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conformational isomers, and that the equilibrium is 
displaced by the added dye in favour of the form to 
which it most avidly binds. In the present case, this 
form is evidently one in which the susceptible peptide 
bonds are relatively unavailable, or in which the 
structure is comparatively rigid and inflexible. Markus 
and his co-workers have previously recorded a case in 
which the binding of a ligand renders a protein more 
prone to prot.colysis, and the converse presumably 
holds in their latest work. 

Several examples of the binding of dyes at or near 
the active sites of enzymes have recently been reported. 
The latest of a number of studies by Glazer (J. Biol. 
Chem., 242, 4528; 1967) concerns the binding of the 
anionic dye, Biebrich scarlet, to chymotrypsin. It has 
prov~d generally true, as revealed notably by X-ray 
studIes on enzymes, that active sites are situated in 
?revi?es, giving on to the predominantly non-polar 
mt~rlOr of the molecule. Equally, most organic ligands 
whIch are capable of binding strongly to a protein 
evidently seek an essentially non-polar environment 
(as shown, for example, by dyes which exhibit fluor
cscence only in substantially non-aqueous solvent 
s,fstems, and which become fluorescent when they 
blUd to proteins). Thus it is not surprising that a 
pattern is beginning to emerge of binding of many 
such small molecules specifically at active centres. 
Several cationic dyes have been found to bind at the 
active centre of chymotrypsin, and it is interesting 
that Biebrich scarlet, being anionic, binds with com
parable .affinity. The binding can be followed by 
changes m the absorption spectrum of the ligand. The 
dye competes with, and is displaced by, substrates and 
competitive inhibitors. It does not bind to chymo
trypsinogen, which suggests that here the active site 
is occluded. 

Another application of dye-binding is due to Kosh
land, who uses a covalently attached chromophore as 
a so-called "reporter" for events involved in the binding 
and conversion of substrates. Hille and Koshland 
(J. Amer. Chem. Soc., 89, 5945; 1967) have bound a 
compound containing the highly medium-sensitive 
nitrophenyl chromophore to methionine-192 of chymo
trypsin, which is three residues along the chain from 
~he serine of the active site. The activity of the enzyme 
IS preserved, and one can then observe the perturbation 
of the nitrophenyl spectrum, when for example the 
pH is changed. The magnitude of the perturbation, in 
fact, follows a titration curve, with a pK of 7. Addition 
of substrate eliminates this effect, and it is suggested 
that the bound chromophoric group is pushed out of 
the way. The speculation is that the ionizing group is 
the active-site histidine, and if this is true its pK is 
thereby established. It must be hoped that a com
parison of data of this kind with the environment of 
the residues in question in the crystallographic struc
ture will ultimately lead to general correlations about 
their properties, and that this will help in interpretation 
of the mechanism of catalysis. 

Ch romosome Breakage 
from our CytogenetiCS Correspondent 

RADIATION and many chemicals used in cancer chemo
thcrapy and as antibiotics cause chromosome breakage. 
Breakage is a result of the disruption of DNA synthesis 
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or some other disturbance of chromosome organization 
and so interest in induced chromosome breakage lies in 
what this can say about the structure and chemistry of 
chromosomes. One important question is whether 
chromosomes in different phases of the cell cycle ar(' 
equa.lly sensitive to damage. In both animal and plant 
cells there is evidence that chromosomes are more 
sensitive to certain agents during the G2 phase of inter
phase (that is, between the DNA synthetic stage, S, 
and mitosis) than during the S or pre-S (G1 ) phases of 
interphase. Methyl coumarin has been shown by 
Ronchi and her colleagues (Mutation Res., 4, 615 and 
791; 1967) to cause most breaks to bean and onion 
chromosomes during G2 as well as to prolong this phase. 
They also showed that exposing roots previously treated 
with methyl coumarin to chloramphenicol causes an 
increase in the number of breaks, and they interpret 
this as evidence that protein synthesis is required to 
repair breaks. Bleaks are more numerous in the 
presence of chloramphenicol because many of the 
breaks induced by methyl coumarin have not been 
allowed to heal. The requirement of protein synthesif' 
for healing breaks is not a new idea, but it does pose 
some obvious questions. Is it a repair enzyme or a 
protein of chromosome structure that is synthesized? 
And if it is an enzyme, can differences in its activity 
account for differences in apparent sensitivity of 
chromosomes during the cell cycle? 

Scott and Evans have also shown (Mutation Res., 4, 
579; 1967) that chromosomes of bean at G2 are most 
sensitive to X-rays and, further, that chromosomes at 
different points in the G2 phase differ in sensitivity. 
Similarly, Dewey et al. (Int. J. Radiat. Biol., 12, 597: 
1967) showed that Chinese hamster chromosomes sus
tained 2·5 times more chromosome damage in G2 than 
in S. In their experiments the chromosome damag(' 
was self inflicted as the chromosomcs were allowed to 
incorporate a high level of radioactivity in the form 
of tritiated thymidine. 

Breaks in chromosomes could be caused by inter
ference with nucleic acid metabolism rather than a 
physical shattering of the chromosome thread. This 
at least seems to be one of the effects of 9-fJ-D-arabino
furanosyladenine (ara-A). Its triphosphate has been 
shown by Furth and Cohen (Cancer ReA~., 27, 1528: 
1967) to be able to inhibit DNA polymerase of mam
malian cells (but not that from cells of the bacterium 
Escherichia coli) and may also inhibit the nucleotide 
reductase system. But ara-A is able to cause breaks 
at G .. ; could it be that there is some DNA synthesif< 
not detectable by conventional methods during G2 that 
all these agents inhibit? 

What ~f induced chromosome breakage in meiotie 
cells? Westerman (Chromosoma, 22, 401; 1967) 
describes the effects of irradiating meiotic chromosomes 
during spermiogenesis in male locusts. He found that 
cells irradiated during the S phase of meiosis showed 
chromosomes with a lowered chiasma frequency at the 
subsequent metaphase, while cells irradiated at diplo
tene or in the S phase of premeiotic mitosis showed an 
increase in chiasma frequency. The chiasma frequency 
was most changed in the long chromosomes while that 
of the short chromosomes was hardly changed at aU. 
It is tempting to speculate on the role of chromosome 
breakage on the time and mode of chiasma formation. 
but only further experimental work will allow concret~ 
fact to replace speculation in this perplexing problem. 
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