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Liver Alcohol Dehydrogenase
I. Kinetics and Equilibria without Inhibitors

HUGO THEORELL and JOHN S. McKINLEY-Mc¢cKEE

Medicinska Nobelinstitutet, Biokemiska avdelningen, Stockholm, Sweden

Liver alcohol dehydrogenase can form all the four binary complexes
possible with DPNH, DPN, aldehyde and alcohol. The ternary com-
plexes E-DPNH-aldehyde and E-DPN-alcohol are formed and are in
very rapid equilibrium with one another. From a kinetic point of
view the “Theorell-Chance’ mechanism was nevertheless found to
obtain. This depends on the following conditions:

1. The “on” velocity constants for DPNH and DPN are nearly
independent of whether the enzyme is free or already combined with
the substrate reaction partner.

2. The ternary complexes are in rapid equilibrium,

3. The ternary complexes prefer to liberate the substrate first,
because this is less tightly bound than the coenzyme. The dissociation
velocity of the binary enzyme-coenzyme complexes in the last phase
of the reaction therefore becomes rate limiting when both substrate
and coenzyme are present in high concentration in the first phase.

4. Determinations of initial reaction velocities with varied con-
centrations of both coenzyme and substrates have given Dalziel ®-
relations which agree with the specific requirements of the T.-C.-
mechanism at pH 7

The values of the Michaelis constants close to zero concentration of
their reaction partner, gave thedissociation constants Kg,Rr, Kx,0, KE,a1a
and Kg,alc.

The reaction mechanism of the liver alcohol dehydrogenase-coenzyme-sub-
strate system * proposed in 1951 by Theorell and Chance 1 has been subject
to repeated attempts at experimental confirmation 1%, In general, fair agree-
ment was found between the values for the dissociation constants of the

* Abbreviations:
LADH and YADH: Liver and yeast alcohol dehydrogenase, respectively

E: 1/2 LADH (since each molecule of LADH has 2 independent binding
sites)

R: reduced diphosphopyridine nucleotide, DPNH

O: oxidized » » , DPN

S: aldehyde

S” alcohol
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1798 THEORELL AND McKINLEY.McKEE

binary complexes ER and EO (K and Ky ;) as determined from fluoro-
metric equilibrium determinations in absence of substrate, and those calculated
from the relation between the kinetic “off” and “on” rate constants, as
determined in kinetic experiments with the substrates, assuming the T.-C.
mechanism to be valid.

However, in connection with inhibition studies to be reported in Parts II
and III of this series the opportunity arose of making decisive experiments to
ascertain how far former disagreements, where there were indications that the
formation or interconversion of the ternary complexes was perhaps effecting
the rate 3,4, were occasional or not. We now had the advantage that the fluoro-
metric titration of E with R in the presence of excess ¢sobutyramide, enabled
us to make very accurate determinations of the enzyme concentration.

Dalziel ® has derived relations which distinguish the T.-C.-mechanism from
other possible alternatives. This test necessitates carrying out series of kinetic
experiments with submaximal concentrations of the constant reaction partner
in each series. Four types of experiments are used for the determinations of
the initial velocity, v (uM - sec™?).

Constant Varied
Case 1: S R
Case 2: R S
Case 3: S’ (6]
Case 4: 0] S’

The results for each case are plotted according to Lineweaver and Burk ¢ in
terms of e/v against 1/[varied partner].
For the T.-C.-mechanism,

ky
E + R==ER
key
ey
ER + S== EO + &'
ks

ky
EO=—E+4+ O
ky

a steady state treatment gives the initial rate equations

1 k

e 1 1 2 N
Case Land 2" =2 + 2 R] T &S] T ErkRIS] (1o
1 1 1 k.
Cases 3 and 4:—6— =—— 4= + + —— 2 (1b)
v ky o k[0]  k[S7] 0 kiks[O][S']
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LIVERALCOHOL DEHYDROGENASE I 1799

(1a) and (1b) are the special T.-C. mechanism forms of Dalziel’s general equa-
tion 5:

~_¢+ + +S¢1§2 (2)

Experiments with as high as possible concentration of the constant partner
will, by combination of all four cases, give values for all six rate constants.
However, in this case the @,,-term is always neglected. This is permissible in
cases 1 and 2, where @,, is low, but not in cases 3 and 4, where @,, is high.
Furthermore, as Dalziel has pointed out, determinations of e/v with sub-
maximal concentration of the constant reaction partner can give independent
values for the @,,-term, which are very important as a check of the T.-C.-
mechanism. Experiments have therefore been carried out with both maximal
and submaximal concentrations of the constant partner at pH 7, and with
maximal concentrations at pH 9.

