1 h followed by addition of the protein (3.2 zM)
and Ni(OAc); (100 M. Higher receptor concentrations, addition

101020567 20f CCC: $31.50 © 2000 Amardcen Chemical Society



COMMUNICATIONS

Figure 2. Confocal laser {lefi} und differential interference contrast
{right) micropraphs of hvmg Jurkat lymphocytes. Cellular plasma mem.
branes were preloaded with receptar ¥ (10 gM) for 1 hat 37 °C, celts were
wished with fresh media, and media containing AcGFP(Hisk (3.2 2M)
and N{QAc) (100 uM) was added for an additional 4 b at 37 °C. Cells
shawnmpanelAweremdumdmtelyafmrﬁnsﬁeam&Jkshm
mpamleemwmﬁedmﬂ:NTA(d{)GpM,Bﬂmm}pnorb
. Scale bar =

ACGFP{HE) g
+ Receplor

{Receptor 1+ T
MAGFPHISN
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of synthetic receptors on the cell sarfzce. Jurkat lymphocytes were
treated with 1 (10 gD for 1 4 at 37 9C, the eells were washed,
chilled to 4 °C, and excess AcGFP(His)yp (19 uM) and Ni(GAc),
(100 g} were added to satarate the surface-bommd NTA proups.
Comparison of these cells wilh fluorescent bead standards by flow
cytometry revealed an average of ~45,000,000 syathetic recaptors
per cell surface. Previcus studies of related compounds supgest that
a similar population of synthetie receptors resides in intracellular
endosomes.?

Heavy metals, such as Ni?*, exhibit dose-dependent toxicity to
biological systems. To examine the toxicity of this metal acetate
and protein delivery, cellular viability was examined by flow
cytometry. In these experiments, Jukat lymphocytes were treated
withseeeptor 1 (10 #M, 1 h), followed by AcGFR(His);, (3.2 520,

and Ni(OAc); (100 sM, 4 1) to enhance protein uptake by 600-

fold. Cells were washed with disodivin NTA to remove cell sarface
protein and were cultured for an additionat 48 b. Cellular viability
was determined by light scatiering and staining the nuclet of

mised dead cells with the flucrophore propidiom
iodide. Under these conditions, 97% of the cells were viable,
compared with 99% of wnireated controls, and no effects on cellalar
morphelogy were observed. Other studies have similardy reported
Tow tondeity of micke] salts at <160 M in cell culture ¥ By enabling
conunon olipohistidine affinity taps ro fumction as celi-penetrating
peptides, synthetic receptor 1 provides a potentially versatile new
prabe of cellular biclogpy.

Acknowledgment. We thank the NIH (RO1-CA83831) for
financial support.

Suepporting Information Available: Supporting fipures (81—53),
compound chzracterization datz, and experimental procedures. This
material is available free of charge vin the Infemnet at hitpafpubs.acs.org.
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Figure 3. Analysis of cellalar upteke of His4agged AcGEP proteins by
flow cytometry. Each bar represents the average finorescence of 10000
cells. Unfass otherwisa noted, cellular membranes of Jurat
Iymphocytes were preloadad with receptor 1 (10 g8 for 1 b at 37 °C,
cells were washed with fresh media, and AcGFP (3.2 uMy
metal diacefate solution (100 uM) was added for 4 b at 37 °C. Prior to
analysis, celis wene washad with NTA (400 gM, 30 min} in PBS (pH 7.4)
to remove bownd surface protein. Panel A: Dose dependence of receptor-
mediated uptake. Premix condifions: A solution containing receptor 1, Ni-
{0Ac)s, and AcGFP(Hishg was added to cells for 4 h Panel B: Dependence
an [Ni{QAc)-I, Panel C: Qmission control expesiments. Parel D: Upiake
of (His) and (His)p fusion proteins promoted by differant metal diacetates.
of disodivm NTA as a competitor, or premixing the receptor with
the protein and metal resofted in lower levels of uptake (pane] A).
Preloading the plasma membrane may facilitate uptake due to the
high surface density of immohilized metal chelate. 1712 Significantly
hipher or lower concentrations of Mi{OAc),; were less effective
mediators of uptake (panel B), znd omission control experiments
confimed the importance of ali three components (panel C).
Comparison of diacetates of Ni, Co, Cu, and Zn revealed that Ni-
{OAc), was the most effective metal for delivery of both (His)s
and (Hishy fusion profeins.

