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jons and sulfur atams., The CD shows considerable structure throughout
the‘spccfrum} On the basis of absorption and CD alone, however, it

would be extremcly difficult to distinguish the origin of the absorption

=

band at 27& froh that at 313 nm. Howevér, the MCD of the 277 band .
differs strikingly from the reét of the spectrum.3?4 For wavelengths S
greater than 300 nm, the MCD is reiatively broad and unstructured; |
while between 250 and 300 nm it exhibits a 'sharp ''S'" shaped spectrum
indicative of an orbifally degenerate ground or excifed state. The
chromophore responsible for the distinctive "S" shaped MCD is the
aromatic amino acid tryptophan whose lowest energy singlet excited
state is known to be doubly degenerate.5 The pfesence of tryptophan 1s
indicated'by the MCD even though the other aromatic amino acids and the
iron—sulfbn'complex aiso contribute to the MCD spectrum at 280 nm. Thus,
MCD can detect the presence of certain special molecules in systems which
contain overlapping absorption bands of several chromophores. We shall |
call these chromophores MCD markers. We shdll outline the propertieé
of a chramophore which make it an MCD marker, after discussing the CD
of ferredoxin. -
Compérison of the spectra of the reduced and oxidized protein
(Fig. 2) shows much larger changes iﬁ CD than in abéorption. These
visible changes and ultraviolet in fhe CD are very difficult to inter- .
pret in terms of the conformation of the active site.6’7 Note, |
however, that fhe CD of the 275 nm band changes sign when the protein = .
. is oxidized. “The position and width of these bands in the reduced and

oxidized states suggest that they are mainly due to the aromatic amino

acids and the sign reversal of the (D suggests that the environment of
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Many blologlcal macromolecules and subcellular partlclcs contain
more than one component whlch.absorbs V151b1e or ultraV1olet light.

ror cxample, protelns may contain the aromatlc amlno ac1ds tryptophan,

fphcnylalanlnc and tyr051ne, Whlch absorb below 315 nm, and one ‘0T more

prosthet1c groups or cofactors Wthh absorb V151b1e and ultrav1olet )

l1ght Among subcellular partlcles chloroplasts possess espec1ally

~c0mplex absorptlon spectra due to chlorophyll caroten01ds cytochromes,
| non—heme 1ron prote1ns, flavoprotelns, qu1nones and plastocyanln It

is often de51rab1e to study such systems by a varlety of spectroscoplc

technlques, each of which provides a’ dlfferent type of 1nformat10n

- We shall dlSCUSS the 1nterpretat10n of the natural and magnetlc circular

dlchr01sm (CD and MCD) of mu1t1chrom0phor1c systems. we wish to empha-

'.Slze the complementary nature of these technlques.

Splnach ferredox1n (Fd) is a good example of a proteln W1th more
than one chromophore.. Ferredox1ns are redox carrlers found in the elec-
tron transfer systems of a wide variety of organlsms (for a review see
Ref. 1). Dependlng-on the source, ferredoxins contaln from two to eight
ironnions'and'an equal nqnber of inorganic sulfur'atoms.‘ The iron ions.
are compleied’with the'inorganic solfurs and the solfur atoms of cysteine

re51dues. The iron-sulfur complex glves rise to the broad absorptlon

".bands whlch extend throughout the v151b1e and UV’ spectral reglons

Splnach ferredox1n contalns two iron 1ons. " In addltlon, there are also
four tyr051ne, two phenylalanlne, and one tryptophane resxdues which
absorb between 250 and 315 nm. e

Flgure 1 shows the absorptlon Spectrum, (D and MCD of reduced |
Splnach ferredox1n from 250 to 630 nm. The VlSlble and near UV absorp-

tion is presumably,due.tO'charge transfer transitions between the iron
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'since small perturbations have little effect on the MCD.

onc or morc of the aromatic acids has changed as a result of oxidation.

One obvious explbanation is that oxidatioh changes 'the-_terti_ary structure

of the protein which may be associated with its binding specificity or

the conformation of the iron-sulfur complex. The aromatic amino acids

are thus acting as probes of the conformation of the protein or 'CD
reporters".‘

" To qualify as an MCD marker, a chromophore must posséss a 3-fold
or higher axis of symmetry.?l The symmetry7n¢ed not‘be exact, however,

9 In addition

to tryptophan, purines (but not the pyrimidines)6 and some metallopor-

. phyrins are good MCD markers. .Cytochromes- are particularly interesting,

since in their reduced state they are excellent MCD markers while in
the oxidized form their MCD is decréased by ab'out'a factor of 20. In

a solution of oxidized cytochrome c which contains a few percent of the

“reduced form, the MCD clearly indicates the presence of the reduced

material, while no indication of reduced protein is obvious in the absorp-

10 Chlorophyll molecules are not good MCD markers, since

tion spectrum.
the degeneracy of their excited states has been l:ift»ed by the S member
‘iso_cyclic ring. Thus, in)chlor’oplast préparétions 6ne can detect reduced
cytqchromés even though they represent a small fra{:tion of the absorption
of the system.ll | '

| MCD markers often have a plane or center of symmetry and thus have
no CD of their own, 'fhese molecules’ or groups make excellent reporters
since their (D is caused by interactions with their surroundings .

The experimental techniques for measuriéng CD and MCD are very

similar. However, the.physicai b‘a‘s'is of the two phenomena are quite
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dlffel“cnt and as we hava shown, they prov:.de complementary mfomauon

about comphcated biochemical systems.
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12 ‘and was dissolved in .15 M phosphate buffer, pH 7.3.

| 1 Tagaw:i and Arnon
"It was reduccd thh sodium dithionito whlc.h contributes shghtly to me

which has been described elsewhora. 10
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E Fig. 1. The absorption, CD and MCD of reduced spinach ferredoxin in

The protein was extracted by the method of

L w absorptz.on spectrum.’ Measuranents were made with a spectrameter
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Figa 2. The absorptz.on, .CD and MCD of oxnhzed sp:mad1 ferredoxm.

The protein was in .15 N phosphate buffer. pH 7.3, and was- autooxidized.
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