Eqn. 2 on rearrangement gives

. e 1

Cose 1y =Pt (g [S] syt (o [szl &) B (32)
e 1

Case 2. _’l)— == @0 + [Sl] + ( 2 + [Sl] )—[S_z]_ (3b)

Due to the symmetry of the T.-C.-mechanism the introduction of primed
symbols represents cases 3 and 4 for the reverse reaction. Thus in experiments
where both substrates are present in concentrations low enough to be rate
limiting (submaximal concentrations) 5,7, when (for various S, concentrations)
S, is varied, plots of the intercepts (taken from the case 1 Lineweaver-Burk
plots) against 1/S, will give @, as an intercept and @, as a slope, while the slopes
when plotted will give @, as intercept, and @,, as slope. When S, is varied
(Case 2) the intercepts again give @, but with @, as slope, while the slopes
give @, as intercept, with @,, as slope again. Cases 1 and 2 for the forward
reaction thus give two values each for @, @,, @,, and @, ,. Cases 3 and 4 likewise
give @'y, @'y, @', and @',,. For the T.-C.-mechanism the identity ofeqns. 1 and
2 for the forward and reverse reactions, give the relations @, = @',®@’,/®’,,,
and @'y = D,D,/D,,, which are a sensitive way of distinguishing the T.-C.-
mechanism from other mechanisms conforming to eqn. 2. Several of these me-
chanisms give the relation K., = @,,/®’;,, but because of the distinguishing @
relations above, the T.-C.-mechanism has the further characteristic relation,
but less sensitive test, Keg = Py, P,/D' (@', D’,. 1t is these Dalziel relations 5
that have been tested at pH 7.

At 0.1 gand 23.5°C the overall equilibrium constant Keq = [S;][S,]/[S11[S'2]
= 0.9 X 107¢ x [H*] and therefore the forward reaction is greatly favoured
from the thermodynamic point of view?®. One would think this would
lead to technical difficulties in cases 3 and 4, where the equilibrium is
already reached when a very small part of [O] has reacted with [S’]. However,
in fluorometric determinations rather the opposite istrue. In cases 1 and
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1800 THEORELL AND McKINLEY-McKEE

2 we observe the disappearance of the fluorescence of R, and the whole reaction
cycle is limited to the width of the paper, so that bent curves are often obtained.
Furthermore, the highest [R] that can be used is limited by the extinction of
the exciting light through absorption.

In cases 3 and 4 highest sensitivity and very small enzyme concentrations
can be used, because only the very beginning of the reaction is of interest.
A production of 1077 M R is sufficient for determining the slope of the line,
which will in this case be nearly straight. In addition, unlimited concentrations
of O can be used, since it does not absorb the exciting light.

EXPERIMENTAL

Materials. DPN and DPNH. were from the Sigma Chemical Co. Assay was carried
out with a catalytic amount of YADH., Using an absorbancy indexof 6.25 x 10% cm?/mole
at 340 my°®, the SDPNH purity was 70—71 % by weight, 95 % on the basis of Hy,
while the residual extinction after enzymatic oxidation was 5 9% and the residual fluores-
cence which was corrected for was 6 %. Fig. 1 shows the relation between the concentra-
tion of DPNH solutions and their fluorescence. Quenching by absorption of the exciting
light is seen and consequently concentrations above 13 uM where the correction is 8 9,
were seldom used. However, corrections were made where necessary, these being 6 %,
at 10 uM and 16 9, at 26 xM. As DPNH. is unstable in water or below pH. 7.5, particularly
when exposed to U.V. light, a stock DPNH solution was made in 0.01 M tris(hydroxyme-
thyl)aminomethane, pH. 10.6, and kept at 2°C in the dark. More dilute solutions were
made with distilled water and kept at 2°C, except during actual use, when they were
kept in the dark at 23.5°C. Stock solutions of concentration 1 050 M (1 mg/ml) or greater
were sometimes kept for periods of up to 30 h, but never longer or at lower concentrations,
as otherwise decomposition become measurable. On the basis of an absorbancy index 1°
of 18.0 x 10¢ cm?/mole, the SDPN purity was found to be 90—91 % by weight, and
99—100 9, from the absorbancy at 260 mpu. Solutions (pH 4 —7) were made in distilled
water. Unless when in use, they were kept at 2°C in the dark where they were found to be
stable, solutions of 1 360 xM (1 mg/ml) or more not changing for many days.

