Chemistry 476

Bioinorganic Chemistry

Bioinorganic Chemistry

* True Hybrid Discipline drawing from
Biochemistry, Inorganic, Physical
» Three Basic Approaches
— Biochemical isolation and properties of
biomolecules
— Synthetic inorganic build small molecule
models for metals in biomolecules
— Physical inorganic use spectroscopy to
study intact metallobiomolecules and
models, theoretical modeling

Elsments used in Biology
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Concept of Essentiality

« Criteria for Essential Elements

— Physiological deficiency appears when
element removed from diet

— Deficiency is relieved by addition of one
element

— Element associated with a specific
biochemical function

Not all Elements are Essential for all

Organisms

Concept of Essentiality
General Response of a Biological
System to an Element
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Availability of Elements

Distribution of Elements in Living
Organisms Generally follows
Abundance in Seawater

Bulk Elements are Available in Water-
Soluble Forms

Trace and Ultratrace Elements usually
have Solubility Problems

— Evolution of uptake mechanisms




Biological Molecules

Biomolecules
|

Proteins

Polypeptides containing amide
linkages between amino acids

Cofactor/Coenzyme/

Prosthetic Group
_ E_nzymes_ N Specific, tightly bound non-
Proteins with catalytic activity protein required for activity

Bioinorganic Terminology

Cofactor, Holoenzyme

Coenzyme or + |Apoprotein |—— or

Prosthetic Group Holoprotein
* Active Site

— Place in protein/enzyme where interesting
chemistry occurs

» Metal lons in Active Site need Ligands
— Endogenous derived from peptide
— Exogenous not derived from peptide

Endogenous Ligands

» Metals are bound to Protein through
Amino Acid Side Chains

— Imidazole hlstldlne (His), hard donor
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Usual blndlng mode




Endogenous Ligands
— Phenolate of tyrosine (Tyr), hard
o
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— Thiolate of cysteine (Cys) and thioether of
methionine ( Met) soft
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Endogenous Ligands

— Carboxylate of aspartic (Asp) and glutamic
acids (Glu), hard

L

Bind n' or n? through side chain oxygens, but
in y-Glu and B-Asp other carboxylate used.

Binding Modes of

Endogenous Ligands

Histidine usually n' through &-N
— Can be p-n2if both N are deprotonated
Tyrosine, Cysteine either n' or p-n2
Methionine always n’
Carboxylates have Three Basli?c Modes
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Common Exogenous Ligands
+ Ligands not Integrated into Active Site

Structure

— Water-derived (H,0, OH")

— Oxygen-derived (O,, O,", 0,2, HO,")

— Neutral species (CO, NO)

— Halides and other charged species (Cl-, PO,%)
+ Ligands Integrated into the Active Site

Structure (sometimes called Endogenous)

— Water-derived (H,O, OH-, 0%)

— “Inorganic sulfur” a.k.a. sulfide (S%)

Tetrapyrrole Ligands

Porphin (unsubstituted) Chlorin Corrin
Porphyrin (substituted)

Usually covalently linked to protein as a coenzyme/prosthetic
group (along with a metal). Other structures are known.

Polypeptide Structure

* Primary Structure
— Amino acid sequence of polypeptide
» Secondary Structure
— Three dimensional structures arising from
interactions within and between
polypeptide chains
* Tertiary Structure

— Further three dimensional ordering of
secondary structure

— Overall protein structure




Secondary Structures
+ Random Caoll

— No specific ordering
» Alpha Helix

Random coil a-Helix

Secondary Structures
* Beta Sheet

— Parallel adjacent polypeptide strands run in
same direction

— Antiparallel adjacent polypeptide strands
run in opposite directions

M\ _|/Antiparallel

B-Sheet

Practical Biochemistry

* Proteins are Fragile so require special
Handling

—Cold (4 °C)
— Buffered solutions
« Purification by Recrystallization usually
not possible
— Columns (size exclusion)
— Dialysis
— Size-selective filtration (pressure, centrifuge)




Probes of Metal Sites in

Metallobiomolecules

* Electronic Spectroscopy

— Absorbance/CD
* Vibrational Spectroscopy

—Raman
* Magnetic Measurements

— EPR/MCD/magnetic susceptibility/nMR
» X-Ray Methods

— Crystallography

— EXAFS

Review of Spectroscopy

* For a Transition to be Allowed the
Transition Moment Integral must be
Nonzero: (i, M‘z//g> £0

* Itis Equivalent to show that the
Following is True: ', xT",, xT', O A,

» Transition Moment Operator can be

_written: X
M = M (electric dipole) + M (magnetic dipole) +...

