
Meetings 

Cytochromes: Chemical and 

Structural Aspects 

The Symposium on Cytochromes- 
Chemical and Structural Aspects is the 
fifth in a series of meetings emphasizing 
the mechanisms of biological oxidation. 
The series began with the Symposium 
on Enzyme Chemistry in Tokyo 10 
years ago, and was followed by the 
Canberra Symposium on Haematin En- 
zymes in 1959, the Amherst Meeting 
on Oxidases and Related Redox Sys- 
tems in 1964, and the Johnson Founda- 
tion Colloquium on Hemes and Hemo- 
proteins in 1966. The most recent meet- 
ing was organized by Kazuo Okunuki 
and Martin D. Kamen; it was held at the 
UNESCO Hall near the top of Mount 
Rokko in Kobe, Japan, 16-18 August 
1967. Approximately 150 scientists reg- 
istered for the meeting, of whom ap- 
proximately 70 were from outside Japan. 
The well-organized program focused 
upon structural rather than functional 
aspects of the hemoproteins. 

The first program dealt with cyto- 
chrome oxidase. Q. H. Gibson summa- 
rized the kinetic approach to the func- 
tion of cytochrome oxidase; he empha- 
sizes using the flash photolysis method 
for the determination of the sequence 
of rate constants for the oxidation re- 
actions of the two hemes (a and a3) 
and of the copper moiety of cytochrome 
oxidase. Gibson's experiments set defi- 
nite limits on possible mechanisms. He 
detected no oxygenated compound of a 
lifetime longer than approximately 10 
utsec, and found the remainder of the 
kinetics to be consistent with two heme 
intermediates and one copper inter- 
mediate. 

So-called oxygenated compounds, 
studied in detail by Okunuki, Lemberg, 
and Wainio, are detected when the 
dithionite-reduced oxidase is treated 
with oxygen. Although neither Gibson 
nor Chance could detect the existence 
of the compounds in the initial por- 
tions (10 /sec) of the oxygen kinetics, 
there is great interest in their ultimate 
function. 
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Beinert reported new electron-spin- 
resonance (ESR) data on cytochrome 
oxidase, with detailed titrations of the 
reduction of the components of a puri- 
fied cytochrome oxidase preparation. 
His experimental data apparently require 
the consideration of three ESR signals 
(the copper signal, heme signals where 
g = 3 and g = 6, respectively) in oxi- 
dized cytochrome oxidase. Interestingly 
enough, the ESR signals corresponding 
to the "oxygenated" compound were 
observed to be no different from those 
of oxidized cytochrome oxidase, at least 
under the experimental conditions em- 
ployed by Beinert. Ehrenberg reported 
preliminary results based on an in- 
creased intensity of the copper ESR 
signal. The increase was attributed to 
a change in the spin state of one of the 
hemes. Mason described some proper- 
ties of a copper-deficient cytochrome 
oxidase and its reconstitution. 

Horio has made an extensive study 
of the oxidation-reduction potentials of 
cytochrome oxidase; he has identified 
three heme a components of Eo'< 
0.338, 0.300, and 0.208 volts. 

The finding of Ishimura that the 
cyanide and CO-binding constants for 
tryptophan pyrrolase could be altered 
by two orders of magnitude by bind- 
ing tryptophan now focuses special at- 
tention upon the allosteric control of 
reactivity in this enzyme. Binding con- 
stants for cyanide to the pyrrolase of 
10-4M in the absence of tryptophan 
are converted to 10-6M in the presence 
of tryptophan, a value which is 
characteristic of most peroxidases as 
well. In this sense, tryptophan addition 
acts almost as if it compensated for a 
deletion in the structure of the pyr- 
rolase. 

The chemical structure of the heme 
of cytochrome oxidase vas discussed 
by Caughey, Lynen, and Lemberg. The 
hexose sugar moiety, previously sug- 
gested by Caughey, has not been sub- 
stantiated by subsequent studies in his 
laboratory nor in those of Morrison 
or Lemberg. However, the presence 
of two types of heme a derived from 

cytochrome oxidase, as first proposed 
by Morrison, has Ibeen confirmed by 
Caughey. Lynen has extended his defin- 
itive studies on the structure of cyto- 
hemin of yeast with the positive identi- 
fication of the C-17 side chain; farnesyl 
pyrophosphate seems to be the exclu- 
sive precursor of cytohemin. Thus, 
greater agreement now seems to exist 
concerning the structure of heme a. 
The only question, raised by Caughey, 
is whether the free hydroxyl group ex- 
ists in the compound in its state in 
nature. 