LADH was prepared from a horse liver according to Dalziel 11, After chromatography
on the carboxymethylcellulose column, the main component was twice crystallized in
the presence of 30 9, ethanol at —14°C and then 3 or 4 times recrystallized by dialysis
against 6 9%, ethanol at 2°C !, The LADH crystals were kept at —14°C under 0.1 ux phos-
phate buffer, pH 7, containing 30 % ethanol. No measured or noticeable change was seen
in the solutions prepared from the crystals over a two year period. Solutions were prepared
by centrifuging some of the stirred suspension (~ 10 mg/ml) at 15 000 r.p.m. and —14°C,
discarding the supernatant and dissolving the crystals in the same volume of 0.1 x phos-
phate-ammonia buffer, pH 9. A clear solution resulted which was dialysed for 3—4 days
against 0.1 u phosphate pH. 7 or 8, the buffer being changed each 12 or 24 h., Greatest
stability to dialysis or standing was found between pH 8 and 9. Finally the solution
was centrifuged at 15 000 r.p.m. and 2°C. Stock solutions resulted (~ 107¢ M) which were
stable for many days; indeed on occasion the decrease in activity was less than the slight
increase due to concentration by evaporation, although the enzyme was kept in a 3 ml stop-
pered glass bottle at 0°C. Dilute solutions were made, using either 0.1 u phosphate buffer,
PH 7 or 8. These were assayed immediately before and after an experiment, particularly
when more dilute than 107¢ M, All enzyme solutions were maintained at 0°C or 2°C.

Enzyme solutions were assayed according to Dalziel 11,2, the enzyme concentration,
e = 1.13/(V)(¢.,)(84 000) moles/litre, where V is the volume (ml) of enzyme pipetted into
the 3 ml assay solution (1.0 ml of 1 mg/ml DPN solution + 150 x4l 0.16 M ethanol + 1.85
ml 0.1 M glycine-NaOH buffer, pH 10) in a quartz 1 cm cuvette, and ¢ the time in seconds
for the absorbancy at 340 myu to increase by 0.2 units. The enzyme concentration used,
however, was always 0.83 of this (2 x 0.83 uN) as in the spectrophotofluorometer the ratio
of the binding sites concentration determined using excess ¢sobutyramide to the uN
concentration determined in the above spectrophotometric assay was 0.83. The enzyme
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Fig. 1. Relation between the concentration
of DPNH. solutions and their fluorescence.
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was considered pure as stock enzyme solutions had an E,, which in relation to the activity
had a specific extinction (1 mg/ml) of 0.41 —0.42, The binding site concentration (as deter-
mined by titration with DPNH in the presence of ¢sobutyramide) gives a specific extinc-
tion near 0.5.

All solutions were made in quartz redistilled water. This showed no fluorescence even
at the highest sensitivity of the fluorometer, where there was, however, a background
deflection of 0.1” (S = 1.0) from the cuvettes. Buffer solutions were made with analar”
or ’pro analysi”’ chemicals. At pH 7, 0.1 u phosphate was used, while at pH 9, 0.1 u
Na,HPO, -+ 3.6 mM glycine-NaOH buffer was used. Versene was never added to any
solutions. 95 volume 9%, alcohol (’finsprit”) and Merck, Darmstadt, *’puriss’’ acetaldehyde
were distilled through 20” Fensky helix packed columns and the middle third collected.
They were kept apart at —14°C in the dark. Stock solutions were made in water by adding
200 ul, and checked by weighing and enzymatic assay. 95 volume 9, alcohol (5 % water)
was used, as absolute alcohol on occasion contained traces of benzene.

