Lippard and Berg, Principles of Bioinorganic Chemistry
Problem Set Answers

Chapter 1

1.
If the nickel had been detected earlier, it may have been proposed that the catalysis was due to a nickel “contaminant” with the protein playing no essential role. Such a conclusion might have delayed the realization that biological catalysts (enzymes) are proteins.  Alternatively, some may have realized the significance of finding a metalloprotein, and bioinorganic chemistry could have had a strong footing much earlier.

2.
The dioxygen-binding protein in lobsters is hemocyanin and not hemoglobin. Thus, anemia would be due to a lack of copper rather than a lack of iron.  Copper supplements would therefore be preferred.

3.
Zinc is not likely to play a role in electron transport since it exists exclusively as Zn(II) in biology. It is much more likely that the electron transport protein contains an organic cofactor, such as a flavin, rather than a metal cofactor.

4.
Imaging by cardiolyte is due to the isotope 99mTc. This isotope has a half-life of only a few hours so that it must be generated radiochemically just prior to use. This short half-life allows 99mTc-based radiopharmaceuticals to be used for imaging without a persistent level of radioactivity remaining in the body, which could cause serious damage.

Chapter 2

1.
(a) 5

(b) 7

(c) 0

(d) 5

2.
Hard acids will prefer hard bases such as carboxylates, alcohols, and alkoxides. Hg2+ is a soft acid and will favor soft bases such as thiolates and thioethers.

3.
[Fe(OH2)6]2+, octahedral, high spin, right diagram


[Fe(CN)6]4-, octahedral, low spin, left diagram


[FeCl4]2-, tetrahedral, high spin, middle diagram

4.
[Cr(OH2)6]2+ is labile and will undergo ligand exchange reactions with groups on the surface of the protein.  It can undergo inner-sphere electron transfer.  When oxidized to Cr(III), the metal ion becomes inert and, hence, will be bound stably to the protein.

5.
Compound I will better prefer square-planar geometry, favoring the Cu(II) form. Compound II is likely to be distorted toward a tetrahedral structure due to steric interactions involving the t-butyl groups, favoring the Cu(I) form. Thus, compound I will be harder to reduce and will have the lower reduction potential.

Chapter 3

1.
Although the amine form of lysine is expected to be a good ligand, the ammonium form is not and this form predominates at physiological pH values. The pKa of the -amino group is 10.8 so that is protonated in aqueous solution near neutral pH.  Protons compete effectively with metal ions for binding to the amino group.  In contrast, many complexes of ammonia and ethylenediamine are formed under conditions where the deprotonated forms predominate.

2.
Double-stranded DNA generally adopts the B conformation whereas double-stranded RNA always adopts the A conformation. These forms present rather different surfaces for interactions with proteins. Thus, if TFIIA binds to both in a similar manner, it must distort the nucleic acids so that they adopt a common structure.  Also it must recognize T and U as the same.  It could also cause complications and bind to RNA when it is supposed to transcribe a DNA sequence.

3.
There are two freely rotating single bonds in the backbone for each amino acid in a protein. Assuming that each of these can be rotated independently to the three conformations, the number of possible conformations for a 100 amino acid protein is 3200=1095 since there are a total of 2 X 100 =200 rotatable bonds. For a polynucleotide, there are 5 freely rotating single bonds (not counting the C3’-C4’ bond which is restricted by the ribose ring) per nucleotide. Thus, the number of conformations is 3500=10238. These are truly astronomical numbers! Steric clashes between groups greatly reduce these numbers, but there are still many conformations accessible for polymer chains of this sort. Since proteins and nucleic acids often fold to unique conformations, a huge number of conformations must be energetically unfavorable relative to the native structures.

4.


[image: image1.png]



5.
HELPMEIMTRAPPEDINAGENE (Help me, I’m trapped in a gene).  The His residue and the two Met residues are the mostly likely sites to bind a soft metal ion.

Chapter 4

1. 
Calculated: 2.88 x 10-19 s.  The timescale  from the table is on the order of 10-7s.  The difference is due to the fact that, in order to resolve peaks arising from two exchanging Mossbauer absorbing nuclei, it is the separation of  peaks, not the frequency just calculated, that matters.  A 1 mm/s separation gives a  of about 10-7s.

2.   

[image: image2.wmf] 

If you make the 1:1 adduct with 13C enriched cyanide:

[image: image3.wmf]
3.
One might get the oxidation number, spin state, coordination and types of ligands attached.

4.   

1)EPR will provide information about the electronic structure and the type of Cu (type 1, 2, or 3).  It may give some information about the geometry of the metal coordination sphere.

2)Raman spectroscopy will provide further information about ligands in the coordination sphere.  It is especially useful since we probably have binding of dioxygen.

3)UV-Vis will correlate with the oxidation state.  Cu(I) will have no band, but Cu(II) will.  It can help define the coordination environment and facilitate following the reaction.

Chapter 5

1.
3.2 x 10-25 moles, 0.2 ions.  3.2 x 10-13 moles, 2 x 1011 ions.

[image: image4.wmf]
2.
Yes, around 10-25.  No, the receptor could not recognize/accept it or the enzyme that hydrolyzes it.

