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ABSTRACT

A fluorimetric methed for measuring the activity of d-aminolevulinic acid synthase (ALAS) in the lver
of mice has been developed. The liver homogenale was used as the enzyme source. The final concentration
of glycine (substrate) used for the assay was 100 mM. The d-aminolevulinic acid (ALA) formed during
incubation was converted into a highly fluorescent derivative by condensation with acetylacetone and
formaldehydc (application of the [antzsch reaction). This derivative was completely separated from other
Hluorescent substances in the reaction medium, and it was determined using a high-performance liquid
chromatograph equipped with a lluorescence manitor (370/460 nm}. The activity of ALAS was cxpressed
as nmol ALA formed per gram liver per hour.

INTRODUCTION

d-Aminolevulinic acid synthase (EC 2.3.1.37, ALAS) catalyses the condensa-
tion of glycine and succinyl CoA to [orm d-aminolevulinic acid (ALA). Tt is the
rate-limiting enzyme of haem biosynthesis, as well as one of the mitochondrial
enzymes [1]. The activity of this enzyme controls not only the rate of haem syn-
thesis in the liver but also the rate of hacmoglobin formation in crythrocytes.

The determination of ALAS activity has been performed by colorimetric
methods [2-4]. These methods involve the following steps: incubation, isolation
ol the product ALA by ion-exchange column chromatography or solvent extrac-
tion, condensation of ALA with acetylacetone or ethyl acetoacetate to form
ALA-pyrrole, colour reaction of ALA-pyrrole with Ehrlich’s reagent and spec-
trophotometric determination. Therefore, these colorimetric methods are time-
consuming. A radiochemical method [5] based on the incorporation of [2,3-
"*Clsuccinate into ALA is more sensitive than the colorimetric method, but it has
some limitations in handling a radioisotope. A fluorimetric coupled-enzyme assay
[6] for hepatic ALAS, bascd on the fluorimetric detcrmination of the oxidized
uroporphyrin L, is less useful for routine analysis, because it requires two purified
enzymes: d-aminolevulinic acid dehydratase (EC 4.2.1.24, ALAD) and porphobi-
linogen (PBG) deaminase for ALAS assay.

We have recently reported a fluorimetric high-performance liquid chroma-
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tographic (HPLC) method for determining urinary ALA [7]. ALA was converted
into a fluorcscent derivalive by condensation with acetylacetone and formalde-
hyde and it was determined fluorimetrically by HPLC. This paper describes the
application of this method to the determination of ALAS activity in liver homog-
enates.

CXPERIMENTAL

Aninals

Male ddY mice weighing 50-55 g were obtained from Kyudo (Kumamoto,
Japan). The mice were killed under ether anaesthesia, and the livers were removed
immediately and washed in ice-cold 0.9% NaCl solution.

Apparatus

An incubator (Personal-10Dx) was used for the cnzyme assay. and a dry ther-
mo unit with an aluminium block (TAH-2) was used for ALA derivatization
(both from Taivo Scientific Industrial, Tokyo, Japan). The Model LC-6A chro-
matograph was equipped with a fluorescence HPLC monitor (RF-535) and a
data processor (Chromatopac C-R3A), all from Shimadzu (Kyolo, Japan).

Reagents

All chemicals were of analytical grade. ALA hydrochloride was purchased
from Sigma (St. Louis, MO, U.5.A.). All other chemicals were obtained from
Wako (Osaka, Japan). Methanol lor the mobile phase was chromatographic
grade. A formaldehyde solution (10%), prepared by 3.7-fold dilution of formalin
(37%) with distilled water, was stored in the dark. Tris HCI buffer (0.15 M, pH
7.2), disodivm EDTA solution (0.2 M), glycine substrate (0.5 M) and trichloro-
acetic acid (TCA) solution (25%) were prepared in the laboratory. The stock
solution of ALA (100 mg/l) was prepared by dissolving 12.8 mg of ALA hydro-
chloride in distilled water and diluting to 100 ml. This stock solution was stable
[or more than three months at 4°C. The working standard of ALA (1 mg/l, 7.63
uM) was made by dilution of the stock solution with distilled water.

