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Abstract. The pollutant lead (Pb-plumbum-black lead) is toxic. Organisms in nature cannot naturally suppres its 
concentration. Special Capital Region of Jakarta is a metropolitan city with densest highway traffic in the world, 
especially in and around the Marunda area, which is the location 24-hour non-stop loading and unloading activities of 
various businesses. With that environmental condition, in the Marunda area of Jakarta lies the Naval base where the 
Marine Taskforce Personnel are stationed. The environmental condition allows the personnel to be quite frequently 
exposed to lead. This research aims to detect the ALAD gen mutation in the Marine Taskforce personnel as a mapping of 
the level of ALAD gene mutation frequency in the Marines of the Jakarta area.  The research was conducted in a period 
of [insert data]. The sampling applied the purposive sampling method with a sample size of 100 Marines. The research 
results show that there was no ALAD gene mutation in the 100 Marines. This could depict a good energy status of the 
100 Marines stationed in the Marunda area. With no mutation found in the ALAD gene that means the process of oxygen 
binding with hemoglobin has no disruption in energy synthesis. 

Keywords: anemia, ALAD enzyme, lead, polymorphism, hemoglobin, Marine Taskforce. 

 

INTRODUCTION 

At this time heavy metal lead poisoning (Pb) in children is a major problem in developing countries. Studies of 
lead heavy metals show children more vulnerable than adults.1 The vulnerability of children's health is due to the 
higher frequency of Pb exposure. Pb contamination is found in water, air and food.2 Pb pollution in the atmosphere 
in Jakarta increased from 0.42 g / m3 in 1998 to 1.3 g / m3 in 2000, due to an increase in the number of vehicles.3 
East Jakarta is one of the areas with the highest air pollution, especially Pb. Environmental conditions around 
schools contaminated with Pb have an impact on children. Pb contamination causes heme biosynthesis disturbance 
in the early phase of lead poisoning. But this does not appear to be clinically symptomatic.4 Meanwhile, the 
characteristics of symptoms with increased precursors of Amino Acid Levulinate (ALA). Increased ALA inhibits the 
action of the enzyme Amino Levulinate Dehydratase (ALAD).5 ALAD is the second biocatalytic enzyme in heme 
biosynthesis. This enzyme has many sulfihydryl and 3 homo-octamer groups in each sub-unit with a molecular 
weight of 36,275 Daltons. The ALAD enzyme requires sulfihydryl groups with one Zn atom in each subunit. Zn 
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atoms are the necessary cofactors for ALAD enzyme activity.6 The Zn cofactor can be replaced by the Pb of the 
enzymatic reaction of heme biosynthesis. The Pb cofactor has a high affinity for binding to the ALAD enzyme. 
Therefore, Pb contamination in the environment would interfere with the function of ALAD enzymes in heme 
biosynthesis.7 

                                                                                          

METHODOLOGY 

DNA samples were taken from 60 Bachelor of Physical Education and Creations in Pencak silat using multistage 
sampling having the criteria of having lived in the study location for the past three years and not having any genetic 
blood disorders. The sampling had received an ethical approval from the Health Research Ethics Committee, Faculty 
of Medicine, University of Indonesia. The DNA genomes isolated were amplified using a PCR using the specific 
primer ALAD Forward and Reverse.8 

 

RESULTS AND DISCUSSION  

The screening results for the ALADgene polymorphism is presented in Table 1, with a wildtype genotypic 
frequency of 51.7%; heterozygote 48.3%; and no mutants were found in the Pencak Silat student population. In the 
Asian population, the ALAD-2 allele frequency was found with a small frequency, between 0 to 1%.9 This differed 
from the Caucasian population where the frequency for the mutant polymorphism ALAD gene was 1%.7 It can be 
concluded that the Asian population having a mutant polymorphism ALAD gene frequency tended to be not found. 
According to Puspitaningrum,10 51.7% were ALAD wildtypes, 48.3% heterozygoticgenotypes, and nomutants were 
found in the population of elementary schoolchildren in Kalideres, Jakarta. 

