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Cytochrome b, was first isolated by Stritt-
matter and Velick 1,2 from calf liver
microsomes. The molecular weight was
12 700 based on heme content and 14 400
as determined in the ultracentrifuge.?
Recently Poltoratsky and Chaix 3% purified
cytochrome b, from pig liver according to
a slightly different method. It was of in-
terest to determine the molecular weight
and hydrodynamic homogeneity of the
latter preparation.

The saltfree enzyme was stored in the
lyophilized state. Before measurements it
was dissolved in and dialyzed overnight
against 0.05 M Na-phosphate pH 7.0, 1 9%
NaCl. All dialyses were carried out 1in
acetylated Visking tubings,® which were
impermeable to cytochrome b;. The enzyme
was characterized by 4 (556 my, red)/A4(280
my, ox) = 1.00.

Experiments were made in a Spinco
ultracentrifuge model E with phase plate
schlieren optics and rotor temperature
control (18—21°C was used). For the
determination of S and D, experiments
were made at 59 780 and 29 500/3 rpm,
respectively. A synthetic boundary cell
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Fig. 1. Concentration dependence of the sedi-
mentation coefficient of cytochrome b;. X:
pH 7.0; O: pH 5.4 (5.6 mg/ml), pH 7.35 (7.3
mg/ml) and pH 9.45 (6.3 mg/ml). The line is
drawn by the least square method.
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with rubber valve was used. All results were
corrected to 20°C and water as solvent.

The preparation appeared to be homo-
geneous as judged from sedimentation
patterns after 120 min. A single and sym-
metrical peak was observed at all protein
concentrations and pH values studied (cf.
Fig. 1). The sedimentation coefficient was
found to depend slightly on the concentra-
tion a(mg/ml): S, = 1.67(1—0.0031 a)
S. Sp,w° = 1.67 8 is the value extrapolated
to infinite dilution (Fig. 1).

The diffusion coefficient was determined
as described earlier.” The “maximum ordi-
nate-area’’ method gave constantly about
5 9% lower value than the “maximum
ordinate’’ method. No dependence on con-
centration or pH was detected. The mean
of all the determinations is D = 11.6 x 1077
cm? sec™.

Strittmatter 2 determined the partial
specific volume (V) of cytochrome by to be
0.723 cm?®g™! using the gradient method.
From the amino acid composition (Table 1)
we calculate for the apoenzyme V = 0.731
cm?®g™t. Since the effect on ¥ on the heme
group in the holoenzyme is uncertain, we
have used the figure 0.723 cm?3g™ for cal-
culation of M. From S, D, and V we
obtain M = 12 700.

M was also derived from S/D determined
from the Archibald boundary condition at
the meniscus using the method described
earlier.” The result is shown in Fig. 2. The
slight increase during the earlier period of
the experiment is probably an experimental
artefact.” The plateau of the curve gives
M = 12900 (4 200) in good agreement
with the value from S, D, and V. Since
there is no significant decrease with time
of the observed M, we conclude that the
sample is essentially homogeneous with
respect to molecular weight.

M of cytochrome b° evaluated from the
present study in the ultracentrifuge, 12 800
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Fig. 2. Time dependence of cytochrome by

molecular weight calculated at the meniscus

by Archibald’s method.” Protein concentra-

tion 10.4 mg/ml. Time is measured from the

instance when the speed 23 150 rpm was
obtained.



2000

Table 1. Comparison between cytochrome ¢
and cytochrome b, amino acid composition.

Amino acid Amino acid
residues residues per
Amino acid per mole mole of cyt. b
of eyt. ¢ ** | (M = 13 100)
Lys 19 7.9
His 3 5.2
Arg 2 2.3
Asp 8 10.3
Thr 10 6.8
Ser 0 4.6
Glu 9 13.7
Pro 4 2.5
Gly 15 7.4
Ala 6 4.3
Val 3 5.8
Met 2 0.8
Ilen 6 4.9
Leu 6 8.3
Tyr 5 2.7
Phe 4 3.7
Cys 2 0.1
Try 1 1*

* According to Strittmatter.?
** According to Margoliash et al.® for beef
heart cytochrome c.