Consistent with the mechanism of synthetic receptor-mediated
endocytosis,? uptake of His-tagged AcGFP proteins was blocked
by cooling oells to 4 °C (data provided in the Supposting
Informuation). These conditions enabled quantifreation of the nurber
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Amphiphilic Polymethacrylate Derlvatives as Antimicrobial Agents

Kenichi Kuroda and William F. DeGrado™-

Department of Bzac&em:sby and Biophysics, and Department of Chemistry, University of Permsylvania,
Philadeipitia, Pennsylvania 19104

Received Seplembet 23, 2004, E-mail: wdegrado@mail med apenn.edn

The membrane-Glsnupting ability of amphiphilic synthetic poly-
mers has been utilized in preparing chewwical disinfectants and
biccides.! A mmmber of polymeric disinfectants have been prepared
using conventionsl synthetic polymers, incleding poly(vingl py-
ridine)s 2 poly(vinyl alcohol)s,? polyacrylates.® and polystyrenes S
Their amphiphilic strachoes disupt ceBl membranes ! cansing
breakdown of the transmembrane potential, leakage of cytoplasmic
contents, and nliimately cell death. The cooperative action inherent
in polymerie struetuses enhances this disnption mechanism as
compared to small amphiphilic molecules, swh a5 surfactants ®
However, one of the major drawbacks of polymeric disinfectants
is & lack of selectivity for bacterial over haman cefls, limiting their
clinieal angd medicinal ntility.

In this report, we take steps toward the development of nontoxic
antimicrebial synthetic polymers in oor investipation of the
stuchoe—activity relationship of amphiphdlic polyraethacryiate
derivatives a3 measaved via antimicrobial and hemolytic activities.
Free radical copolymerzations of N-{fert-butoxycarbonylyamino-
ethyl methacrylate and butyl methaerylate (BMA) were conducted
using mole percentages of BMA, from 0 to 60% in the presence of
mefhyl 3.mercaptopropionate (MMP} to give 2 precursor polymer
protected with tert-butoxyearbonyl {Boc) groups (Scheme 1). In
this NP served as a chain tansfer apent to control
the deprer of polymerization (DP)? and allowed us to prepare low
molecular weipht (MW) polymers with relatively high yields,
avoiding the necessity of time-intensive fractionation of polymers
by colemnn chromatography. The sebsequent treatment of the Boe-
protected polymer with TFA afforded the desired cationic random
copolymer. Natural host defense peptides are believed to sclectively
target bacterial cells while remuaining nontoxie to the host due to
preferable charge interactions between the dense population of

negatively charged lipids on bacterial cell surfaces and fhe eatfanic -

side chains of the pepfides®® we have similaly incorporated
catiopic functiopality info the polymer framewok to improve
selectivity. By dlternating MMP coneentrations, we obtained a series
of polymers of tiree different MW ranges displaying 2 wide range
of mole percentapes of BMA (MFPg,) (0—60%) (Table 1).1¢

Antimicrobizl activity of fhe polymers was tested nsing turtrdity-
based assays in Mueller—Hinton broth with Fscherichia coli D31,
and the minimam inhibitory concentration MIC) was determined
as the lowest polymer concentration to completely inhibit bacterial
growth after an 18 h incubation peziod at 37 °C.'