Methods. The apparatus was essentially as described earlier 13, A Luma Hg 125 water-
cooled lamp was employed to excite the solutions with the 366 mu mercury line, and very
high sensitivity obtained by using wide entrance and exit slits (6 mm), thus enabling
substrate concentrations down to 0.5 uM to be used. The LADH concentration was made
low enough to give linear initial velocities. The enzyme (220 ul) and small substrate
volumes (5—200 ul) were added from Carlsberg pipettes checked by the weight of clean
mercury they held, and then calibrated from the absorption at 350 mu of the amount
of sodium dichromate they delivered, using the method of equal dilutions and calibrated
volumetric glassware. Substrate solutions were kept in the dark either in the refrigerator
or at 23.5°C when in immediate use. With the buffer they were added to give a final volume
of 4mlin 4.5 ml, 1 x 1 em fluorescence- free glass cuvettes which when checked gave the
same velocities as similar quartz cuvettes. pH (4 0.02) was measured at 23.5°C on a Beck-
man model G pH meter with microelectrodes. The enzyme was added from a glass stirrer
in the dark with rapid stirring. Due to the non-fluorescence of DPN and the bluish white
fluorescence of DPNH 14 the rate of DPNH oxidation or DPN reduction (e/V) can be
measured by the rate of formation or disappearance of DPNH; e/V = e 4D|(Vp - S - [D]),
where e = binding site enzyme concentration; Vp = recorder pen velocity-inches/sec.;
S = sensitivity variable from 0.1 to 5; [D] = concentration of the DPNH standard and
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Fig. 2. Lineweaver-Burk plots for case 1. Fig. 3. Lineweaver-Burk plots for case 2.
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Fig. 4. Lineweaver-Burk plots for case 3. Fig. 5. Lineweaver-Burk plots for case 4.
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Table 1. P-values and rate constants, pH 7.

@-values determined experimentally Rate constants *
@, = 0.0135 (0.014; 0.013) sec k’y = T4 sec™?

@, = 0.090 (0.089; 0.091) sec x uM ky = 11.1 sec™® x uM™?
D, = 3.2 (3.2; 3. 2) sec X uM ky = 0.31 sec™? x uM™
D, =09 (096 0.8) sec x uM?

@’y = 0.32 (0.325; 0.32) sec ky = 3.12 sec™?

D', = 1.9 (1.9; 23)sec>(/lM k'; = 0.525 sec™! x uM™
@', = 82 (82; = 110) sec x uM k’y = 0.0122 sec™! x yM™
@’;,= 10 500 (10 000; 11 000) sec x uM?

* Calculated from @ values (1/9).

Table 2. Equilibrium constants obtained from kinetics and equilibrium data, pH 7.

\ Kinetic Equilibrium
Kgr kolky = 0.28 uM 0.31 uM *
KE,0 k'ylk’y = 141 uM 160 uM *
Kx,0/KgR 502 515
Keq l Feok’sk’y x 1077k kgky, = 0.78 x 10711 M. 0.90 x 1011 M (Ref.?)
* Part II.

Table 3. Relations between coefficients required by the Theorell-Chance mechanism
according to Dalziels, pH. 7.

’ _— 7o = 0. S = 0.32
@, o, o = 0.32 sec T, 0.32 sec
D’ ) DD’
D = g @, = 0.0135 sec o = 0.0149 sec
K M K 0.90 10- nMM 0.86 10-1 M
eq = @, eq = X @, = 0. x 10
K M K 0.90 10-11 M(p"‘pld)* X 1077 0.78 x 1001 M
eq = DD, eq = Y. X D, = 0. x 10

4D its deflection in inches at § = 1. It was unaffected by direct exposure to the incident
light for 5—10 min, a period much longer than the total time it was irridated during a
series of experiments, when it was measured along with each cuvette, each exposure tak-
ing 3—4 sec. (Recently a "pure” SDPNH Sigma sample was found unsuitable in this
respect as it was unstable to UV-light, 4D decreasing during the course of an experi-
ment). At the end of each experiment the standard was checked against unused standard
taken from the refrigerator and carefully brought to 23.5°C. The fluorescence intensity
of a DPNH solution changes noticeably with a 1° temperature change.
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Table 4. ®-values and rate constants, pH 9.

Rate constants @-values *
ky| = 8.15 sec™ D, = 0.122 (P, expt. = 0.122) sec
ky = 5.7 sec™? x uM™ D, = 0.175 sec x uM
ky = 0.062 sec™ x uM™ ®, =161 (D, expt. = 16.8) sec x uM
————— = 13.8 sec! x uM-? &D,, = 13.8 sec x uM?
ky X ky
k, = 4.9 sec™! D, = 0.204 sec
ky’ = 0,508 sec* x uM™ @D, = 1.97 sec x uM
ky = 0.00885 sec™? x uM™ @, = 113 sec x uM
k ’
7~ = 1810 sec™ x uM-? @, = 1810 sec x uM?
key'key

* Calculated from rate constants. (1/k).