(mean value), is smaller than the value
15 000 based on iron content and dry
weight determinations. It is possible that
our sample was contaminated with some
apoprotein of cytochrome b,. Our deter-
mination of M of pig liver cytochrome b,
in the ultracentrifuge gives the most reli-
able result, 12 800. This compares well with
the value 12 700 obtained by Strittmatter 2
for calf liver cytochrome b, from the meas-
ured heme content, which he considered to
be the best of his experiments.

In Tables 1 and 2 the amino acid com-
position and molecular properties of cyto-
chromes ¢ and b; are compared. The simi-
larities suggest that the two molecules are
very similar in size and shape. In the amino
acid contents there are both similarities
and differences. There are more histidine
residues in b, than in c. b, contains at least
one methionine residue but there are no
cysteine residues. The molar ratio of basic
to acidic residues is different in cytochrome
b, and in cytochrome ¢ (0.6 and 1.4, respec-
tively), which is in accord with the differ-
ence in their isoelectric points (below pH 6
for cytochrome b; and pH 10.6 for cyto-
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Table 2. Comparison of hydrodynamic prop-
erties of cytochromes ¢ and b;.

. eyto- cyto-
unit chrome ¢’ chrome b
Syo,w° S 1.71 4 1.67
D,y F 11.4 11.6
4 cm3g™? 0.728 0.723 2,0
I 0.741 ¢ 0.731¢
15 000
Manatysis 13 000 { e
12 700
MS and D 13 300 14 400 3
Ms;p 13 300 12 900
Iifo 1.19 1.19

2 At 10 mg/ml, concentration dependence
was not determined.

b Measured values.

¢ Values calculated from amino acids.

chrome c¢). One cause of this low ratio, in
cytochrome b, could be losses of lysine or
arginine during the digestion with pancre-
atic enzymes (trypsin), which is necessary
to release the firmly bound cytochrome b,
from the membranes of the endoplasmic
reticulum. However, it should be observed
that a value of 0.5—0.55 has recently been
found for the ratio of basic to acidic residues
present in the whole membranes.®
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Bezzi et al.l,? in 1958 discovered the thio-
thiophthene “no-bond resonance” sys-
tem through an X-ray ecrystallographic
study of the dimethyl derivative (I).
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They found the sulphur atoms to be co-
linear and equally spaced with sulphur-
sulphur distances of 2.36 A (later,? 2.35 A
was reported), as compared with the value
2.10 A for a sulphur-sulphur single bond in
a cis-planar disulphide group.*

The electronic structure of the thio-
thiophthene ring system has been cal-
culated by Giacometti and Rigatti,® in
terms of sulphur-sulphur bonds made up
from both fractional ¢ and z bonds.

Klingsberg ¢ has shown that (II) and
(IIT) react with phosphorus pentasulphide
to yield the same compound (IV), and
preliminary results of a crystal structure
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Table 1. Atomic coordinates, in fractions of
corresponding cell edges.

x Y z
S, 0.3248 0.1634 0.2569
S, 0.1275  —0.1060 0.0763
S, —0.0450  —0.3437 0.0870
C, 0.3757 0.1877 0.1142
C, 0.3016 0.0679  —0.0337
C, 0.1887 —0.0778  —0.0649
C, 0.1129  —0.20564 —0.2209
C, —0.0027 —0.3362  —0.2363
C, 0.4988 0.3425 0.1444
c, 0.5706 0.3233 0.0336
C, 0.6827 0.4677 0.0565
C, 0.7216 0.6275 0.1997
Co 0.6530 0.6460 0.3098
Cu 0.5405 0.5020 0.2865
Cys 0.1560 —0.1951  —0.3481
Cis 0.0667 —0.1818 —0.4511
Cya 0.1088 —0.1762  —0.5736
Cys 0.2367 —0.1812  —0.5990
Cre 0.3265 —0.1945 —0.4985
c 0.2869 —0.2016  —0.3751
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analysis of this unsymmetrical thiothio-
phthene derivative are given here.

The crystals are triclinic, and belong to
the space group PI with ¢ = 10.18 A,
b=12852 A, ¢=1029 A, «=118.8°
B = 94.3°, y = 101.1°.” There are two mole-
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Fig. 1. Electron density projection of (IV)

along the b axis. Contour intervals, 1 e-A~? for

carbon and 38 e-A"2 for sxlphur. Lowest contour
5eA"2,