Important features of pobymers nseful as disinfectants are not
only their antimicrobial activity bat also the lack of toxicity fo
buman cells, partienlarly for medieal and clinieal wtility. Toward
this end, their lytic activity against lnmean red blood cells (hemolytic
activity) was evaluated as HCy for each series of polymers, which
is {he polymer concentration necessary for S0% Iysis of celis. In

Scheme 1. Symhesis of Amphiphilic Polymethacrylate
Cerivatives®

[ 0% R o
HrBoc WHmes ?%' )
Traeoy

Randpi copolymes BN OO Loy

2 Conditions: (f) mefhyl 3-mexcaplopropionate, AIBN, acetoritrile, 60
°C, ovemight; (i) neat TEA, 11, L b,

Table 1. Characterization of Amphiphilic Polymethacrylates

mies  [MMPlfmomecien®  MPad ppe W ranger
1 045 0-57  32-46  7900—10100
2 0.10 0-53  19-31 45006000
3 0.0 0—47 5-9 1300-1900

= Concentration ratio of MMP o tofal amount of monomers in poly-
merizations, ® Determined by H NMR. ¢ Calculated from MPy, and DP.

L]

g

MICor HE,, {ngiml)
Z

)
A
=
E
&
&

%
=

M or HE, (il
3 E
i o)
O MIE

o LA 1 i I
qt’ % o ]
© » Mﬂl‘.‘pﬁm&iﬂeoﬁ'bﬂ!\{nmqﬁo(“') 6‘@
Figure {. Amtimicrobial and hemalyiic activities of polymethacrylate
{A) polymer series I; (B) 2; and (C) 3. MICs and HCsos
presented as opensd and closed marks, vespectively. (D) Selectivity ndex
(HCso/MIC).
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Physical
Cumulative Exam
- April 29, 2006

1. Consider a binary mixture composed of benzene (B) and camphor (C). B melts at

5.5°C and boils at 80.1°C. C melts at T = 179°C and decomposes without boiling
at high temperatures.

a. Assume the solution has a mole fraction of C x¢ = 0.27 and is in equilibrium with
its vapor at 80.1°C. Compute the vapor pressure P in atmospheres of the solution
at 80.1°C using Raoult’s law.

The rest of the problem will concern three-phase states of the B plus C solution
comprised of the vapor (v) phase in equilibrium with a single liquid (1) and a single

solid(s) phase.

b. Using the Gibbs phase rule F = C — P +2 determine how many intensive variables
F may be independently varied without disturbing the three-phase equilibrium.

c. The Gibbs free energy of the mixture may be written as
G=G,(T,P,ng ,n. )+ G(T,P,ng ,ng )+ G, (T,P,ng ,nc ) (1.1)

where G, is the Gibbs free energy of the vapor phase, and so on.

(1) Show from Eq. (1.1) that for the three phases to be in equilibrium at fixed T,P

pg dng +p dne +ppdng +u, do, +pydn, +uedne =0- (1.2)
(ii) Show that
dng =dn, +dng, +dn, =0 and dng =dn; +dn; +dn. =0- (1.3)

(i11) From Egs. (1.2) and (1.3) show that a sufficient condition for three-phase equilibrium
is

Mg, =Hp =Hpandu, =pe =p, - (1.4)
d. Using Eq. (1.4} do the following
(i) Write down the equilibrium equation for the solubility of C assuming

the s phase is pure C. Explain your reasoning.

(1)  Write down the equilibrium equation for the boiling point elevation of
B assuming the v phase is pure B. Explain your reasoning.



e. Rewriting Egs. (1.4) in more detail as

Ky, (TnPaXBV) =HUpg, (T,P, XBI)
Mg, (T.P.xp )=py (T.P,xy )
Ry (T.P, x5 ) =up (T.P.xy )

and

He, (T,P,XCV) =L, (TaP:Xc, )
e, (TLP.x¢ ) =pe (T,P.x¢ )
l"l‘Cl (T,P,Xcl ) = I-LCS (T:P: XCS )

(1.5a)
(1.5b)
(1.5¢)

(1.5d)
(1.5¢)

(1.50)

Derive the result from F you found from the Gibbs phase rule in Part b. Explain your

reasoning,

10
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