I. Sekuzu, representing Okunuki's 
group, discussed the relation of various 
polymeric forms of cytochrome oxidase 
to its function. He concluded that the 
dimer form was at least necessary for 
optimal activity; since the activity 
of the dimeric form is approximately 
threefold higher than that of the usual 
tetramer preparation. A similar study 
has been made by Morrison, in which 
he suggests that the enzyme consists of 
two to three heme a and three coppers. 
Sekuzu also showed that the mode of 
binding of copper with the enzyme is 
strictly related to its specific sulfhydryl 
group, and that the conformation change 
to the monomer enables the ready 
removal of the copper by chelators, with 
accompanying loss of activity. Sekuzu 
also noted that variable ratios of cyto- 
chromes a and a3 can be obtained by 
comparing properties of a highly puri- 
fied yeast cytochrome oxidase. 

Horie described a cytochrome oxidase 
preparation in which the heme a of 
cytochrome a3 had been partially de- 
stroyed. Chemically, there seems to be a 
difference in the heme or the heme- 
protein linkage of the oxidase, although 
the question of whether the heme a is 
associated with a single protein or exists 
as separate hemoproteins remains un- 
resolved. 

Nicholls and Slater discussed the 
azide compound of cytochrome oxidase 
in detail; the former emphasized the 
change of redox potential caused by 
azide binding, and the latter indicated 
the existence of two types of azide 
compound. The apparent discrepancy 
between the concentration of azide re- 
quired to cause a spectroscopic altera- 
tion of the absorption of cytochrome 
oxidase and the concentration required 
for inhibition of enzymatic activity has 
now been resolved by the detailed stud- 
ies reported by Slater. 

T. E. King and D. W. Urry discussed 
optical rotatory dispersion and circular 
dichroism measurements of cytochrome 
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oxidase. King's discussion was in terms 
both of hematin a and cytochrome ox- 
idase, with particular emphasis on the 
optically active center associated with 
the disputed side chain hydroxyl group. 
Urry interprets his results on the as- 
sumption that the two hemes of cyto- 
chrome oxidase are closer to one 
another in the ferrous than in the fer- 
ric state. 

L. Smith reported on experimental 
methods for obtaining maximal activity 
of a particular cytochrome oxidase prep- 
aration toward cytochrome c and ob- 
tained turnover numbers of cytochrome 
aa as high as 300 per second. 

Papers by Dickerson and Kraut dealt 
with the 4-A structure of horse heart 
ferri-cytochrome c and the 5-A struc- 
ture of photosynthetic bacterial cyto- 
chrome c2, respectively. The x-ray crys- 
tallographic data show the heme of 
cytochrome c to be inserted sideways 
into a deep cleft in the protein, leaving 
an edge nearly flush with the surface. 
The agreement of the crystallographic 
data with the known amino acid se- 
quence points to a satisfactory comple- 
tion of the high resolution structure in 
the near future. At the present time, 
the structure allows some interpretation 
of the nature of the folding process 
in the synthesis of the protein. In this 
connection, Lemberg noted that por- 
phyrinogen readily recombines with 
apo-cytochrome c, as originally shown 
by Sano. Heme binding is well-estab- 
lished for histidine-18 and highly prob- 
able for methionine-80 although the 
possible role of tryptophan-59 cannot 
be excluded as yet. The structure also 
affords possibilities for a cytochrome 
oxidase binding site, and for inter- 
action with lipid membranes by means 
of the "hydrophobic patches" on the 
surface of the structure. Less progress 
has been made in the lower-resolution 
structure for bacterial cytochrome c2. 
Nevertheless, the available data indicate 
the approximate 'locations for the two 
cysteine and histidine linkages, with 
possibilities for a methionine linkage. 

