





Downloaded from oem.bmj.com on February 14, 2012 - Published by group.bmj.com



Downloaded from oem.bmj.com on February 14, 2012 - Published by group.bmj.com

101 ALA-D Hb DTT

Lead (ug/fr)

‘e ?

A
/;""«. % °k 9
A Cana A SRR
20 30 40 50

Fraction number

Fig 3 Gel filtration chromatography of erythrocyte lead
loaded in vitro, with or without treatment with zinc and
DTT. Erythocyte lysate from a normal subject (blood lead
concentration 10 ug/100 g) was incubated with lead acetate
(60 1g/100 mi) to induce ALA-D inhibition by method
previously reported.' Half the lysate lead-loaded was treated
with zinc and DTT as described in materials and methods
(—————— ), to the other half distilled water was added
instead of zinc and DTT (—— ).

Table 2 ALA-D activity and blood lead concentrations of
subjects examined in fig 2

Subjects  Blood lead ALA-D activity
concentrations
(ng100 g) Unit* Asgss
a 10 499
b 53 153
c) 57 15-4
(c") without 0-022
with 0-218

*umoles delta-aminolaevulinic acid/min/ml RBC. (a), (b), and (c)
are the subjects examined in fig 2. (c') was erythrocyte supernatant
from the subject (c), and ALA-D activity was determined with or
without treatment of zinc and DTT.

Table 3 ALA-D activity of erythrocyte supernatant used
for gel filtrations in fig 3

ALA-D activity (Asss)

No addition of lead 0-210
Plus lead 0-015
Plus lead plus zinc and DTT 0-145

has been bound in vivo (fig 2) and in vitro (fig 3)
accompanies the restoration of ALA-D inhibition
(tables 2 and 3).

A Sephadex G-75 column was used to make a
rough estimation of the molecular weight of the lead
peak that appeared after the addition of zinc and
DTT (fig 4). Lead removed from the proteins is
eluted together with DTT and is found in an elution
volume encompassed by a Ve/Vo of 3-0. The lead
eluted together with DTT seems not to be protein
bound.

From these experiments we have been able to
show the nature of ALA-D inhibition by lead at low
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concentrations and its restoration by heating, zinc,
or DTT or both. We have also examined whether
the nature of ALA-D inhibition is specific to lead. In
the presence or absence of the Hb fraction, the
ALA-D fraction was preincubated at 4°C for 20
hours with the chlorides of various heavy metals
(table 4). In the absence of the Hb fraction, Cu**,
Hg**, methylmercury, and Cd** powerfully inhibit
the activity of ALA-D whereas the presence of the
Hb fraction decreases the extent of inhibition by
these metals. The inhibition is not restored by heat
treatment and this differs from the inhibition pro-
duced by lead. The inhibition by Sn** is similar to
that of lead because it increases in the presence of
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Fig4 Form of lead removed from high molecular weight
proteins by zinc and DTT. Erythrocyte lysate from a lead
worker was gel filtrated by Sephadex G-75 column with (b)
or without (a) the treatment of zinc and DTT.
Concentrations of lead in blood, zinc protoporphyrin in
RBC, and 8-aminolaevulinic acid and coproporphyrin in
urine of the subject were 48 ug/100 g, 233 ug/100 mi, 11-8
mg/100 ml, and 149 pg/l respectively. Proteins with
known-molecular weight, DTT, and amino-acid were also
gel filtrated by the same column: I ovalbumin (45 000), 11
chymotrypsinogen (25 000), III cytochrome C (12 500), IV
DTT, and V tryptophane.
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Table 4 ALA-D inhibition by various metals and its restoration by heat, DTT, or zinc

Metal ions ALA-D activity (Asss)
Enzyme alone Enzyme plus Hb fraction
No further Heat DTT Zinc
treatment
Control 0-315 0-249 0-281 0-333 0-257
Cut+ (10-'M 0-087 0-255 0-148 0-332 0-252
10-°M 0-012 0-194 0-092 0-310 0-226
Pb++ (10-'M 0-300 0-050 0-180 0-260 0-253
Sn++ (10-"M 0-303 0-256 0-283 0-322 0-260
10-*M 0-320 0-165 0-275 0-332 0-260
Hgt++ (5 x 10—*M) 0-010 0-020 0-012 0-344 0-035
Methylmercur
10—»1 0-010 0-180 0-233 0-348 0-270
Cd++ (10-*M 0-095 0-140 0-035 0-273 0-107

Heat (60°C, 5 min), DTT (10 mM), and zinc (100 pM).