Table §. Equilibrium constants obtained from kinetic and equilibrium data, pH 9.

Kinetic Equilibrium
Kgr kylke, = 0.86 uM 0.65 uM*
Kg,0 kyky = 16 yM 12 uM*
Kr,0/KEgR 18.6 18.56

kykeg'key” x 1070
K — g =077 x 100t M 0.90 x 10" M (Ref.?)

ky'legkoy
* Part II.
RESULTS

For pH 7, Figs. 2— 5 show the Lineweaver-Burk plots (to avoid uncertainty
many points, several of which are done in duplicate, are usually required) for
cases 1—4, while Figs. 6—13 show the plots of the intercepts and slopes which
give the @ values and resultant kinetic and equilibrium constants in Tables
1—3. Table 3 shows that the sensitive requirements of the T.-C.-mechanism
are excellently fulfilled. The maximum velocities, k, (cases 3 and 4) and &',
(cases 1 and 2) are seen to be twice the 1955 value 2, which could partly be due
to the titrations with ¢sobutyramide giving a correct knowledge of the concen-
tration of enzyme binding sites, along with the extrapolation of the velocities
to infinite concentration of the constant reaction partner. Tables 4 and 5
give the results for pH 9, where experiments with submaximal concentrations
were only performed for case 1. The older method of calculation 2 was used
with the modification that the values for k, and %', were found by crosswise
extrapolation to infinite concentrations. Excellent agreement wasobtained
between the k, values from cases 3 and 4, and between the k', values from
cases 1 and 2.
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DISCUSSION

The results obtained at pH 7 and 9 give very convincing evidence that the
T.-C.-mechanism obtains for the liver alcohol dehydrogenase system. All the
criteria given by Dalziel agree with this mechanism. Of course, as already
emphasized !, the T.-C.-mechanism does not exclude the existence of binary
ES and ES’ complexes or of the ternary complexes ERS and EOS’, dissociating
and interconverting rapidly enough to not affect the maximum rate. Whether
there are ternary complexes operating under these kinetic conditions or not,
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the present experiments could not indicate, although experiments where pro-
ducts were initially added might 15,26, Indeed, in Part II1 we shall give experi-
mental evidence for the existence of both types of complex, along with confir-
matory values of the dissociation constants for ES and ES’. This means that
the general mechanism I for an enzyme with two substrates is followed in the
case of liver alcohol dehydrogenase, though with such restrictions that the
T.-C. simplification is allowed at least at pH 7.
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/ \lERS Eo;%EO\\H (I
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We can distinguish different phases in this reaction scheme: the first ’on
phase and the second “off”’ phase. Between these interconversion operates.
The reaction will prefer the routes in the four cases as shown in Table 6.

It is evident from Tables 2 and 5 that the dissociation constants, determined
in equilibrium measurements without substrates (See Part II) agree with the
values calculated from the kinetic constants, thus Kgg, oq = ko/k; = 0.31 uM,

Table 6. Reaction pathways for cases 1—4.

Case Conditions First phase Second phase
1 Constant [S] R - 0 B A’
2 » [R], § =0 A A’
3 » [S7, O -0 B’ A
4 » [0], 8" >0 A’ A

Kr0,eq = k' [k, = 160 uM and as shown below and in Part ITI, Ky ¢=10.2
ﬂM KES = 4.6 mM and thus KERS/KESR = KE S/K SR = 33andKEos/KES o=
= Kyg[Kno = 29. Therefore it appears h1ghly llkely that as required by the
T.-C.-mechanism the dissociation reactions of the ternary complexes in the
second phase of the reaction will prefer the routes A and A’, thus

EIS{»ER»E-{—RandE(S),—)EO—»E—}-R

+ +
S S}

In the reverse reaction, at [O] - o0 and [S'] - oo practicaly all the enzyme
will be in the state ER, and V.. = k,. The kinetic determinations of V.,
therefore will be expected to give k', and k, rather than k' and kg, in agree-
ment with the T.-C.-mechanism. The reaction in the first phase will follow
the upper or lower routes depending on the relative concentrations of the
reaction partners. The values calculated as %, (from case 1) and k'; (from
case 3) will therefore rather reflect the “on’ velocity constants k, and k',

Acta Chem. Scand. 15 (1961) No. 9
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k k'

for ES + R —> and ES' + 0 —I . According to Tables 2 and 5,
Kir eq = Kggr xin, a0d Kgo,eq = Kgo, kin, Which means that k, = k, and
k¥, =k, in agreement with an earlier discussion ?. It is by no means
obvious, why this should be so. However, as we shall show experimentally in
Part ITI, there seems to be a more general rule saying that partners in a ternary
complex do not seem to interfere appreciably with each other’s on” velocity
constants, but mainly with the “off” velocity constants, resulting in mutual
stabilization to the same extent as the off”’ velocity decreases, or mutual repul-
sion resulting in an increased off” velocity.

