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Summary

The isoenzymes of aspartate transaminase differ in their kinetic prope~ties in that
the cytoplasmic isoenzyme is more readily inhibited by adipate and by 2-oxog
lutarate (substrate) at low pH. A differential kinetic assay based on this phenome
non has been optimised for use in assays of serum samples. The new method agrees
well with an immune absorption procedure. Methods based on chromatographic
separation of the isoenzymes fail in the presence of serum.

Introduction

The two isoenzymes of aspartate aminotransferase (AA T, EC 2.6.1.1) are nor
mally located in the cytoplasm (cAA T) and mitochondria (mAA T) respectively.
Both are present in serum (or plasma) so that they are assayed together when the
total AA T activity of serum is measured. It may be of value clinically to measure the
activity of each independently, but there are objections to many of the methods
which have been proposed for this purpose (see' Discussion'). It seemed worthwhile,
therefore, to re-examine the differential kinetic assay, introduced by Fleisher et aI.
[1], with a view to optimising its performance as a discriminant between the
isoenzymes in the presence of the analytical matrix (serum). This is particularly
important in that many other possible methods are not appropriate for clinical use.

Methods and results

AA T isoenzyme assay
Our finally chosen method requires two separate measurements of rate of change

of absorbance (340 nm) at 37°C with the following final reagent concentrations and
pH values:
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pH 7.4: potassium/phosphate buffer 33 mmol/l, L-aspartate 33 mmol/l, 2-oxog
lutarate 6.7 mmol/l, malate dehydrogenase (MDH) 833 U /1 (1 V per 1.2 ml test
volume), NADH 0.125 mmoljl (0.1 mg per 1.2 ml test volume), serum sample/total
volume ratio 1 : 12 (0.1 ml sample per 1.2 ml test volume).

pH 6.0: potassium/phosphate buffer 10 mmol/l, adipate 50 mmol/l, L-aspartate
15 mmol/l, 2-oxoglutarate 15 mmol/l, MDH, NADH and sample volume/total
volume ratio as above.

In measurements at pH 6.0 it is essential that the sample be preincubated with
2-oxoglutarate for several min at 37°C before aspartate is added to start the AA T
reaction [2].

Once the two rate measurements have been obtained on a mixture such as serum,

containing both isoenzymes, the two separate activities may be calculated, provided
that it is known how the activity of each isoenzyme individually varies between the
two sets of conditions employed. This information is expressed, for each isoenzyme,
as the quotient, activity at pH 6.0 divided by activity at pH 7.4. For these quotients
we employ the abbreviations M for mAA T and C for cAA T. The values fin.ally
adopted for clinical use are M = 0.90, C = 0.05. M and Care dimensionless ratios.

The calculation may be simplified as follows for a I-cm light path and conditions
as described above:

cAA T activity (V/I) = 2270 X (0.9 VI - V2)

mAAT activity (U/1) = 2270 X (V2 - 0.05 VI)
where VI = rate of change of absorbance at pH 7.4, V2 = rate of change of ab
sorbance at pH 6.0, and both activities are finally expressed in terms of activity
measured under the above set of pH 7.4 assay conditions.

Purification of isoenzymes
The cAA T and mAA T used in this work were purified from human liver and

heart, obtained at autopsy from organs judged to be free of disease, by a method
modified from that of Glatthaar et al [3]. Typical specific activities achieved were
cAA T 121 U /mg, mAA T 267 U /mg protein.

Optimisation
The essential content of this work was to discover assay conditions under which

M and C were as distinct as possible and yet were also insensitive to chance
variations in those assay conditions, not forgetting the sample itself as a source of
variation. After preliminary experiments with purified isoenzymes alone we pro
ceeded to add serum (correcting measured rates for the activity already present in
the individual serum sample) and determined M and C over a wide range of
conditions; varying one component of the assay mixture at a time, including the
nature and concentration of buffer ions. When approximately optimal conditions

had been identified, the cycle of variation of conditions was again repeated more
than once. Figs. 1 and 2 illustrate stages close to the last step in this process.

It will be seen that the substrate concentrations finally chosen do not give the

highest possible value of the ratio M/C. Similarly, if adipate concentrations were
increased beyond 50 mmol/l, higher values were observed for M/C. The magnitude
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Fig. 1. Variation of activity quotients with substrate concentration. For definitions of M and C; see text.
In the pH 6 measurements the buffer was 33 mmoljl phosphate, adipate concentration was 50 mm~ljl,
and substrate concentrations were varied. Conditions for measurements of rate were in other respects as

described in the text. The samples used were mixtures of human serum with purified isoenzyme and

results are corrected for pre-existing activity in the serum. 0, D, M and MIC respectively with

L-aspartate held constant at 30 mmoljl and 2-oxoglutarate varied as shown; e~ _, M and MIC

respectively with 2-oxoglutarate held constant at IS mmoljl whilst L-aspartate was varied as shown.