There are several challenges ahead 
for the crystallographer. First, the in- 
teraction with the heme group of groups 
that lie at the back of the heme crevice 
(for example, tryptophan-59) must be 
more clearly resolved. Second, the 
question of whether significant confor- 
mation changes occur in oxidation and 
reduction needs further study, although 
it seems to have been partly resolved 
by the study of bacterial cytochrome 
c2. In this case, the oxidized and re- 
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duced forms are isomorphous, indicat- 
ing that any conformational differences 
between the two structures may be re- 
stricted to small structural changes such 
as those found in MbFe3+CN. Thus, it 
seems likely that large conformation 
changes are not essential to the electron 
transfer process in cytochrome c, al- 
though small changes may be of signifi- 
cance in both electron transport and 
energy conservation. The crystallograph- 
ic structure does provide points of im- 
mediate interest in this respect. If, in- 
deed, the conformation change in- 
volves the movement of one of the 
heme linkages, it is more likely to in- 
volve the methionine-80 than the histi- 
dine-18 in both cytochromes studied 
so far. 

E. L. Smith, in discussing the cyto- 
chrome c structure, focused consider- 
able attention on tryptophan-59 as an 
invariant component of the available 
sequences. T. Yonetani showed that re- 
action of this group with bromo-suc- 
cinimide had a remarkable effect on 
the spin state of the iron, though re- 
action of methionine residues was 
not excluded as a possible cause of the 
observed effect. In synthetic heme pep- 
tides, S. Sano showed that methionine 
linkage to the iron gave a heme pep- 
tide with a 552-myr absorption band, 
while a tryptophan linkage to the iron 
gave an absorption band at 550 m/A. 
Sano has also made a very good start 
on the synthesis of cytochrome c, hav- 
ing shown, among other things, that 
the histidine-18 cannot be substituted 
by lysine. 

The remarkably exhaustive studies 
of E. Margoliash and E. Smith on the 
primary sequence of cytochrome c 
from various sources affords a firm 
basis for considerations of evolutionary 
phenomena (Smith) as well as genetic 
and immunological characterizations 
(Margoliash). The latter are of special 
interest in the sense that one of the 
groups responsible for antigenicity ap- 
pears to have been pinpointed as isoleu- 
cine-58. Conformation changes asso- 
ciated with oxidation and reduction are 
also identified with the immunological 
technique. The chicken protein which 
has so far shown no effect of reduction 
on its immunological response is con- 
cluded, therefore, to show very little 
conformation change on reduction in 
this particular case. This was confirmed 
by direct observations of crystals un- 
dergoing reduction with sodium dithio- 
nite. 

Dus reported the primary structure 

of cytochrome c2 and K. Wada pre- 
sented the amino acid composition of 
heme peptide purified from beef heart 
cytochrome cl. 

After the morning session of formal 
presentation Kamen initiated an experi- 
ment in the presentation and discussion 
of many contributed papers. Arranging 
five or six papers intoi topic-oriented 
groups, the authors were asked to give 
2- to 3-minute summaries of new 
data not in the preprint, and then re- 
spond to questions from the audience 
as a group. Unfortunately, the assump- 
tion that all participants had read and 
digested the 400 pages of preprints was 
wishful thinking, and as a consequence, 
many interesting topics which might 
have been discussed failed to receive 
the full attention and consideration they 
deserved. 

Another aspect which receives con- 
siderable attention concerned the opti- 
cal rotatory dispersion (ORD) and cir- 
cular dichroism studies of cytochrome 
c presented by Urry and by Hama- 
guchi. The inability of the ORD meth- 
od to distinguish between changes of 
helicity and parallel or antiparallel 
f-structures affords a reconciliation of 
previous estimates of appreciable helic- 
ity of the cytochrome c molecule with 
the finding of almost no helicity in the 
crystallographic structure. Flatmark 
had attributed the error in interpreta- 
tion of the ORD data to symmetrical 
interactions of the side chains of the 
aromatic amino acids with the polypep- 
tide chains. The ellipticity centered 
around 263 m,u appeared to be one of 
the more prominent and constant fea- 
tures of CD studies discussed by Flat- 
mark, Hamaguchi, and Urry. 

A second approach to the structural 
changes which occur was summarized 
in several papers which described stud- 
ies on the nature of the 695-myt ab- 
sorption band: this absorption band is 
taken to identify the "native" form of 
cytochrome c. Chance and Wilson 
showed that cytochrome c in situ in 
mitochondria of pigeon heart and beef 
heart exhibit this "native" absorption 
band. However, in accordance with the 
unreactivity of bound cytochrome c to- 
ward cyanide, the cytochrome c bound 
to mitochondria lacks the relative ther- 
molability of the isolated material. C. 
Greenwood and G. R. Williams both 
supported the proposal that the inten- 
sity of the 695-my/ chromophore is re- 
lated to a specific conformation change 
closely associated with the iron-imida- 
zole structure. Williams pointed to the 
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possibility that this chromophore may 
not, however, be functionally involved 
in the reactions of the hemoprotein 
with ascorbic acid. Of further interest 
were the responses of the 695-m/r chro- 

mophore to tetranitromethane, which 
differed depending on whether the cyto- 
chrome ,was initially oxidized or re- 
duced. 

