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to previous estimates of helium abun
dance in H 11 galaxies. 

Ferland has derived new values of Y 
oP 

based on measurements of the 5,876 A 
intensities for several galaxies , incorpor
ating quoted electron densities, and in 
three cases these are as low as 0.19-0.20. 
If correct, these values would raise grave 
doubts about the standard model. How
ever, for easily indentifiable reasons they 
are all either incorrect or doubtful. 

Although he has exaggerated the drama 
of the situation , Ferland has performed a 
valuable service in drawing attention to 
the importance of the collisional contri
bution to helium lines in H 11 galaxies and 
has demonstrated that some downward 
correction to the deduced helium abund
ance is needed. Applying such a correc
tion to our published data, we find YP = 
0.232±0.004 (1 a), very close to previous 
estimates by Peimbert'. 

This value is 2 a below the bare mini
mum requirements of SBBN with the limit 
on D + 'He, leaving three alternatives: (1) 
there are further systematic errors (not 
yet identified) i_n the determination of YP 
from H 11 galaxies; (2) the D + 'He argu
ment is wrong because of unsafe assump
tions about galactic chemical evolution , 
for example there could have been a 

Protein engineering 

greater number of massive stars in the past 
than allowed for10 which would predict a 
large deuterium abundance in the Lyman
a forest clouds seen in absorption in the 
spectra of quasars, as these clouds are be
lieved to represent material that has 
undergone relatively little processing 
since the Big Bang; (3) SBBN needs modi
fication, possibly because NV = 2 and not 
3 (that is, the r neutrino is massive) pos
sibly because of fluctuations , or possibly 
for some other reason. Further develop
ments are eagerly awaited. 0 
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Inhibition into activation 
Max Perutz 

ON page 811 of this issue' , Lau and Fersht 
report that directed mutagenesis of the 
enzyme phosphofructokinase (PFK) 
alters its properties in a manner not ob
served before in an allosteric protein, and 
apparently in conflict with allosteric 
theory. PFK , a tetrameric enzyme, cataly
ses the phosphorylation of fructose-6-
phosphate (F6P) by ATP to form fructose-
1,6-phosphate and ADP. The reaction is 
cooperative with respect to F6P and is 
inhibited by phosphoenolpyruvate (PEP) . 

X-ray analysis has shown that coopera
tivity is caused by an equilibrium between 
two alternative quaternary protein struc
tures . Two catalytic sites of PFK are loca
ted at one pair of symmetry-related sub
unit interfaces; two regulatory sites 
occupy another such pair of interfaces2

• 

Precise knowledge of the stereochemistry 
at each of these sites has opened the way 
to the exploration of the catalytic mechan
ism by directed mutagenesis, in which 
single amino-acid residues can be re
placed . Amino-acid replacements in the 
catalytic sites have provided proof that an 
aspartate close to the 1-0H of the bound 
F6P activates its nucleophilic attack on the 
y-phosphate of ATP'. Directed muta
genesis in the regulatory sites, reported by 
Lau and Fersht in this issue', shows that 

the replacement Glu 187 -> Ala changes 
PEP from an inhibitor to an activator of 
the reaction of F6P with ATP, but at the 
same time reduces the maximal catalytic 
rate of which the enzyme is capable. How 
can this be reconciled with allosteric 
theory•? 

According to this theory , proteins 
exhibiting cooperative behaviour are 
oligomers consisting of several subunits. 
These oligomers may exist in two or at 
least two different states that differ in their 
affinities for substrate or in their catalytic 
rates . Structurally, the states should differ 
in the arrangement of the subunits and the 
distribution and/or energy of the bonds 
between them, and therefore also in the 
constraints imposed on them. The stronger 
bonds constrain the protein to a tense (1) 
state with low substrate affinity or cata
lytic activity; the weaker bonds allow the 
protein to relax to the R state in which 
the subunits develop their full substrate 
affinity or catalytic activity. Allosteric 
effectors act by altering the equilibrium 
between the alternative states. In its 
mathematical form the theory can account 
for the properties of such proteins in terms 
of only three variables: the ligand equili
brium constants K,and KR (oi: vm.,.(I) and 
Vm,(R)), and L = [T]/[R] in the absence of 

substrate. The values of K and Vm .. are 
independent of the number of substrate 
molecules bound to the T or R states. 
Allosteric effectors would alter L, and be 
without influence on Kr and KR. This 
formulation has led to Monod, Wyman 
and Changeux's theory being referred to 
(and frequently attacked) as the 'two-state 
model', but the text of their paper• shows 
that they sensibly restricted their mathe
matical formulation to the simplest case , 
while being aware that the behaviour of 
real systems might be more complex. 

Although allosteric theory was pro
posed more than 20 years ago , its predic
tions have been tested in detail only for 
the three allosteric proteins whose struc
tures have been determined: haemo
globin, aspartate transcarbamylase and 
PFK. X-ray analysis confirms the exis
tence of each of these oligomeric proteins 
in two alternative quaternary structures 
that differ in the arrangement of their sub
units. The prediction of additional bonds 
between the subunits in the T structure 
has been confirmed in haemoglobin , but 
may not apply to the two enzymes, whose 
active sites actually lie at the subunit inter
faces and must be maintained by bonds 
between them. Here only the distribution 
of the bonds may differ. In haemoglobin 
and PFK allosteric effectors are known to 
add to the constraints of the Tstructure by 
forming bonds between the subunits. 
These findings are in accord with the 
simple allosteric theory, but the thermo
dynamic behaviour of haemoglobin has 
turned out to be more complex. K 7 varies 
over the equivalent of 2 kcal mor' haem, 
depending on pH, [en and allosteric 
effector concentration'. Thus, K,depends 
on the constraints of the T structure, 
which can therefore assume an infinity of 
thermodynamic states. 

The mutant of PFK now discovered by 
Lau and Fersht is unique in switching the 
affinity of an allosteric effector from the T 
to the R structure. On the other hand, the 
reduction in the maximal catalytic rate is 
what one would expect if the binding of an 
allosteric effector to the R structure intro
duced bonds between the subunits which 
distorted the catalytic sites. In PFK, the 
active site lies between two domains of 
one subunit and one domain of a neigh
bouring subunit; catalytic activity may be 
influenced by rearrangements of the sub
units as well as of the domains and also by 
changes in tertiary structure within the 
domains. X-ray analysis of the mutant 
enzyme should reveal which of these is 
dominant. 0 
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