Fig. 2. Variation of activity quotients with buffer concentration. In the pH 6 measurements L-aspartate
concentration was IS mmoljl, 2-oxoglutarate IS mmoljl, adipate 50 mmoljl, and the nature and
concentration of buffer was varied as shown. Conditions were otherwise as described in the text. 0, D, M
and MIC respectively with phosphate buffer; e, _, M and MIC respectively with cacodylate buffer.

of this ratio, however, is not the sole criterion for choice of assay conditions (see
'Discussion'). Under conditions where M was considerably less than 0.90, or C,more
than 0.05, variability in the measurement of these quotients increased to an undesira-
ble extent. .

In further experiments, different individual serum samples were used as matrix
and it was found that measured values of M and C varied considerably - more
than can be attributed to error in the measurements themselves. For example, in one

series with isoenzymes from human heart added to different serum samples we
found for cAAT (49 samples, mean ±SD) C=0.057±0.019, for mAAT (47
samples, mean ± SD) M = 0.904 ± 0.196. These were single determinations on each
serum sample and are intrinsically of high variability because activity due to added
isoenzyme at each pH value must be calculated from the difference between activity
with added isoenzyme and that determined for serum alone.

Validation, normal values
Detailed comparative studies were made with two chromatographic [4,5], and one
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immune absorption method [6] (Eiken Chemical Co. reagents). This latter depends
upon removal of cAA T from serum by reaction with freeze-dried rabbit anti-human
cAA T antibody followed by adsorption to sheep erythrocytes' sensitised' by cou
pling with antibody to rabbit IgG. The residual mAA T may then be measured by
any appropriate method. Wada et al. [6] do not give full details of their method of

assay for AA T activity. We used our own method (above; pH 7.4 conditions). The
electrophoretic method of Boyde [7] (modified) and our differential kinetic assay
(above) were used to check the isoenzyme composition of fractions separated by the
chromatographic [4,5] and immune absorption [6] methods.

The chromatographic methods were found to be faulty when used on serum
samples. That of Sampson et al [4] overestimates mAA T because the supposed
mAA T fraction is heavily contaminated with cAA T (Fig. 3). That of Schmidt et al
[5] underestimates mAA T because some is retained on the column and elutes with
the second (cAA T) fraction: also, recovery of both isoenzymes is poor [8].

Agreement with the Wada immune method was excellent, the regression line of
mAAT (U/I) by the Wada method upon mAAT (U/l) by our differential kivetic·
assay being 0.501 + 1.004x; Pears on correlation coefficient 0.9998. For this compari
son, 102 pairs of determinations were carried out on serum samples with mAA T
varying from 1.4 to 955 U/l. No cAAT could be detected in the supernatants
following adsorption to sheep erythrocytes, though an earlier version of the assay
from the same manufacturer was less successful in this respect.
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Fig. 3. Differential analysis of chromatographic fractions obtained by the method of Sampson et al. [4]. A

natural (pathological) serum sample containing 1330 U /1 AA T activity was subjected to chromatography
as described in [4] and each fraction assayed by our differential kinetic assay method. Arrows show points

of application of the serum sample and of the second eluting buffer. Results are presented as the activity

actually found in each fraction (U /1), 0, mAA T activity, e, total AA T activity. Above the graphs are

tracings of AA T activity patterns found after electrophoresis [7] of fractions 9, 10 and 20. The mAA T

band from fraction 9 is characteristically compact owing to l\:2-macroglobulin binding. No cAA T should
be detected in fractions 9 and 10 if the chromatographic method is functioning correctly, but as shown

here it typically was present.
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Fig. 4. Changes in measured activity of isoenzymes on storage; % of initial activity, mean ± SO. ·Natural

serum samples were stored at 4°C or - 20°C and the activity of mAA T and cAA T measu;ed at intervals

by the method described in text. For the - 20°C study the samples were frozen in small aliquots, thawed

once only for assay and not re-frozen. 6., 0, mAA T and cAA T respectively, 47 samples stored at -4°e,
initial mAAT 5.5-13.5 V/I, initial cAAT 20-45 V/I. .A., ., mAAT and cAAT respectively, 17 samples
stored at - 20°C, initial mAA T 10-25 V/I, initial cAA T 40-65 V/I.

Recovery was tested on the final form of the assay procedure by adding purified
isoenzymes to serum samples. For mAA T we found 96.5 ± 3.5%, for cAA T 103 ±
4.0% (mean ± SD, 20 de terminations).

Reproducibility was tested within and between batches by 10 or more assays on
natural clinical samples at various activity levels. Results for inter-batch variation
were as follows (mAAT activity U/l, mean ± SD): 4.3 ± 0.52, 18.5 ± 1.5,47.0 ± 2.5,
668 ± 24.

Upon storage at 4°e the measured activity of serum mAAT rose progressively
whilst that of cAA T fell: on storage at - 20oe, both activities rose progre~sively

(Fig. 4). It is suggested that storage be limited to 7 days at 4°e or 30 days at
- 20oe.