Many modifications of cytochrome 
c were reported, among them Morri- 
son's addition product of cytochrome 
c and quinone that shows ascorbic 
acid oxidase activity in which, interest- 

ingly enough, the cytochrome c valency 
state of the heme of the iron appears 
to be unaltered. 

T. Yamanaka and T. Haneishi both 
described exhaustive studies on the 
oxidizability of cytochromes of type c 
isolated from an extremely wide va- 
riety of organisms including many spe- 
cies of fungi. The reactivity of cyto- 
chrome c with Pseudomonas cyto- 
chrome oxidase appeared to reflect the 
evolutionary relationships of the orga- 
nisms from which the cytochrome c 
had been isolated. Yamanaka has pro- 
posed a model for evolutionary relation- 

ships on this basis. 
The value of those studies of com- 

parative biochemistry involving the rel- 
ative activities of various types of cyto- 
chrome c's was tempered by the ques- 
tionable validity and variability of the 
assay methods for cytochrome c oxidase. 

T. Masuda studied the reaction of hy- 
drated electrons with cytochrome c, 
and concluded that the reaction was 
diffusion-controlled, although he had 
some difficulty in explaining the details 
of the molecular statistics. 

Bartsch reported the binding of flavin 
to two cytochromes from photosynthetic 
bacteria, Chlorobium cr53 and Chroma- 
tium c552. The nature of flavin moiety 
is as yet unknown, but the possibility 
that a flavin peptide is involved is not 
ruled out, although electron transfer 
between the flavin and the heme has 
not yet been clearly demonstrated. The 
possibility that Chromatium c,52 has two 
closely interacting hemes is suggested 
by the relatively low extinction coeffi- 
cient for its CO-compound and by the 
circular dichroism data which suggest 
that two hemes are close enough to- 
gether to permit interaction between 
their electron systems. Chromatium 
c,2 is the cytochrome whose light-acti- 
vated oxidation is observed to persist 
even at extremely low temperatures. 

E. Yakushiji has continued his classi- 
cal studies of algal cytochromes c, in 
which the crystallization and characteri- 
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zation of many types of cytochrome c 
obtained from red, green, and brown 

algae allow the tracing of the nature 
of the photosynthetic cytochrome from 
the c-type of the algae to the f-type 
of higher plants. Mitsui reported on 
the crystallization of Euglena cyto- 
chrome c522; so far, his preliminary at- 

tempts to find histidine in the heme 

peptide of either the Euglena c522 or 
the Porphyra c553 have been unsuccess- 
ful. However, Dus recalled that histi- 
dine is seldom recovered under the 
conditions of assay described, and no 
significance can be attached to these 
observations as yet. 

C. T. Gray reported the changes of 

cytochrome patterns in Escherichia coli 
and Enterobacteriaceae, respectively. 
The paradoxical finding that mutant 
cells, incapable of reducing nitrate to 
nitrite, showed the highest levels of the 

c-type cytochrome raised some questions 
as to the functionality of this cyto- 
chrome in nitrate reduction, and on the 
relationship of the intracellular enzyme 
concentration to enzyme activity as 
well. 

The relationship between tertiary 
structure and electron transport func- 
tion in cytochromes was studied from 
the kinetic point of view by Chance. 
He concluded, on the Ibasis of similarity 
of oxidation and reduction rate con- 
stants in the sequence a-c-cl, that the 
structural asymmetry of cytochrome c 
had been "averaged out." This could 
be accomplished by thermal rotation 
of the cytochrome about its point of 
attachment or by mechanisms that al- 
lowed nearly equally effective electron 
transfer from cl to c, and from c to a 
either by proximity of the three hemes 
to one another, or by electron tun- 
neling processes involving 'barriers of 
different widths and heights. Some hy- 
potheses for the control of electron 
flow in membrane systems were based 
upon analogy with the effects of lattice 
constraints upon the reactivity of 
crystalline hemoproteins, or of London 
force ligands such as xenon. No xenon 
binding to cytochrome c was found by 
Dickerson. Thus xenon is specific in 
its interactions with hemoprotein. 

