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transfer; and bound (crosslinked) small 
molecules (usually ruthenium complexes) 
to protein electron transfer. The last 
method. in avoiding the need to deter
mine independently the binding constants 
and sites of the reagents. is particularly 
attractive. and it is this method that Isied 
and collaborators have used to produce 
their disturbing results. 

Before discussing the results of Isied's 
group in detail. we will briefly describe the 
ribbon structure of cytochrome c (see 
figure). X-ray diffraction studies of crys
tals of the protein and nuclear magnetic 
resonance studies of the protein in solut
ion leave no doubt that the ribbon struc
ture undergoes only a small change from 
the Fe(lI) to the Fe(m) state. Nuclear 
magnetic resonance additionally provides 
a dynamic map of fluctuations and their 
energetics in the protein and has also been 
used to analyse the structural change and 
energetics associated with substitution at 
the iron (see figure). This is a first-order 
groove-opening reaction dependent on 
the breaking of the Fe(m}-methionine 80 
bond and some small protein rearrange
ment involving a concerted movement of 
the section of the protein mainly under the 
haem. As a result of these studies. the 
following position was firmly established 
before the report of Isied's group. 

(1) Electron transfer is a reversible 
phenomenon. which is axiomatic for self
exchange. Provided differences in redox 
potential are taken into account for for
ward and back reactions. there is no doubt 
about reversibility of electron transfer to 
or from free anions (ferrocyanide), bound 
cations (ruthenium derivatives) or other 
proteins (cytochromes b) . There were no 
known gated bimolecular reactions in
volving cytochrome c. 

(2) A small activation energy is associat
ed with electron transfer for all three types 
of reaction with some small protein rear
rangement (see figure), but electron 
transfer could not involve a step as ener
getic as the Fe-Met bond break or ring 
flips - that is. electron transfer has an 
activation energy of 10--20 kJ and not of 
the order of 50--100 kJ. 

(3) There is an understandable distance 
dependence for electron-hop transfer wi th 
a rather higher transmission coefficient 
than expected from theory. This helps to 
allow long-range (10--15 A) electron trans
fer at rates as fast as is commonly found in 
protein-to-protein electron hopping. 
Protein-small molecule (free or bound) 
electron transfer is usually somewhat 
slower and complicated by solvent relax
ation energies, that is, the same type of 
relaxation, but larger, as that of the small 
conformation change in the metal protein 
on redox change, where the protein is the 
effective solvent. 

(4) Electron transfer at these low redox 
potentials has little dependence on the 
chemical (amino acid) between the 

Dame Honor Fell FRS (1900-1986) 
DAME Honor Fell FRS, who died on 22 
April, was the pioneer of the technique of 
organ culture by which small organs or 
organ rudiments can be successfully grown 
in vitro. In such cultures the various tissue 
components and their spatial relationship 
and function are preserved so that the 
explanted organ closely resembles the par
ent tissue in vivo. In her hands the method 
proved particularly suitable for the study 
of developmental processes in fetal organ 
rudiments but has since been adopted and 
is still used for the cultivation of adult 
tissues. 

Using this method she made a major 
contribution in the elucidation of the pro
cesses involved in skeletal development. 
She showed that both avian and murine 
limb bone rudiments have a remarkable 
capacity for self-differentiation and will 
grow and differentiate in the same manner 
in vitro as the organs in situ. She further 
showed that both growth and differentiat
ion could be modified by extrinsic factors, 
such as vitamins and hormones. 

An important example of this modificat
ion is the influence of vitamin A on the 
differentiation of cartilage and ectoderm. 
She showed that vitamin A added to the 
culture medium of avian ectoderm mod
ified the direction of epithelial differentiat
ion. The vitamin suppresses normal kerat
inization and induces mucus-secreting 
ciliated epithelium instead associated with 
an increase of sulphur uptake by the meta
plastic cells. In embryonic cartilage the 
vitamin causes a severe breakdown of the 
matrix with a loss of metachromasia. 

This finding formed an important link 
with her more recent investigations into 

centres, whereas at high potential aroma
tic groups can act as hopping stations. 

The experiments of Isied and collabor
ators throw all of these conclusions into 
question. Their results seem to show that 
the electron-transfer rate. properly cor
rected for redox potential, can be depen
dent on the direction of electron transfer, 
that is , it is irreversible. This means that 
different micro-states are involved for the 
reaction RU(lI) to Fe(m) and Fe(lI) to 
RU(JII) in cytochrome c. Unless there is a 
gross experimental error in the characteri
zation of species (for example, in struc
ture) this means that this electron transfer 
can be gated. 

The authors offer explanations as to 
how this could come about and they refer 
to the conformational states of cyto
chrome c we have described above . It has 
to be admitted that some states, such as 
those involved in the flipping of certain 
aromatic rings and groove openings, do 
involve activation energies of up to 100 kJ 
per mole. but it is hard to see how these 
motions could have anything to do with 
the electron-transfer steps in only one 

the mechanisms involved in joint damage 
in arthritis. To simulate the rheumatoid 
pannus she grew pig articular cartilage in 
association with synovium and showed that 
the synovium, either in direct contact with 
the cartilage or in medium conditioned by 
synovial cells, has, like vitamin A, a del
eterious effect on the cartilage ground sub
stance, leading to a loss of proteoglycans 
and collagen, and of metachromasia. 

Together with her colleagues at the 
Strangeways Research Laboratory, Cam
bridge, United Kingdom, she traced this 
effect to a factor secreted by the synovial 
cells, now identified as the polypeptide 
catabolin/ILI. Her finding constituted a 
major advance in the understanding of 
joint destruction in arthritis and forms the 
basis of much vigorously pursued inter
national research in this field. 

Honor Fell obtained her PhD in Zoology 
at Edinburgh University in 1923 and the 
same year joined Dr T .S.P. Strangeways at 
what was then the Cambridge Research 
Hospital. After his death in 1926 she 
became Director of the Laboratory now 
renamed Strange ways Research Labor
atory in 1928, a post she held until 1970. 

Under her directorship the smalllabora
tory grew to a major institute of world
wide reputation. In the post-war years the 
laboratory became a focal point for visiting 
biologists from abroad whom she trained 
in in vitro methods and who came to rely on 
her advice, guidance and encouragement, 
which were unstintingly given. She was one 
of the most outstanding biologists of this 
century and her death means the end of an 
era in biomedical science. 
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direction, especially as they are not in
volved in the other reactions described 
above. This is not to say that in some pro
teins. such as cytochrome P-450. electron
transfer reactions are not gated - in the 
case of P-450 they are gated by substrate 
binding. But in the very simple case under 
discussion we have a puzzle on our hands. 
in that one set of observations is complete
ly out of line with all the others . Clearly 
the puzzle can be resolved only with a 
large series of measurements. 

Given the importance of the observa
tions of Isied and colleagues it is essential 
that at least one other group of inorganic 
chemists makes the same study indepen
dently . Until that is done we face the data 
with bewildered amazement, frankly hop
ing that they will go away. If they do not, 
we must re-examine a considerable part of 
our thinking about protein energy states 
and not just about electron transfer . 0 
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