Hb fraction and is partly restored by heating. The
inhibition concentration of tin, however, is over
10-fold higher than that of lead. The inhibition by
methylmercury is partly restored by zinc, but the Hb
fraction does not intensify the inhibition. The addi-
tion of DTT to the reaction mixture non-specifically
restores the inhibition by all the metals examined.

Discussion

The results presented here support and confirm our
working hypothesis on the mechanisms of the
ALA-D inhibition by lead at low concentrations.?
The extent of ALA-D inhibition with the Hb frac-
tion (factors) first-preincubated with lead was
almost identical to that of the inhibition of ALA-D
first-preincubated with lead (fig 1). This observation
is consistent with that previously reported.! Lead
added to the erythrocyte lysate from normal sub-
jects is found mainly in the Hb fraction and ALA-D
activity is not inhibited. When the lysate is further
incubated the lead is transferred to the ALA-D frac-
tion proteins and the activity is significantly inhi-
bited. In the isolated ALA-D fraction where lead is
bound to proteins, however, ALA-D inhibition is
not found. If the fraction is incubated with the Hb
fraction (factors) for 2040 hours, there is a pro-
nounced inhibition of the activity of ALA-D. Based
on the present data, and the previous findings,' ter-
nary complex of ALA-D (E), lead (Pb) and factors
(F) is probably formed during the preincubation.
The complex might be the non-active form of the
enzyme. There was no change in the Km values of
the enzyme incubated with the Hb fraction in the
presence or absence of lead acetate (table 1), indi-
cating that lead incorporated into the complex does
not affect the affinity of ALA-D for substrate. Thus
the ternary complex can bind the substrate, but can-
not dissociate the product (porphobilinogen).

Whether lead in the complex interferes with the
process of the condensation of two moles of
§-aminolevulinic acid remains to be investigated.
The restoration of inhibited activity by gel filtration®
is probably due to the dissociation of the complex.

In another paper? we have discussed the mechan-
isms of restoring ALA-D inhibition by heating, and
the differences between the action of zinc or DTT,
or both, and of heating. The present data from the
restoration experiments (figs 2—4) indicate that the
recovery of activity correlates well with the removal
of lead from the ALA-D fraction proteins. The
removal of lead would result in the dissociation of
the ternary complex, restoring the activity. From the
present findings alone it is not clear whether the
zinc, added with DTT, is incorporated into the high
affinity sites on the ALA-D molecules instead of
lead.? Zinc, however, is required for the enzyme to
become active, and 4-g atoms of zinc are bound to
the octameric enzyme to produce maximum activity
when the essential sulphydryl groups are in the
reduced state.?®

The lead removed from the high molecular weight
proteins was eluted with DTT and seemed not to
bind proteins (fig 4). In the classification of erythro-
cyte lead by Raghavan et al*¢ the removed lead is
free because the elution volume by Sephadex G-75
extends to a Ve/Vo of 3-0. The lead is either in an
inorganic form or bound to amino-acids or small
peptides; this point requires further investigation.
Raghavan et al?¢ also reported the induction of a
10 000 molecular weight protein in lead-exposed
workers that has the function of detoxifying erythro-
cyte lead. As shown in fig 4, we failed to detect this
protein-bound lead. This failure might be due to the
appearance of toxicity in the subject who showed
moderately high levels of blood zinc protoporphy-
rin, urinary 8-aminolaevulinic acid, and copropor-
phyrin.
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The inhibitory action of tin on ALA-D activity
was similar to that by lead and the inhibition by tin is
restored by heat; the inhibitory concentrations of tin
were 10-fold higher than those of lead, however
(table 4). The blood tin concentration (6 wmoles in
total blood) is of the same order as the blood lead
concentration (7 wmoles in total blood) in man,*’
but no relationship between blood tin concentra-
tions and ALA-D activity has so far been shown.

From our results we conclude that the recovery of
the activity of ALA-D by heat is the most specific
measure by which to detect exposure to lead.
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