DeVault based a novel hypothesis of 
oxidative phosphorylation upon the idea 
of Cusanovitch that the multiplicity of 
cytochromes in bacteria may in part 
be due to multiple forms of the same 
cytochrome in different energy and re- 
dox states. 

Two papers explored the nature of 
the mitochondrial membrane. Penniston 
described the segments of the respira- 

tory chain obtained by disruption, with 
particular emphasis on the cytochrome 
b-c complex. Oda discussed the possi- 
bilities of reconstituting functional elec- 
tron transport of phosphorylating parti- 
cles associated with the reformation 
of membrane-like structures. While 
some progress has been made, incisive 
tests which might evaluate whether the 
reconstruction involves artifactual elec- 
tron transport and phosphorylative path- 
ways are lacking. Penniston suggested 
that the sequence from cytochrome b 
to cytochrome c contains five individual 

electron-transporting components, which 
are believed to act in a concerted fash- 
ion to achieve the necessary free energy 
difference of 22 millivolts. Slater, how- 

ever, emphasized that a free energy 
gap of 16 kilocalories is required to 
achieve the high ratios of ATP to 

ADP-Pi observed experimentally in ox- 
idative phosphorylation and ion move- 
ment. 

The discussion on peroxidase began 
with Mossbauer studies by T. Moss and 
Y. Morita, employing horseradish pre- 
pared from European and Japanese 
varieties of the plant. The difference 
in their values for quadrupole split- 
ting of the ferric enzyme at 77?K 

(1.83 and 2.47 mm/sec, respectively) 
are probably attributable to the differ- 
ent distribution of high and low spin 
states in the two enzymes. On the other 

hand, the ethyl hydrogen peroxide de- 

rivative, compound II, was found to 
have very similar values for quadrupole 
splitting and isomer shift, the values at 
77?K being approximately 1.4 mm/sec 
for quadrupole splitting in both species, 
and -0.24 and -0.35 for the isomer 
shift when corrected to the same refer- 
ence standard. The similarity between 
these negative isomer shifts in the ethyl 
hydrogen peroxide compound and those 
observed in the d4.7 ferrocyanide pro- 
vides confirmation that the iron in the 

peroxide intermediate has moved from 
the Fe3+ state of HRP to the Fe4 + 

state. A substantial part of the charge 
associated with the formal 4+ valency 
state is localized on the iron. 

Morita observed that peroxidase, 
when over 80 percent in the form of 
its primary intermediate, compound I, 
shows quadrupole splitting and isomer 
shifts at 77?K almost identical to those 
of compound II (1.33 mm/sec and 
-0.34, on the basis given above). These 
very important results (more recently 
confirmed by Moss in a personal com- 
munication) indicate that approximate- 
ly the same valency charges are asso- 
ciated with the iron atom in each com- 
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pound. This is in agreement with sug- 
gestions put forward that the additional 
oxidizing equivalent of the primary in- 
termediate is associated with the me- 
thene bridges of the porphyrin ring, as 
indicated by the unique spectra of these 
primary complexes. 

These results on valency states of the 
peroxidase intermediates can be con- 
sidered in connection with Moss's in- 
terpretation of M6ssbauer data indicat- 
ing a formal 3+ charge on the iron 
atom of oxyhemoglobin. Such an as- 
signment is in agreement with Witten- 
berg's suggestion for the structure of 
the oxygenated compounds of horse- 
radish peroxidase and myoglobin based 
upon spectroscopic studies at tempera- 
tures of liquid helium. A similar con- 
figuration is adopted by Yamazaki, 
who studied the sequence of one-step 
reductions: Fe3 +02 

- FeO2H2 - 

FeOH using dimethylparaphenylenedia- 
mine. It is important, however, to note 
that these oxy- and peroxy-compounds 
exhibit the chemical characteristics of 
the lower valency state. From the chem- 
ical standpoint, the characteristics of 
the higher valency state may be no 
more apparent than are those of ferro- 
cyanide. 

The 37-year-old question of the na- 
ture of the para-peroxidase and wheat 
germ peroxidase seems to have been 
resolved to a considerable extent by I. 
Yamazaki's identification of a remark- 
ably high binding constant for cyanide 
in these aberrant peroxidases: 10-9M 
in the ferric form and 10-7M in the 
ferrous form. The question of whether 
the liganded form affords these peroxi- 
dases a special redox function poses 
an interesting problem for the future. 

