
Simple iterative statistical methods for estimat-
ing the parameters of enzyme-kinetic reactions
are described. The methods avoid the subjec-
tive biases of graphical methods and produce
reliable and more accurate estimates of their
standard errors. To facilitate the methods’
applications to a range of problems, the paper
emphasizes the explanation of basic principles.
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Before this paper appeared, graphical meth-

ods (most often the Lineweaver-Burk recipro-
cal plot

1
) were widely used for enzyme-

kinetic determinations. By showing how sim-
ply proper statistical calculations could becar-
ried out, the paper had a major impact on the
field;

2
it was listed as one of the most-cited

papers of the 1960s in biochemistry and mo-
lecular biology, having 1,171 citations at that
time. It was also 1 of 39 articles in that study
with more than 1,000 citations. The list
included a paper by W.W. Cleland,
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who

subsequently developed computer programs
for statistical calculations.

The paper arose from my collaboration as
a statistician with M.R. Atkinson and R.K.
Morton (both now deceased) at the Waite
Agricultural Research Institute in South Aus-
tralia. Their work with J.F. Jackson

4
involved

estimating two dissociation constants from a
series of Km determinations at varying pH for
the adenylationof nicotinamide mononucleo-
tide by adenosine triphosphate. It was impor-
tant not only to estimate the constants with
maximum accuracy but also to determineac-
curate standard errors for them; for this the

useof optimal statistical methods was essen-
tial, as illustrated in the paper. The success of
the paper is due to expository simplicity and
practical importance, as well as to its publi-
cation in the prestigious BiochemicalJournal;
it was the first such paper to appear there. (I
am grateful to Morton for persuading the ed-
itor to publish it.)

The paper advocated direct least-squares fit-
ting of enzyme-kinetic relations such as the
Michaelis-Menten law.
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As these relations will

be nonlinear in some parameters (such as
the calculations need to be iterated to improve
initial approximate parameter estimates.
Convergence is usually rapid, however, and
the iterative calculations are easily pro-
grammed on handheld, programmable calcu-
lators. Nowadays, in fact, most biochemical
laboratories are equipped with personal com-
puters, so it is somewhat disappointin~to see
a continuing spate of papers on fitting the
Michaelis-Menten law in one of its linear
graphical forms such as the Lineweaver-Burk
plot, the deWoolf plot of s/v against s, or the
Hofstee plot of v/s against v.
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Least-squares fitting is not appropriate for
any of these plots because it produces non-
optimal and biased results. In two of the three
cases, these results are due to the skewness
induced in the error distribution for reaction
rates (v) by transformation to reciprocals (1/v
or s/v). Fitting should bedone on a scale with
homogeneous and symmetrically distributed
errors. For the Michaelis-Menten law this
usually implies fitting the law either to v or
in logarithmic form to log v, depending on
whether the standard error for v is roughly
constant or varying in proportion tothe theo-
retical value for v (so that the standard error
of log v is constant). It is important to note that
I(~,estimates from small data sets tend to be
positively skewed whereas their logarithms
PKm are much more normally distributedand
more homogeneous in variance under varying
conditions such as changing pH. It is then that
further statistical analysis should be applied
to PKm values.
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