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Fig, 6 Packing of bilirubin molecules in the 
unit cell. The b axis is approximately perpen
dicular to the page, and the c axis is 

horizontal. 

determined one: estimated standard deviations of individual 
bond lengths were generally in the range 0,02--0.05 A. 

The two independent molecules of bilirubin in the asymmetric 
unit of the structure both have the conformation shown in Fig. 3 
and represented in a simplified way in Fig. 4. The molecule 
takes the form of a ridge tile, the ridge being along the line 
C81-ClO-CI21, Thus rings A and B lie in one plane, and rings 
C and D in another, the interplanar angle being about 98°. Six 
intramolecular hydrogen bonds (two sets, eaeh involving a 
carboxylic acid group, a pyrrole-imino hydrogen, and a terminal 
lactam system) stabilise this conformation. The average 
N ... 0 and 0 ... 0 distances in these hydrogen bonds are 
2.70 and 2.53 A, respectively. There is no evidence for inter
molecular hydrogen bonds: the low solubility of bilirubin in 
water, which has important biological consequences, can readily 
be understood in terms of this pattern of hydrogen bonding. 
Although the hydrogen bonding, and therefore the confor
mation, may well be altered in very polar solvents (such as 
dimethylformamide and methanolic ammonia), it seems likely 
that in less polar solvents (such as chloroform) the conformation 
with six hydrogen bonds (Fig. 3) will be retained. Unfortunately, 
the X-ray data are neither sufficiently numerous nor sufficiently 
accurate to allow determination of the position of the hydrogen 
atoms in these hydrogen bonds and we are not able to make a 
clear cut assignment of either the lactam or the lactim formu
lations. 

The X-ray result provides independent proof of the correct
ness of the gross chemical structure assigned to bilirubin by 
Fischer et al. 4 The stereochemistry about the double bonds at 
the meso-bridges (C5 and C15) is frequently, even in modern 
work'8,19, represented as E. The Z configuration (Fig. 4) is now 
shown to be correct. This type of structure seems to have been 
first portrayed by Blauer and King14; the first discussion in 
detail was by Kuenzle et al. 15

• 

The observed bond lengths suggest that delocalisation over an 
individual conjugated system of two pyrrole rings (that is, 
A+B or C+D) is rather limited since C4-C5 and C15-C16 
seem to be essentially double bonds (average 1.30 A) whereas 
C5-C6 and C14-C15 resemble single bonds (average 1.48 A). 
This supports the view that bilirubin can be regarded as a 
2,2'-dipyrrolylmethane (that is, rings B I C) with conjugating 
substituents at the a positions (compare with the model 
compound shown in Fig. 5)18. 

The packing of the four bilirubin molecules in the unit cell is 
shown in Fig. 6. Taking the original analogy further, we now 
have a stack of ridge tiles interleaved with a similar but inverted 
stack. Figure 6 suggests an explanation for the diffuse h-odd 
reflections observed in the diffraction patterns of most of our 
crystals: enantiomeric conformations of bilirubin (related by 
inversion centres) have very similar ridge tile shapes and the 
orientation of any ridge tile is virtually unaltered by a rotation 
of 1800 about a direction approximately parallel to the a* axis 
(vertical in Fig. 6). On the basis of Fig. 6, it is not difficult to 
imagine disordered structures which would give an apparent 
halving of the a axis. We have, indeed, collected a third set of 
data from a disordered crystal, and successfully refined it to 
R = 19.7% by assuming that eithercnantiomer may occupy any 
molecular site, the packing of the ridge tiles remaining constant. 
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Erratum 
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In the article "Identification of an enzyme in platelet micro
somes which generates thromboxane A, from prostaglandin 
cndoperoxides" by P. Needleman, S. Moncada, S. Bunting, 
J. R. Vane, M. Hamberg and B. Samuelsson (Nature, 261, 
558; 1976) microsomes were added to the wrong dose in 
Fig. 5 and the vertical scale (3 cm) was too large. Both 
are correct in the version reprinted below. 
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