Yonetani's Mossbauer data on cyto- 
chrome c from yeast has verified its 
low spin nature and further demon- 
strated the decoupling of spins by an 
imposed magnetic field. Wittenberg, on 
the basis of ESR spectra taken at 4?K, 
put forward an objection to the exclu- 
sive assignment of higher oxidation 
state to the iron atom in the peroxide 
compounds of peroxidase. Chance's rap- 
id flow studies showing that an absorb- 
ancy change at 403 m,u occurs slightly 
in advance of that at 424 m/, pro- 
vided kinetic evidence for the very 
rapid reduction of the initial peroxide 
complex in the yeast peroxidase in an 
intramolecular reduction with a half- 
time of 50 ,usec. Morrel has studied 
the sulfhemoglobin compounds in con- 
nection with his work on the chromo- 
phores of myelo- and lacto-peroxidase. 
He concludes that a free radical mech- 
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anism is involved in the formation of 
sulfhemoglobin, one of the interme- 
diates being a ferrous H202-hemoglobin 
compound. He also reported that in 
sulfhemoglobin, as in myeloperoxidase, 
the prosthetic group is a new Cl-S 
compound rather than hydrogen added 
to a ,f-pyrrole double bond. 

Baudras and Iwatsubo presented their 
recent experimental data on the suc- 
cessful reconstitution of cytochrome 
b2 and on its fluorescence and ORD 
properties. The possibility that there 
may be direct intramolecular transfer 
of electrons from the flavin to the 
heme of cytochrome b2 remains un- 
confirmed but kinetic experiments seem 
to exclude such a possibility. 

There followed two most interesting 
papers on the primary structure of cyto- 
chrome b5 from P. Strittmatter and 
B. Hagihara, who employed calf and 
rabbit liver, respectively. Although a 
number of similarities exist, it is possible 
that Hagihara's preparation method has 
extracted a somewhat larger molecule 
from rabbit microsomes than Strittmat- 
ter has from calf liver: a molecular 
weight of 11,500 versus 11,000. Hagi- 
hara stated that he could prepare cyto- 
chrome b5 containing methionine as 
well, and R. Sato believes that the 
molecular weight of the native b, mole- 
cule may approach 30,000. However, 
the definition of a native cytochrome b 
appears to be rendered meaningless by 
the fact that the microsomes them- 
selves contain considerable cathep- 
sin activity. Ehrenberg described EPR 
studies of a cytochrome b5 prepara- 
tion from pig liver with a molecular 
weight of 12,800. The ESR data :at 
88?K show mainly low spin resonances; 
however, reversible increases of the high 
spin signal and changes in the charac- 
ter of the low spin signal are obtained 
at pH 12. Volume magnetic suscepti- 
bility measurements indicate the oxi- 
dized and reduced forms to be low 
spin. As measured directly in the micro- 
some, cytochrome b5 shows some 
trace of the low spin form, although 
this is difficult to observe tbecause of 
its width and low intensity relative to 
the large ESR contribution of cyto- 
chrome P450 (FeX). 

A discussion of microsomal cyto- 
chrome P450 began with a study of 
model compounds, particularly the re- 
action of ethyl isocyanide with proto- 
hemin which, according to R. Sato, 
showed many properties similar to those 
of the natural pigment. His general con- 
clusion was that two interacting hemes 
are present in P450. each, depending 

upon the strength of their interaction, 
giving the various spectral forms at 
P450. However, the identification of 
two hemes in native P450 remains un- 
clear. 

T. Yamano studied the effect of a 
number of reagents in demonstrating 
the spectroscopic and EPR conversion 
states of P450. He postulated only one 
heme in this unusual hemoprotein, but 
emphasized hydrophobic bonding in the 
natural state. Estabrook provided kinet- 
ic and titrametric data on the reaction 
of P450 with oxygen, giving a dissocia- 
tion constant in the range of 5 /xM, 
with a half-time of 100 msec for the 
reaction with 15 /xM oxygen. It was 
apparent that the kinetic relationships 
and functional activity of P450 are such 
that it may be totally oxidized in the 
steady state. Appleby has greatly ex- 
tended the range of occurrence of P450 
by finding it in bacteroids from soy 
bean nodules. The pigment was 60- 
fold purified. Spectroscopic and other 
data indicate it has properties remark- 
ably similar to those of the mammalian 
pigment. In common with Sato, Apple- 
by postulated two hemes, and a cop- 
per moiety as well, and proposed vari- 
ous interactions between these hemes 
to explain the various structural moie- 
ties. The possible functional role of 
P450 in yeast or bacteroids remains 
undetermined. Mori described cyto- 
chrome b (p-574); although he has ac- 
complished partial isolation of this un- 
usual pigment from a haloterant Mi- 
crococcus, he was unable to identify its 
function in these organisms. 