Review of Spectroscopy

/6A «— Orbital cor_nponent of
Multiplicity 19 wavefunction
(28 +1)  Molecular term symbol

» For Electronic Transitions separate Spin

and Orbital Parts of Wavefunctions

— Magnetic and electric dipole operators

don't affect spin
— So write

(s M|@,)#0

S, )(@




Review of Spectroscopy
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* To be Non-zero S, = S (AS = 0 for
Transition)
—If AS = 0 spin allowed
—If AS # 0 spin forbidden

 For the Orbital Component need
Transformation Properties of
— Electric dipole operator (x, y, z) = Absorption
— Magnetic dipole operator (R,, R,, R,) = CD

Review of Spectroscopy
* In T, is the A, - “T, d-d transition
electric dipole allowed?
‘ Different spin states, so AS # 0 and spin forbidden

‘ But what about the orbital part? ‘
T4/ E 8C;3C, 6S,60
A1 11 11

T,/3 0 1 -1 1
7,3 0 1 -1 1
T,xT,xA]9 0 1 1 1

Review of Spectroscopy

Reduce the reducible representation
using Great Orthogonality Theorem
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T, | E 8C, 3C, 68,60,
AT 1 1 1 1
T,xT,xA,l9 0 1 1 1
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Ligand Field Transitions

» Move Electrons Among d Orbitals
— Occur ~4000 - ~30000 cm*

* In Symmetries with g/u, all d-d

Transitions are Laporté (Symmetry)

Forbidden with Electric Dipole

Spin Forbidden, Parity Forbidden

- €=0.01-1M"cm™

Spin Allowed, Parity Forbidden

- e¢=~10 M cm™!

Allowed Transitions
» Charge Transfer
— Ligand to metal charge transfer
— Metal to ligand charge transfer
* Intraligand Transitions

— Moving electrons between orbitals on
ligand

« Usually Intense (€ > 10000 M-' cm")
— Spin allowed
— Excited states have “u” symmetry

Increasing Intensity of

Forbidden Transitions

* Low Symmetry

— Removes Laporté problem

— Mixes orbitals

— Does not affect spin

— Spin and Laporté forbidden, € to ~10

— Spin allowed/Laporté forbidden, € to ~100
* Vibronic Coupling

— Dynamic symmetry lowering

—Very small increase in €




Increasing Intensity of
Forbidden Transitions

* Mixing of Forbidden Transition with an
Allowed Transition
— Best when transitions have same
symmetry and are close in energy
— Spin-orbit coupling
— Spin and Laporté forbidden € to ~20
— Spin allowed/Laporté forbidden € to ~1000

Circular Dichroism

Spectroscopy
« Differential Absorption of Left and Right
Circularly Polarized Light
— Signal = gef; - €igpy (SIgN)
— Magnetic dipole dominated (R,, R, R,)
* Compound must be Optically Active
— CD spectra of enantiomers have same
transitions, but opposite sign
— Metal centers are not optically active, but
protein is (induced CD)

Advantages of CD

* Probes only Metal lons bound to Protein
Different Selection Rule

— Transitions weak in absorbance may be
strong in CD

+ Sign Differences allow Resolution of
Closely Separated Transitions

UV CD Spectrum sensitive to
Secondary Structure of Protein




Comparison of CD and
Absorbance
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=

-0.50
500 700 900 1100 1300 1500 1700 1900
Wavelength (nm)

(,-wo . N) 3v

Polarization of Absorption

Bands
* High Symmetries: All Components of
Electric and Magnetic Operators
transform Together
* Lower Symmetries: they don’t

— Example: in Dy, z transforms as a,, and
x,y transforms as e,

» Absorption depends on Orientation of
Molecule and Light

— Single crystal polarized spectroscopy

Vibrational Spectroscopy

* IR Spectroscopy of Proteins not Useful
— Water vibrations

— Many allowed transitions of protein
backbone and functional groups

— Relatively broad lines

* Raman Spectroscopy better
— Different selection rule
— Relatively narrow lines