Procedure

The livers (ca. 2 g) were homogenized in three volumes of ice-cold 0.9% Na(l
solution. To 20-ml Erlenmeyer flask were added 1 ml of Tris—HCI buffer, 0.1 ml
of 0.2 M disodium EDTA solution and 0.5 ml of the liver homogenate. The
solution was preincubated by shaking for 5 min at 37°C. To this flask was added
0.4 ml of 0.5 M glycine solution, and it was incubated by shaking [or 30 min at
37°C. The Erlenmeyer flask was useful for homogenization of the incubation
medium by shaking. The total volume of the incubation medium was 2 ml. The
reaction was terminated by adding 0.5 ml of 25% TCA. The reaction medium
was transferred to a test-tube, and this tube was centrifuged at 1000 g for 5 min.
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An aliquot of the supernatant was diluted five-fold with distilled water, and this
solution was used as the sample [or ALA analysis.

To prepare the fluorescent derivative of ALA, 0.1 ml of this sample, 2.5 ml of
distilled water, .4 ml of acetylacetone and [ ml of formaldehyde solution were
mixed with a vibration mixer {or ca. 3 s, and this mixture was heated for 10 min at
100°C on the aluminium block. Then the test-tube was quickly placed in an
ice-cold bath until analysis. The HPLC analysis was performed under the analyt-
ical conditions shown in Table I.

TABLE 1
ANALYTICAL CONDITIONS FOR HPLC MEASUREMENT OF ALA FORMED BY ALAS AS-
SAY

Column Unisil NQ C, 4 (Gasukuro Kogyo),

250mm % 4.6 mm LD.. particle size 5 um
Detector Fluorescence 11PLC monitor (Shimadzu RF-535),

excitarion wavelength 370 nm,
cmission wavelength 460 nm,
range X 4, sensitivity high

Mobile phase Methanol-water glacial acetic acid (600:400:10, v/v)
Tlow-rate 0.5 ml/min

Pressure 90 kg/cm

Column temperature Ambicnt (22-25°C)

Chart speed 5 mm/min

Injection volume 20 ul

Calculation

The hepatic ALAS activity (nmol ALA per g liver per h) was calculated ac-
cording to the following formula:

F, X 5/F; x 0.1 x 7.63 x 4/0.5 x 60/30 = Fy x 5/Fg x 12.2 where F, is the
fluorescence intensity of sample, and F, is the fluorescence intensity of ALA
standard (1 mg/l, 7.63 pM).

RESULTS AND DISCUSSION

The fluorimetric determination of ALA based on the derivatization with
acetylacetone and formaldehyde is ca. 30 times more sensitive than the colori-
metric determination based on the condensation of ALA-pyrrole with Ehrlich’s
reagent (unpublished data).

ALAD is the enzyme that catalyses the conversion of ALA into PBG. To
investigate the relationship between the inhibition of ALAD activity in the liver
homogenates and the concentration of disodium EDTA added to the incubation
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Fig. I. Elfect of addition of disodium EDTA on the activity of ALAD in the liver homogenate. Several
solutions of disodium EDTA (0, 0.002, 0.02, 0.2 and 1.0 M) were used for this experiment. The concentra-
tion of disodium EDTA is a tinal concentration 1n the incubation mixture (2 ml).

Fig. 2. Chromatograms of the ALA product: (A) from a five-fold dilution of the supernatant after enzyme
reaction; {B) from a five-fold dilution of the supernatant obtained with no addition of substrate glycine.
The analytical conditions for HPLC are shown in Table 1.

medium, the hepatic ALAD assay was performed according to a modification [8]
of the method of Nikkanen er al. [9].

Fig. 1 indicates that hepatic ALAD activity is completely inhibited by the
addition of disodium EDTA {10--50 mM) to the incubation medium. This finding
demonsirates that the enzymic conversion of ALA into PBG can be stopped if 10
mM disodium EDTA is added to the assay medium for ALAS. Thercfore we
chase a 10 mM concentration of disodium EDTA in the present study.