J. Keilin presented new results on 
helicorubin and cytochrome h of the 
snail, giving revised molecular weights 
of the order of 12,500 and preliminary 
data on the amino acid composition. 
Of considerable interest was the appar- 
ent absence of methionine, and the 
high content of proline in each hemo- 
protein. Whereas the prosthetic group 
in helicorubin is protoheme, in cyto- 
chrome h it is more likely to be hema- 
toheme. Since clearcut structural dis- 
similarities between cytochrome h and 
helicorubin are now established, the 
function of helicorubin and the relation- 
ship of the two pigments become of 
great interest, bearing in mind that both 
react well with a bacterial oxidase, but 
poorly with mammalian cytochrome c 
oxidase. 

In the final presentation, Wainio de- 
scribed cytochrome b of the respira- 
tory chain from a partially purified, 
cholate-treated preparation. This cyto- 
chrome b showed differences in the 
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equilibrium established by a variety of 
reducing agents, which led Wainio to 
conclude that different forms of this 
cytochrome exist, at least in his prepa- 
ration. 

Kamen ended the symposium with a 
short discourse, in which he stressed 
the importance of the structural and 
immunological implications of the re- 
cent elaboration -of the tertiary struc- 
ture of cytochrome c and c2. He ex- 
pressed the hope that primary sequence 
determinations of cytochrome c will 
lead eventually to the elucidation of its 
structure, or to its chemical synthesis, 
and that the chemical synthesis of other 
cytochromes would be achieved as 
well. Kamen reminded the gathering 
that the difficulty in interpreting the re- 
sults from various preparations of the 
oxidase extracted from cells and tissues 
still remains. 

A full publication of the Symposium 
will be edited by Kazuo Okunuki and 
Martin D. Kamen. It will be published 
by the University of Tokyo Press. 

BRITTON CHANCE 
School of Medicine, 
University of Pennsylvania, 
Philadelphia 19104 

Phenotype: Postnatal Development 

An international symposium on the 
Postnatal Development of Phenotype 
was held 18-22 September 1967 at the 
castle of Liblice, Czechoslovakia, under 
the auspices of the Czechoslovakian 
Academy of Science. The organizer of 
the conference was Jiri Krecek (Insti- 
tute of Physiology, Prague) and the 
general chairman was R. A. McCance 
(Infantile Malnutrition Research Unit, 
Uganda) who was awarded the Pur- 

kyne Medal by the Czechoslovakian 
Academy of Science during the meet- 
ing. 

In one of the opening papers, Krecek 
described his Institute's research pro- 
gram on the effects of early weaning 
in rats; he stated the thesis that the 
period of weaning in mammals is a 
critical one inasmuch as several ibasic 
physiological processes are being reor- 
ganized at this time, particularly those 
involving salt balance, general nutri- 
tion, and fat intake. Other workers 
described the results of early weaning 
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conclude that different forms of this 
cytochrome exist, at least in his prepa- 
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pressed the hope that primary sequence 
determinations of cytochrome c will 
lead eventually to the elucidation of its 
structure, or to its chemical synthesis, 
and that the chemical synthesis of other 
cytochromes would be achieved as 
well. Kamen reminded the gathering 
that the difficulty in interpreting the re- 
sults from various preparations of the 
oxidase extracted from cells and tissues 
still remains. 

A full publication of the Symposium 
will be edited by Kazuo Okunuki and 
Martin D. Kamen. It will be published 
by the University of Tokyo Press. 
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V. Novakova reported that rats who 
were weaned early elaborated a condi- 
tioned reflex less rapidly than those 
weaned at 30 days of age and also 
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that the adult brains of these animals 
showed deficiencies of RNA content 
in certain neurons. M. Kraus reported 
that aldosterone regulation was affected 
by early ,weaning, and V. Palaty re- 
ported that androgenic activity in males 
is adversely affected. Thus there is ob- 
jective evidence that the period around 
16 days of age in the rat is a critical 
one for several processes. Not all ef- 
fects are as definite as the above, as 
P. Wiener found with studies of gastric 
erosion. S. Kazda described a pilot 
study of human adults indicating that 
reproduction and certain kinds of path- 
ology may be affected by early iweaning. 