TABLE 1. Result of Genotypic screening gene ALAD on bachelor pencaksilat student’s  
Genotype Frequency Percentage 

(%) 
Wildtype 31 51.7 

Heterozygote 29 48.3 
Mutant 0 0 
Total 60 100 

 
Biosynthesis is under the control of genes that are related to the nucleotide base chain in the nucleic acid (DNA). 

If there is a change in one of the bases which results in an amino acid that has different physical and chemical traits, 
the pritein expression will change. Polymorphism of the ALAD gene could enable changes in the synthesis of the 
amino acid lycine to asparagine, where the G (guanin) base nucleotide is changed to C (cytosine) in the 177 
nucleotide position coding area in the ALAD-2 allele.11 

Individuals with the ALAD-2 allele (heterozygotes and mutants) have a mechanism for adapting to 
environmental changes compared to individuals with the ALAD-1 allele (wildtype). This proves that the ALAD-2 
allele which codes the ALAD enzyme is more electronegative than the ALAD-1 allele, making the enzyme bond 
more strongly to Pb. Individuals with the ALAD-2 allel have a protective mechanism by binding Pb more strongly 
so that Pb is within the blood compartment. As a result, individuals with the ALAD-2 allele have a higher blood Pb 
than individuals with the ALAD-1 allele. This differs from indiviudals with the ALAD-1 allele who incorporate Pb 
to their bones, brain, and blood because the Pb bond is weaker than that of individuals with the ALAD-2 allele.12 
Based on the ALAD gene polymorphism identification results in the population of the Pencak Silat Sports and 
Creations Major students, Jakarta State University, there were 51.7% wildtype individuals; 48.3% heterozygotic 
individuals, and no mutant individuals. The discovery of heterozygotic individuals could be a suggestion of the 
adaptation mechanism to environmental changes. This could be the profile for the Sports and Creations Study 
Program  in selecting delegates for competitions and tournaments or for both national and international Sports and 
Creations. In addition, there needs to be public education about Pb exposure by having a balanced diet and 
consuming adequate vitamins and using a mask during on the road. 
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  FIGURE 1. Pencak silat athlete questionnaire data summary a) Habit activities, b) type of food consumed, c) track record, d) 

sleep later, e) disese record, f) location, g) supluments blood-boosting consumtion, h) effect of environmental   

CONCLUSION AND SUGGESTIONS  

One of the polymorphic genes that can be calculated for the Pb encoding pharmacokinetic distribution is a gene 
with alleles encoding the production of Amino Levulinat Dehydratease (ALAD) enzyme. This enzyme is the second 
enzyme in the pathway of heme. GEN ALAD biosynthesis is located on chromosome 9 on the nucleotide sequence 
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number 116148591 base pair (bp), up to 116163617 PB. Heme synthesis pathways have been widely studied. 
Synthesis comes from the succinyl-CoA molecule, the result of the citric acid cycle in mitochondria and the glycine 
amino acids. The reaction product of the incorporation of succinyl-CoA and glycine is α-amino-β-ketoadipat, which 
is subsequently caraboxylated to form α-aminolevulinate (ALA) via the ALA synthase enzyme. The ALA synthesis 
reaction sequence is catalyzed by ALA synthase, which is the enzyme responsible for determining the speed of 
porphyrin biosynthesis in the liver of mammals. ALA synthesis occurs in mitochondria. In the cytosol, two ALA 
molecules are joined by ALA Dehydratease to form 2 air molecules and one ALA porphobilinogen (PBG). 
Dehydratease is a function of enzymes containing zinc (Zn) and is sensitive to inhibition by lead (Pb), as can occur 
in plumbum poisoning in the environment. The ALAD gene polymorphism with the wildtype genotype was 51.7%; 
heterozygote 48.3%; and no mutants were found in the  Pencak Silat Sports and Creations Major students.  Follow 
up studies with a larger sample population so that a wider ALAD gene polymorphism mapping could be made and 
the selection could be more detailed.  
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