Fig. 2A shows that the fluorcscence product of ALA is completely separated
from other fluorescent substances in the reaction mixture. Comparison of the
chromatograms A and B in Fig. 2 shows that most ol the fluorescent substances
other than the ALA derivative sccm to result from the substrate glycine. In the
fluorescence derivatization of ALA produced during incubation, it is necessary to
dilute the supernatant five-fold with distilled water. No dilution of the super-
natant leads to incomplete separation of the ALA derivative on the chroma-
togram, because ol the high concentration of glycine present in the supernatant.

Marver et al. [2] have previously demonstrated that the enzyme ALAS can be
measured in rat liver homogenates using both added glycine and endogenously
generated succinyl CoA, and the production of ALA in this system is greater than
in the isolated mitochondrial system with exogenous succinyl CoA generation.
We also used the endogenous succinyl CoA-generating system [or hepatic ALAS
assay in the present study. On the other hand, Bonkowsky and Pomeroy [10] have
determined the human hepatic ALAS activily with and withoul the cxogenous
system for generation of succinyl CoA in the liver homogenates, and they have
indicated that the liver ALAS activity measured with the exogenous gencrating
system was 2.5 times higher than that measured without.
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Fig. 3. Relationship belween glycine (substrate) concentration in the incubalion mixlure and the amount of

ALA formed. Several solutions of glycine (0, 0.05, 0.125, 0.25, 0.375, 0.5 and 0.75 M) were used for this

experiment.

Fig. 4. Relationship between disodium EDTA concentration in the incubation mixture and the Huo-
rescence intensity (1'1) of the ALA derivative (the amount of ALA formed). The solutions of disadium
EDTA used correspond to those in Fig. 1.

Fig. 3 shows the relationship between the glycine concentration in the in-
cubation mixture and ALA production. The optimal conditions for ALAS mea-
surement was obtained with a substrate concentration of 100 mAM or more. The
concentration of the substrate glycine used in this study was 100 mad.

Fig. 4 shows the relationship between the concentration of disodium EDTA in
the incubation mixlure and ALA formation. The amount of ALA in the reaction
mixture was increased with increasing concentration of disedium EDTA, and
was constant in the disodium EDTA concentration range 10-50 mAf,

Fig. 5 shows the relationship between the amount of liver homogenates used
for the enzyme assay system and the fluorescence intensity of the ALA derivative
corresponding to the ALAS activity. The production of ALA (enzyme activity)
was proportional to the amount of the liver homogenate present in the incubation
mixture. In the present method, 0.5 ml of the liver homogenate was used as the
CHZYIMC Source.

The relationship between the production of ALA during incubation and the
incubation time was linear up to 60 min (data not shown).
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Fig. 5. Relationship between the volume of liver homogenate used for the enzyme assay and the fluo-
rescence intensity (FI) of the ALA derivative (the amount of ALA formed).
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We used the described method to measure ALAS activity in liver homogenales
from normal mice. The activity values obtained ranged from 5.6 to 11.0 with a
mecan of 8.4 nmel ALA per g liver per h (n = 16). The coefficient of variation,
obtained from five repeated assays, was 9%.

Marver e/ af. [2] reported that normal ALAS activity in the rat liver homog-
enates ranged from 4 to 15 nmol ALA per g liver per h (# = 24), as measured by
the colorimetric method. Bishop ef af. [6] developed a fluorimetric coupled-en-
zyme assay for ALAS, and they reported a value of the ALAS activity of liver
homogenate from normal rats of 8.7 nmol ALA per g liver per h. Our valucs for
ALAS were similar. This hepatic ALAS is induced by administration of a por-
phyrinogenic drug, such as allylisopropylacetamide (AlA). Lien and Beattie [4]
reported that the hepatic ALAS activity in male rats treated with AIA was 105 +
18 (# = 4) nmol ALA per g liver per h.

CONCLUSION

The fluorimetric HPLC method for measuring ALAS activity is sensitive and
rapid compared with the colorimetric method, and it is applicable to the determi-
nation of ALAS activity in animal and human biopsy livers.
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