An earlier period of development, 
namely the first few days after birth, 
appears to be a critical one in rats for 
the development of normal sexual be- 
havior and reproduction. Papers by C. 
A. Barraclough, N. Takasugi, G. May- 
er, and I. Ostadalova demonstrated that 
females can be sterilized by injections 
of either estrogens or androgens at this 
period, and that males are sensitive 
to estrogen which causes involution 
of the seminiferous tubules and inhibi- 
tion of growth later in life. J. M. 
Tanner presented a series of diagnostic 
stages for measuring skeletal matura- 
tion in rats as a technique for measur- 
ing some of the effects of sex hor- 
mones. H. Peters reported that the 
mouse ovary is unusually sensitive to 
x-rays between 14 and 21 days of life 
and that a single dose of 20 roentgens 
at this time will cause the development 
of ovarian tumors and consequent 
sterility in adult life. 

The physiological responses of the 
adrenal cortical stress mechanism in 
response to infantile stimulation were 
discussed in detail in papers by Levine, 
Denenberg, Zarrow, Ader, Angermeier, 
and Kincl. S. Levine showed that the 
release but not the synthesis of steroid 
by the adrenal is refractory to corti- 
cotropin from 3 to 15 days of age. 
M. X. Zarrow and V. H. Denenberg 
emphasized the ability of the adrenal 
gland of the 2-day-old rat to respond 
to ACTH and to systemic stressors 
with increased corticoid release. Thus 
the impact of early handling could be 
mediated by means of the corticoid 
release of the neonatal rat. These au- 
thors emphasized that the ability of the 
gland to respond was a continuation 
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of the embryological development seen 
in the fetus. Another significant paper 
was that by I. A. Arshavski, who 
found that growth can be stimulated 
both before and after birth by ap- 
propriate and moderate stress condi- 
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tions which result in increased physi- 
ological activity and hence better 
nourishment. This suggests a physical 
mechanism through which the effects 
of early stimulation on growth could 
act. 

Another group of papers by E. M. 
Widdowson, G. C. Kennedy, J. Cra- 
vioto, J. MysPivecek, H. A. Waisman, 
J. Lat, and K. V. Shuleikina dealt 
with undernourishment and various 
nutritional factors on the development 
of the young organism. Of particular 
interest was the study of undernourished 
children by Cravioto. He reported that 
children whose height had been seri- 
ously affected by undernutrition also 
shoiwed a deficiency in tests involving 
geometric form recognition. Widdow- 
son (in pigs) and Waismann (in an 
unusual human case) gave evidence 
that considerable recovery of growth 
can follow early starvation. If there is 
a critical period for this effect, it is 
quite long. Shuleikina reported suc- 
cess with recording EEG's of kittens 
during feeding and other normal activi- 
ties, an important technical advance 
in the recording of developmental 
changes in neurophysiology. 

Another series of papers dealt with 
the development of the heart and prob- 
lems of hypertension. K. Rakusan and 
0. Poupa reported that exercise plays a 
critical role in early development of 
the capillary circulation of the heart. 
Exercise in adults results only in an in- 
crease in size of fibers. J. Jelinek re- 
ported that the process of organization 
of the functional system regulating the 
homeostasis of water and electrolytes 
is active only before sexual maturation 
and therefore that there is a critical 
period for the development of salt hy- 
pertension. A. Grollman reported that 
administration of a variety of toxic 
agents during certain critical periods in 
pregnancy causes inhibition of develop- 
ment of the embryonic kidney and con- 
sequent gradual development of hyper- 
tension in adult life. H. Musilova noted 
that adult hypertension could be de- 
veloped by treating young rats with 
DCA plus a high salt diet. 

J. P. Scott summarized experimental 
evidence on the critical period for pri- 
mary socialization in the dog and com- 
mented on the general theory of criti- 
cal periods and its implications. This 
theory, that the time when an organiza- 
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theory, that the time when an organiza- 
tional process is proceeding most rapid- 
ly constitutes a period when it is most 
easily modified, will apply to organiza- 
tional processes on any level. It fol- 
lows that the analysis of a critical- 
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