Normal values of serum mAA T by our kinetic differential assay method are as
follows (U /1 at 37°e and under our pH 7.4 assay conditions: mean ± SD); no age
correlation was detected: males (116 men aged 18-81): 4.94 ± 1.05 (cAAT 17.4 ±
4.15); females (114 women aged 16-82): 4.43 ± 1.02 (cAA T 16.85 ± 4.85).

Discussion

Separation of cAA T and mAA T looks easy but is not, especially in the presence
of serum. lX2-Macroglobulin binds mAA T in such a way as to disturb its behaviour
on DEAE cellulose chromatography [9], electrophoresis [7,10] and ultracentrifuga
tion [11]. Failure to detect mAAT in normal serum by certain electrophoretic and
chromatographic methods (e.g. [12-14]) is probably attributable, at least in part, to
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this phenomenon, though other possible explanations exist [15]. A recent chromato
graphic method [4] gives high values for the serum mAAT level [8,15] and the
discrepancy has now been traced to the presence of cAA T in the supposed mAA T
fractions. Less direct evidence of this has been given by Rej et al [15].

Methods depending on the distinct antigenic behaviour of the isoenzymes [16]
should also be investigated in a spirit of critical enquiry: coincidence of results by
two independent methods is a necessary but not sufficient condition for accepting
both as sound. As shown above, an immune absorption method [6] agrees well with
our differential kinetic assay and we found also that the presumptive mAA T
fractions contain no cAA T detectable by a sensitive electrophoretic method. Rej and
coworkers [15] have presented strong evidence for the validity of their own immune
precipitation method.

Since the introduction of a differential kinetic assay, based upon substrate

(2-oxoglutarate) inhibition of cAA T at low pH [1], the following significant advances
have been made: (a) the error theory of Davis et al [17] and (b) use of adipate as an
additional inhibitor of cAA T [18]. Apparently, neither of these groups, nor th'!t of·

Graubaum et al [19], conducted optimisation studies in the presence of serum, a step
which we have found to be essential, and it has been shown that the Graubaum
method overestimates mAAT [15]. Martinez-Carrion's group [18] was not concerned
wi th serum assay.

We found many excellent combinations of conditions giving very clear dis
crimination between mAA T and cAA T in mixtures of the purified isoenzymes. But

with the exception of conditions close to those finally adopted, the values of M and
C altered drastically and for the worse as soon as serum was added to test for matrix
effects.

Davis et al [17] indicated that the search for ideal conditions should be directed to
achieve a high MIC ratio whilst at the same time preserving a high value for M; that
is, not overemphasising the minimisation of C; and our experience confirms that this
is sound. They assumed, however, that the values of M and C could be determined
with whatever degree of precision may be required by repeated measurements,
whereas we have found that precision is restricted in practice by variation in matrix
effect between one serum sample and another.

We accordingly decided to pick reasonable but, in the last analysis, arbitrary
values of M and C. It can easily be shown and has been determined in practice that
small variations or errors in M and C, in the vicinity of M = 0.90 and C = 0.05, have
little effect on the calculated activities of mAA T and cAA T ([8], p. 144). Thus,

although there is. an irreducible limit to the accuracy of measurements by our
proposed method, we are confident that it is satisfactory for clinical purposes. It is,
moreover, simple, cheap, quick and robust.

A few technical points require comment:
Larger amounts of MDH may cause trouble because of trace amounts of other

enzymes present as impurities in commercially-available preparations.
We have experienced no problem with instability of NADH at pH 6.0. Reagent

blanks, which should be run at each pH value with each batch of determinations,

average 0.0005 per min at each pH value, which is exactly as would be calculated for
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our reaction conditions [20]. The very high reagent blanks, at pH 6, found by Rej et

al [15], cannot be easily explained (but see [2]).
We have experienced no problem, either, with the pyruvate and lactate dehydro

genase invariably present in serum, presumably because of the preincubation period
of at least 8 min used as routine at both pH values.

It may be argued that we should have used the IFCC Standard Method instead of
our pH 7.4 assay conditions. The chief reason why this was not done is that the
conditions of the IFCC method, having been developed in respect of samples

containing substantially only one of the isoenzymes (cAA T), are seriously subopti
mal for mAA T, which requires approximately equal concentrations of L-aspartate
and 2-oxoglutarate for maximum activity [9]. Our pH 7.4 conditions on the other
hand, derived from the original UV kinetic method of Karmen [21] and perhaps still
the most widely used in clinical laboratories all over the world, are about equally
suboptimal for the two isoenzymes ([9] and unpublished results). Further, the use of
pyridoxal phosphate in assay mixtures leads to the apoenzyme being assayed
together with holoenzyme, whereas it is a different substance worthy of independent
study, as has already appeared from clinical surveys [22-24].
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