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106 J. M. BALDWIN

(b) Human carbonmonoxy haemoglobin data at 2-7 A resolution

Crystals of human carbonmonoxy haemoglobin were grown by N. L. Anderson (un-
published work), using a method based on that described by Perutz (1968). Each crystal-
lisation tube was bubbled full of carbon monoxide before sealing. Glass tubes with greased,
ground glass stoppers were used to prevent the escape of carbon monoxide or the intro-
duction of air. Large crystals grew in 4 to 6 weeks. They were re-equilibrated with carbon
monoxide in 3-5 M-phosphate buffer at pH 6-8 for l8 h before being mounted in quartz
capillaries between plugs of cotton. These plugs were necessary to prevent crystal slippage,
but as they only touched the sharp ends of the tetragonal-bipyramidal crystals they did
not interfere with the diffracted radiation. Each capillary was flushed with carbon mon-
oxide just before being sealed with Wax.

The X-ray photographs were taken by Anderson using an Arndt-—Wonacott rotation
camera. The use of such a camera and the methods of measuring and processing data
recorded on rotation photographs are described fully by various authors in the book
edited by Arndt & Wonacott (1977). A monochromated X-ray beam was used and because
the separation of the diffraction spots along the c*—axis is small a collimator of 0-2 mm
diam. was needed. A crystal-to-film distance of 90 mm allowed 2-7 A resolution data to be
collected. The c-axis of the crystal was parallel to the rotation axis of the camera, and a
total rotation of 45° allowed measurement of all the independent reflections, except for
those in the cusp along the c-axis. Fifteen exposures, each for a 3-deg. rotation, were
taken, with 3 films in each pack. The exposure time for each rotation step was 6 h and all
the data finally used were collected from one crystal. The cusp data were not collected
so about 2% of the total data to 2-7 .3. resolution (Arndt & Wonacott, 1977) were not in
cluded in the data set.

The intensities of the fully recorded and the partially recorded spots were measured
on a flat-bed scanner (Mallett et al., 197 7). The intensities from each film were corrected
for Lorentz, polarisation and absorption factors and then sealed together by means of
symmetry-related reflections recorded on different films. The symmetry R-factor computed
for the data set is given with other statistics in Table 1. Reflections that were split between
2 contiguous rotation photographs were not used in the scaling but were included in the

R-factor calculation. Data were obtained for 8020 reflections with spacings out to 2-7A.

TABLE 1

Statistics on data processing of 2-7 Ii data 

Total number of reflections measured 27,806
Number of reflections fully recorded 23,880
Number of reflections recorded in parts 3926
Number of independent reflections 8020
R»factor 0-049

; IF — asR-factor =T

2 R

where F, = amplitude of ith reflection and 17' : average amplitude for all reflections symmetry-
related to the ith reflection.

3. Determination of the Structure

This analysis used the fact that the shape of the haemoglobin molecule is expected

to be as similar in horse and human liganded haemoglobins as it has been shown to be

in the two deoxy forms (Bolton & Perutz, 1970; Fermi, 1975). This enables one to
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STRUCTURE OF HUMAN HbC0 107

use the structure of horse haemoglobin, which is known (Cullis et al., 1961,1962;

Ladner et al., 1977), to find the location of the human haemoglobin molecule in its

unit cell, and then to use it as an initial model for further refinement.

(a) Determination of the space group and the location of the
molecule in the unit cell

(i) Analysis of 5-5 A human methaemoglobin data

The space group of human liganded haemoglobin could be either P41212 or P43212.

In either case the symmetry and the number of molecules per unit cell limit the

number of parameters describing the position and orientation of the tetrame1'ic

molecule to two. Figure 1(a) and (b) illustrates the two parameters (q and 0) that

must be determined. The origin of the molecular co-ordinate system is taken at the

centre of mass of the four iron atoms, and this lies on the molecular dyad axis (Y).

 
(0) (b)

FIG. I. (a) Schematic diagram of the haemoglobin tetramer showing the molecular axes. Y is
the dyad axis relating the 1131 dimer to (2232. X (perpendicular to the paper) and Z are the pseudo-
dyad axes relating oz and )3 subunits.

(b) The unit cell of human liganded haemoglobin. The centres of the molecules lie on the diagonal
dyad axes. There are 4 molecules per unit cell. This Figure shows the cell dimensions of human
carbonmonoxy haemoglobin and shows space group P41212 in which the molecular centres lie
at positions q,q,0; ~ q + 1/2, q + I/2,1/4; ~ q, — g, 1/2; q + 1/2, — q -9- 1/2, 3/4. (Space group
P45212 would have molecular centres at q,q,0;q + 1/2, -— q + 1/2,1/4; — q, — q, 1/2; — q + 1/2,
q + 1/2, 3/4.) 0 is the angle between the molecular Z-axis and the c-axis of the unit cell. The
positive direction of 9 is chosen in the sense that rotates X into Z .
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