3.
2 [Fe2S2 (SR)4]3- ( [Fe4S4 (SR) 4]2- + 4SR-
This reaction doesn’t occur for the oxidized form because one of its products would have four Fe3+ ions which is unstable and does not occur in nature with sulphur-donor ligands.  To decrease the likelihood of dimerization, one could add bulk to the ligands.

4.
8.4 x 10-17 moles Fe

[image: image5.wmf]
5.


[image: image6.wmf]
Between 2.5 and 2.75.

Chapter 6

1.
Many answers are acceptable.  One possibility would be to bind Cu2+ in an octahedral conformation with three soft ligands and the rest hard like glutamate to stabilize the hard ion.  Or you could use an exogenous cofactor like SO42- which could easily be protonated and then dissociated.  Then upon reduction the complex could become three coordinate with the three soft ligands to bind Cu+ which quickly becomes tetrahedral as it binds to the receptor.

2.
Detoxification would occur at higher concentrations of Cu occur and detoxification is really necessary.  Energy would not be wasted producing the protein.  Also, a multicopper protein would have different conformations in its apo and holo forms, assisting metalloregulation of transcription.

3. Co(III) is very inert.  Problems would also occur for Cr.

4.
0.123V.  0.06V.  By about 1/2.

[image: image7.wmf]
5.
The NH2+ region because of its single positive charge and small size.

6.
As depolarization occurs, the channel opens and a big molecule can come in and block it.  It would be attracted since it is positively charged, but be rejected because it is too large.

Chapter 7

1.
The ions are about the same size when Mg2+ is hydrated to form [Mg(H2O)6]2+.  No; in RNA the metals are still hydrated, but in a protein all ligands are usually removed.  It will be difficult to remove all the ligands from the Co3+ since it is much more inert.

2.
-35 cal/mole K.  2x10-8.

[image: image8.wmf]
3.
They must have similar forms.  Cruciforms must have bent DNA in the major groove that is also slightly unwound.  The protein must recognize structural changes, not anything specific like the Pt itself.

4.
Zn causes conformational changes.  If you remove His, you remove a residue that contributes a ligand.  Two His and a monodentate glutamate residue of the human growth protein are bonded to the Zn, and a His of the prolactin is bound as well to complete the pseudo tetrahedral coordination.

Chapter 8

1.  
Introduce the metal as the more labile Co(II) ion and then oxidize it to Co(III).  Your protein might be designed to alter the charge or the hapticity of the ligands.  Also, you could make a site that favors Co(III) to facilitate the oxidation step.

2.
You will need to reduce cobalt back to Co(II) in order to release the dioxygen.  Choose ligands that might be equally good at binding Co(II) and Co(III), such as a combination of Asp or Glu and His.

3.
Bind iron as Fe(II) and add ceruloplasmin to oxidize it to Fe(III) in the ferritin core.

4.
Yes.  Put DNA in the reaction mixture to see whether the rate of ET changes.  Change the lengths of the DNA strands.  Attach the electron donor and acceptor covalently to the DNA and measure ET.

5.
Cu(II).  In Td symmetry, Ni(II) –4/5 t, Cu(II) –2/5 t.   In Oh, Ni(II) is –6/5 o, Cu(II) –3/5 o.  Cu(II) loses less energy going from its usual octahedral configuration into the tetrahedral site.

Chapter 9

1.
The intense transfer band at 600nm in the electronic spectrum would disappear.

2.
The rate would be slower due to a significant increase in reorganizational energy.

3.
9.4x104 s-1.  8.9x10-4 s-1.

[image: image9.wmf]
4.
3.3 angstroms, .1eV, .56eV
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5.
0.18 s-1
[image: image12.wmf]
Chapter 10

1.
Their high positive charge might make it difficult to release bound product molecules for kinetic reasons.

2. 
See lecture notes

3.
They would produce a chiral phosphorous center and allow one to determine whether the transition state preserved the stereochemistry.

4.
Change a residue that usually hydrogen bonds to one that cannot and determine the effects.  There are many other answers.

5.
The roles are very similar, but there would be less concentration of positive charge than provided by Zn, so it might alter the rate of hydrolysis.

Chapter 11

1.
2[Co(CN)5]3- + O2 ( [image: image13.wmf]
The starting material is paramagnetic Co(II) d7.  The product will be low spin d6.  One can test this assignment by XAS measurements.

2.
NADH is required to re-reduce the iron to Fe(II) in the catalytic cycle.  Overall there is reductive activation of dioxygen (see class notes).

3.
Yes.   I would not expect the Zn form to be active, but I do expect the Cu form to be active.  Zn is diamagnetic, Cu(I)Cu(I) diamagnetic, Cu(I)Cu(II) paramagnetic.

4.
The reduction potentials are not set correctly to catalyze these conversions (see Fig 11.21).

Chapter 12

1.
Loss of the oxo bridge and a carboxylate shift will occur, opening coordination sites on iron for O2 binding and electron transfer.

2.
The azurin active site imposes a geometry intermediate between tetrahedral and square which accommodates both Cu(I) and Cu(II).   There is no reorganizational energy.  The tetrahedral bisimidazole complexes will have a large reorganizational energy which slows the rate.

3.
The low coordination number of Fe(III) which prefers octahedral geometry would lead to dioxygen activation rather than reversible dioxygen binding. 

4.
The surrounding protein must provide ligands to activate the substrate.  Such might be achieved by further modifications of the protein.
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