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Introduction
Eukaryotes, bacteria and archaea are major living organisms 

on the earth and they are classified based on their universal 
small ribosomal RNA subunit [1]. These organisms have some 
difference in their structure and glucose metabolism. For 
example, archaea have a special composition in their membrane 
like a glycerol back bone of their membrane phospholipids 
and this composition is unique feature to archaea which is not 
found in any other organisms [2]. However, archaea and eukarya 
have primases, helicases and replicative polymerases which are 
parts of the DNA replication, whereas theses enzymes are not 
related to the bacterial replication system [3]. On other hand, 
bacteria and archaea have some similarities and differences in 
glucose metabolism. In this paper, we are compared the glucose 
metabolism between archaea and bacteria based on differences 
of enzymes and pathways in carbohydrate metabolism. This 
paper focused some differences and similarities in the classical 
Embden-Meyerhof-Parnas (EMP) and the Entner Doudoroff 
(ED) pathways that are found in bacteria and archaea. EMP and 
ED are central pathways for carbohydrate metabolism among 
these organisms. Some archaeal enzymes have some similarity 
with bacteria, but most archaeal enzymes have no similarity 
with classical glycolytic pathways in Bacteria [4].

 
EMP Pathway among Bacteria and Archaea

Most organisms metabolize glucose though the EMP pathway 
to generate ATP, pyruvate and NADH. The pentose phosphate 
pathway is needed for supplying the metabolic intermediates that 
are not available in the EMP pathway, such as paints-5-phosphate 
and erythrose-4-phosphate, and NAPDH. Reactions of glycolysis 
(EMP pathway) involves: first, phosphorylation of glucose 
(preparatory phase), isomerization to fructose-6-phosphate, and 
phosphorylation to fructose-I, 6-biphosphate. Second, cleavage 
of Fructose 1, 6 diphosphate to 2 3-C PGAL. Finally, formation of 
3-C pyruvic acid (end product of glycolysis) [5]. Modified EMP 
pathway occurs In archaea which has additional features to 
be unique to archaea such as synthesis methane and presence 
a novel coenzyme for acetate and methane. For example, 
Pyrococcus furiosus grows at 100 C and ferment carbohydrates 
to acetate and carbon dioxide. Glucose and fructose don’t support 
the growth of Pyrococcus furiosus, but other carbohydrates like 
maltose transport to the cell and convert to glucose [6]. However, 
there are some differences between classical and modified of 
EMP pathways. The first difference is the phosphoryl donor in 
the hexokinase and fructokinase reactions appears to be not ATP 
but rather ADP. The second difference is that the enzyme which 
oxidizes glyceraldehyde-3-phosphate to 3-phosphoglycerate is 
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ferredoxin-linked enzyme and is not NAD-linked enzyme. The 
other difference is that theoxidizes of pyruvate to acetyl-CoA and 
carbon dioxide are done by pyruvate: ferredoxin oxidoreductase 
[7].The other example of a modified EMP pathway in archaea is 
hyperthermophile Thermoproteus tenax. Modified EMP pathway 
of this organism is different from the classical EMP pathway 
that is characterized by some coenzymes such as a ferredoxin-
dependent glyceraldehyde-3-phosphate oxidoreductase [8].

ED Pathway among Bacteria and Archaea
Alternate way for carbohydrate metabolism, which is break 
down the glucose into pyruvate by using a set of enzymes, which 
are differ from glycolysis or the pentose phosphate pathway 
[7].The features of the ED pathway are occurring only in 
prokaryotes and 6-phosphogluconate dehydratase and 2-keto-
3-deoxyphosphogluconate aldolase are used to create pyruvates 
from glucose. There are a few organisms utilizes ED pathway 
and they may lack enzymes essential for glycolysis such as 
phosphofructokinase-1. This pathway is found in Pseudomonas, 
Rhizobium, and Azotobacter. On other hand, there are two 
different modifications of the ED pathway in Archaea, a non-
phosphorylative and a semi- phosphorylative version for 
carbohydrate catabolism [8,4].

Modified ED pathway of S. solfataricus is not only utilized 
glucose, but also utilized galactose. Glucose dehydrogenase 
enzyme and gluconate dehydrataseare catalyzed the 
glucose, orgalactose to 2-keto-3-deoxygluconate. In the non-
phosphorylative ED branch, KD (P) G aldolase is cleaved 
the 2-keto-3-deoxygluconate into one molecule of pyruvate 
and one glyceraldehyde. After that glycerate formation from 
glyceraldehyde to gain another molecule of pyruvate by 
phosphoenol pyruvate [9].

Conclusion
In comparison to a long history of research on bacteria, 

the study of archaeal metabolism is relatively recent focus of 
attention and there have been many new findings that have 
proven a several metabolic features distinct from those of 
bacteria. Obviously use a variant of the reversible EMP pathway 
and two different modifications of the ED pathway (a non-
phosphorylative and a semi- phosphorylative version) for 
carbohydrate catabolism which are differ from classical EMP 
and the ED pathways.

In EMP pathway is the most common pathway in all 
domains of life. These enzymes are enolase, glyceralde- hyde-
3-phosphate dehydrogenase, triosephosphate isomerase and 
phosphoglycerate kinase which are   convert of glucose-6-P 

into pyruvate so these enzymes are universally distributed 
among archaea, bacteria and eukarya. Unique features of EMP 
pathway in archaea include: reduction of ferredoxin instance of 
NADH, very low ATP and unique enzymes which are pyruvate: 
ferredoxin oxidoreductase, non-orthologus PGMs and non-
phosphorylating GAP dehydrogenase. For example, pyruvate: 
ferredoxin oxidoreductase which is oxidized the pyruvate to 
acetyl-CoA and carbon dioxide. Those enzymes are not found in 
bacteria and eukaryotes.

On the other hand, the ED pathway shows the Archaea 
have ability to utilize both glucose and galactose as a source for 
energy. There are two different modifications of the ED pathway 
in Archaea, a non-phosphorylative and a semi- phosphorylative 
version for carbohydrate catabolism. In conclusion, EMP 
pathway is well- conserved in bacteria and eukaryotes and ED 
pathway is occurring only in prokaryotes, while archaea have 
developed a unique variety of these pathways.
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