The interconversion phase is in both directions very fast compared with
the other steps, as required by the T.-C.-mechanism.

As seen in Figs. 2—5 the Michaelis constants vary with the concentration
of the other partner in opposite ways for the forward and reverse reactions.
This is inherent in the T.-C. mechanism:

From equation (la) at R = oo

e 1 1
VT E RS
Therefore at [DPNH] = K,

1 11 ky
kr T ST BRI T RS X AlR]

I N
Ku=R=1+ 00 [ 2+ o0y

This hyperbolic function (1 + ax)/(b + ¢x) gives an asymptotic value for
Ky = ky'[k, = 6.7 uM for [S] = oo, and Ky = ky/k, = 0.28 yM for [S] = 0.
K, approaches infinity for the unreal condition 1/[S] = —kyfk,’ = —0.0042,

Table 7 shows the values of the Michaelis constants obtained by analogous
considerations at infinite and zero concentrations of each reaction partner.
In all cases there is a 23.8-fold relation, operating in the opposite way for the
forward and reverse reactions. As can be seen from Table 7 this is k,'/k,
(74/3.1 = 23.8). The condition for K, being independent of the concentration
of the other partner is that k,’ = k, (which is not true in our case).

As seen from Table 7 the Michaelis constants for DPNH and DPN, when
their reaction partners approach zero concentration, asymptotically become
equal to the dissociation constants Kgy = ky/k; and Kgo = k'y/k’;. This
reflects the situation:

k
E+R *—k—l—-x ER

2

When [E] = [ER] and [ald] is very low, the reaction velocity will be equal to
half that recorded when [R]— oo, that is [R] = Kmpexa and vice versa
for Kyppx. This is as expected since the T.-C. mechanism assumes that
binary coenzyme-enzyme complexes are formed before any reaction with the
substrate occurs.
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Table 7. Dependence of the Michaelis constants on the concentration of the other reaction

partner [C].
Ky (uM)
[C] » 0 [C] » o
DPNH ok, =  0.28  k/fk, = 6.7
Aldehyde kyky = 10 ky'lky = 239
DPN kyfky = 141 bk’ = 5.9
Alcohol ky'lky’ = 6060 kylky = 255

From the general two substrate mechanism A, one would expect mutatis
mutandis Kyaa = Kgua = kgl/ks, and Kyac = Kgac = k¢'[k;’ for [R]
resp. [0] = 0, and the values found, 10 uM and 6 100 uM are close to those
found (in Part II) for Kgaq (10 uM) and Kga (4 600 uM) in experiments
ments with inhibitors. The functions k,/k; and k,' [k, given in Table 7 for
Kyaa and Kygae are valid only under the assumptions of the T.-C. mecha-
nism, that no binary enzyme-substrate complexes (ES, ES’) are formed. The
results obtained here, however, prove that such complexes are formed in
agreement with the general mechanism I. Nevertheless the relations between
the rate constants are such that the T.-C. simplification of the general mecha-
nism I is kinetically adequate.

Note added in proof. K. Dalziel 181 has recently reported that impurities such as
adenosine-diphosphate-ribose present in some DPNH preparations may have an inhibit-
ing action, leading to too low values for k,’. His highest value ¥ for k,’ at pH 7 was =
100 which is somewhat higher than our value 74. However, we have confidence in our
value for two reasons: first, it has been obtained consistently with three different DPNH
preparations; second, these preparations were thoroughly analyzed (McKee, to be pub-
lished) and were found to be at least as pure as Dalziel’s best one. The conformity of our
data to the requirements of the T. C. mechanism, e.g. @, = @,'®,’/P,,’ (Table 3) could be to
some extent fortuitous. It can in fact be shown that strict simplification of the complex
initialrate equation ¢ for the general mechanism I to the simple T.C.equations 1 (a)
and 1(b) reqires contradictory assumptions for the forward and reverse reaction, but
approximate simplification can under certain conditions be expected theoretically (Dal-
ziel, in preparation).
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