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Abstract. The structure and mode of action of a vital enzyme involved in the biosynthesis of tetrapyrroles have 
been studied by using modern crystallographic and pre-steady-state kinetic methods.

Alfons Hàdener was born in Aarau in 1951. He 
studied chemistry at the University of Basel and 
completed his Ph.D. in 1982 under the guid­
ance of C. Tamm. He remained in Basel as a 
Research Associate until 1988 when he moved 
to Cambridge, UK, to study as a Postdoctoral 
Fellow in the group of A.R. Battersby. He re­
turned to Basel in 1990 and completed his 
Habilitation in 1993. From 1995-1998, he was 
Head a.i. of the Institute of Medicinal Chemistry 
at the Department of Pharmacy.

A tetrapyrrolic ring system is a common 
feature of many vital pigments (chloro­
phylls, heme, vitamin B l2). It is biosynthe­
sized via a common intermediate, uropor-
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phyrinogen III. Two enzymes, hydroxy­
methylbilane synthase (HMBS) and uro­
porphyrinogen III synthase, are needed to 
build this compound from porphobilino­
gen (PBG) (Scheme) [I] .

To construct hydroxymethylbilane 
from PBG, HMBS uses an unusual di- 
pyrromethane cofactor which is itself de­
ri ved from two PBG building blocks and is 
covalently attached to the protein via the 
sulfur atom of a cysteine residue (Scheme). 
The cofactor serves as an anchor to which 
further PBG units, one after the other, are 
covalently attached until a hexapyrrolic 
chain is formed. Cleavage of the chain 
releases the product and leaves the cofac­
tor in place, ready for another reaction 
cycle [2].

In cooperation with British universi­
ties, we have elucidated the three-dimen­
sional structure of enzymatically active, 
selenomethionine-labelled HMBS from 
Escherichia coli by using the multiwave­
length anomalous diffraction (MAD) 
method followed by model refinement at 
2.4 A resolution [3][4].

To investigate the mechanism of the 
HMBS-catalysed reaction, the pre-steady- 
state kinetic parameters of wild-type 
HMBS and of a number of site-directed 
mutant variants were determined [5]. We 
showed that it is possible to trace the 
consequences of amino acid substitutions

down to the individual steps of the five- 
step reaction sequence.

Building upon this work, time-resolved 
structures of crystalline [K59Q]HMBS as 
it is loaded with substrate in a flow cell 
were determined by Laue diffraction [6]. 
Detailed structural refinement on the data 
collected at 2 h into the reaction showed 
that extended electron density appears in 
the active-site region. This evidence may 
now serve as a basis for further crystallo­
graphic studies involving freeze-trapping 
techniques.
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