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ENZYMES 

Pursuing Pyridoxal 
from our Molecular Biology Correspondent 

PYRIDOXAL phosphate is an accessory 
built into a variety of enzymes, and in 
many cases its direct participation in the 
catalytic process can be inferred with 
some confidence. The pyridoxal is 
attached to the protein by way of a 
Schiff base linkage to a lysine side chain, 
and therefore serves as an irreversibly 
bound label if the aldamine group is 
first reduced with borohydride. Several 
groups of workers have been exercised 
to discover whether there are underlying 
structural and functional similarities 
between different enzymes having this 
one feature in common. The isolation 
and sequence determination of tracts 
of residues around the phosphopyri
doxyllysine in three further enzymes 
now invites a search for generalizations. 

A brace of articles, one by Fluri, 
Jackson, Lee and Crawford (J. Biol. 
Chem., 246, 6620, 1971), the other by 
Maurer and Crawford (ibid., 6625), give 
the sequences of pyridoxal-containing 
fragments of twenty-three residues from 
the tryptophan synthetase {3 subunits of 
two different bacterial species. Trypto
phan synthetase is a tetramer containing 
chains of two kinds, a and (3, each 
responsible for a partial synthetase 
reaction, and the pyridoxal phosphate is 
present in the second. The identification 
of the two tryptic peptides containing the 
prosthetic group is facilitated by the use 
of tritiated sodium borohydride for the 
reduction before proteolysis. The 
appearance of two pyridoxal peptides in 
both cases is a curious feature but 
evidently does not reflect any hetero
geneity in the protein: a difference be
tween the two peptides of a terminal 
arginine and the presence of arginine 
in the digests indicate rather that scission 
occurs on either side of an arg-arg or 
lys-arg pair. At all events, the enzymes 
from both Escherichia coli and from a 
pseudomonad each yield a unique pep
tide sequence with the pyridoxyllysine 
near the middle. In spite of large 
differences between the two proteins, in 
respect of total peptide maps, which are 
unrelated, immunological reactivity, and 
failure to hybridize with one another, 
the sequences .of the fragments are dis
tinctly similar. The three residues to 
the N-terminal side of the pyridoxyl
lysine are identical, and indeed fourteen 
of the twenty-three residues are con
served. Of the rest, the majority of 
substitutions are conservative, and the 
number and positions of the charges are 
completely unchanged. Such a high 
degree of conservation points to the 
functional importance of many of the 
residues in the vicinity of the pyridoxal 
phosphate. 

The pyridoxal peptide sequence in a 

quite different bacterial enzyme, 
arginine decarboxylase of E. coli. has 
also been determined by Boeker, Fischer 
and Snell (ibid., 6776). The strategy 
here preferred for the identification of 
the pyridoxal-containing tryptic and 
chymotryptic fragment involves a varia
tion on Hartley"s diagonal mapping 
technique. This approach, which has 
wrought a minor revolution in protein 
chemistry, consists simply in the 
chemical modification of the residues 
of interest directly on the chomato
graphy paper after separation in one 
dimension , followed by an identical 
separation in a direction perpendicular 
to the first. All peptides that are un
touched by the treatment therefore 
appear on the diagonal, and contrari
wise, those not lying on the diagonal 
contain the desired groups. Boeker et 
al., preferring ion-exchange columns to 
paper, simply chromatograph aliquots 
of the peptide mixture on the same 
column before and after modification~
which in this case consists of stripping 
the negatively changed phosphate from 
the prosthetic group by exposure to 
alkaline phosphatase- and collect the 
components with changed elution char
acteristics. They give the sequence of 
a pyridoxal-containing peptide of seven
teen residues, which may now be com
pared with those of the eight other 
pyridoxal enzymes that have been 
studied. 

Closest to the arginine decarboxylase 
pyridoxal peptide is that from glutamine 
decarboxylase of the same organism. 
Similar as these two enzymes are in 
function, they are structurally quite 
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different in terms, for instance, of mole
cular weights and numbers of subunits. 
Only eight residues a,re available for 
comparison, and of these three are 
identical, and two represent conservative 
substitutions. In particular, the nearest 
neighbour of the modified lysine on the 
N-terminal side is in both cases a 
histidine, and this holds good also for 
the two tryptophan synthetase {3-chains. 
In all these species the mechanism of 
catalysis is thought to involve the 
pratonation of a substrate a-carbon in 
an intermediate state of Schiff base 
character, and the histidine residue is 
thus an obvious candidate as a partici
pant in a proton transfer process. The 
other enzymes available for comparison 
have unrelated functions, but Boeker et 
al. argue that it might commonly be 
desirable to stabilize the cofactor attach
ment by ion-pairing between the phos
phate of the pyridoxal phosphate and a 
close-lying cationic group. In one case 
the adjacent residue is a lysine, and in 
another an arginine. Studies on yet 
other related enzymes are, it seems, in 
progress. 

It is worth remarking that pyridoxal 
phosphate has found wide application as 
a specific reagent for labelling reactive 
amino-groups. Two enzymes for which 
it turns out for this reason to be a 
specific inhibitor are glutamate dehydro
genase and phosphoglucose isomerase. 
In the second it has been shown to 
generate one pyridoxyllysine per active 
site by Schnakerz and Noltmann (Bio
chemistry, 10, 4837; I 971) and in the 
former (Piskiewicz and Smith, ibid., 
4538, 4544) such a reactive lysine has 

Visible Solar Features and Interferometry 
IN next week 's Nature Physical Science 
(January 31) J. W. Harvey, of Kitt Peak 
National Observatory, describes how 
interferometry (using wave-front divi
sion) can, in principle, be used to 
examine solar features with dimensions 
of less than JOO km, and to elucidate 
their structures. 

His technique is to cover the entrance 
ape,rture of a telescope with a mask 
containing two rectangular slits, and 
then to observe the Sun through a 
narrow passband filter. Photographs 
taken of a sunspot with this arrangement 
revealed a fringe system-made much 
clearer with the help of the filte.r which 
reduces the problems associated with 
dispersion in the Earth's atmosphere
that suggests the existence of small scale 
features. 

The figure here shows a high contrast 
print of the superposed negative and 
positive of a single photograph that have 
been shifted by about half of a fringe 
period in order to highlight the fringes. 
The separation of the fringes is about 
0.28 arc s, equivalent to about 200 km 

or less. Harvey also describes photo
graphs of a larger sunspot which seemed 
to have features with dimensions as 
small as J 00 km. 

The technique, Harvey suggests, may 
also be useful for the detailed examina
tion of such things as chromospheric 
structures (such as flares and promi
nences), faculae and magnetic field 
elements. 
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