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UNDERINVESTIGATED ROLES OF GLUCOSE-6-PHOSPHATE
DEHYDROGENASE

DMYTRO GOSPODARYOV

Abstract. The review examines certain aspects of the reaction catalyzed by glucose-6-phosphate
dehydrogenase (G6PDH) in living organisms of different taxa, from bacteria to humans. Particular
emphasis is put to the role of G6PDH in iron homeostasis and lipogenesis. Prooxidant and
antioxidant roles of G6PDH are also highlighted along with several currently known mechanisms
of G6PDH regulation.

Keywords: NADPH, superoxide, thiol, iron-sulfur cluster, glutathione.

1. INTRODUCTION

Glucose-6-phosphate dehydrogenase (G6PDH) is an ancient enzyme, which is present in both,
prokaryotes and eukaryotes. This dehydrogenase is the very first and regulatory step of pentose
phosphate pathway (PPP). In turn, PPP interplays with many other important metabolic pathways in
cells (Fig. 1). Indeed, PPP allows producing of ribose-5-phosphate, carbohydrate part of ribonucleotides
as well as the metabolite of Calvin cycle in photosynthetic organisms. One of the products of the
reaction catalyzed by G6PDH is reduced nicotinamide dinucleotide phosphate (NADPH). This
compound is an essential reductant used in numerous biosynthetic processes [48]. Particularly,
NADPH takes part in fatty acid and sterol synthesis, reduction of low and high molecular mass
thiols [48], and consequently, in synthesis of heme and assembly iron-sulfur (Fe/S) clusters [14, 68].
These roles for NADPH, which is reduced mainly by G6PDH, characterize the latter as lipogenic and
related to antioxidant defense enzyme. They underlie also specific regulation of G6PDH. It is known
that the expression of the gene coding for G6PDH in multicellular organisms is regulated by
transcriptional factors which are responsible for lipogenesis and antioxidant defense [3, 8, 42].
However, the lipogenic role of G6PDH is more pronounced in multicellular organisms which have
lipid storages and insulin signaling. Indeed, NADPH does not react with either hydrogen peroxide or
superoxide anion-radical directly, but instead reduces thiol-containing antioxidant proteins such as
glutaredoxins and thioredoxins, and also tripeptide glutathione. Interestingly, all these antioxidant
thiols are common for bacteria and humans. Using of NADPH as main thiol reductant adds a new layer
of complexity in understanding of G6PDH role. Thus, glutaredoxins and thioredoxins, in addition to
their antioxidant function, play also many metabolic roles. For instance, thioredoxin is used for the
synthesis of deoxyribonucleotides from ribonucleotides [62]. This step integrates production of ribose-
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5-phosphate in PPP and ribonucleotide biosynthesis with production of NADPH in PPP and
deoxyribonucleotide biosynthesis. Reduced glutaredoxins are necessary for the assembly of Fe/S
clusters and heme synthesis [14, 68] as it was mentioned above for NADPH. These roles of NADPH
and reduced thiol-containing compounds may also partially explain development of hemolytic anemia
in response to certain drugs for people with G6PDH deficiency that will be examined in more details in
the review. The complexity and intertwining relationships between all processes which are related to
G6PDH combined with huge amount of new data, demands scrupulous systematization. Despite the
constant focus on G6PDH as an important enzyme, majority of past and recent reviews are devoted
predominantly to G6PDH deficiency.
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Fig. 1. Roles of pentose phosphate pathway in cells.

Thus, the goal of this review is to summarize and systematize the current knowledge on the roles of
G6PDH in living organisms, from bacteria to humans. Particular emphasis is put on the points which
were not emphasized previously, namely the role of GoPDH in Fe/S cluster biogenesis and the complex
regulation of G6PDH activity, including responses to different environmental stimuli. This
systematization is also required for better understanding of the integrated metabolic scheme for cells,
tissues, organs and a whole organism. The crucial point here is that certain enzymes and metabolites of
the organism can be set for distinct and specific roles. Particularly, despite so many important roles for
G6PDH in cells, its deficiency is rarely characterized by a strong phenotype. The deficiency is exhibited
as severe hemolytic anemia in response to redox-cycling compounds and may be accompanied by
chronic granulomatous disease. However, there were no reports about disorders in lipid and sterol
synthesis or nucleotide synthesis. The other example of such specific phenotype is fumarase deficiency
which leads to predominantly renal cancer or leiomyomas [1], although fumarase is present in every
cell and is an important enzyme in tricarboxylic acid cycle. The tissue-specificity of these and other
similar diseases is poorly understood, and requires more profound understanding of metabolic
integration, including signaling pathways which can be modulated by intermediates of key metabolic
pathways.

2. G6PDH IN IRON-SULFUR CLUSTER HOMEOSTASIS

The gene zwf coding for G6PDH in enterobacteria is a member of the SoxRS regulon which
coordinates defense systems against deleterious effects of superoxide anion-radical and hydrogen
peroxide. Genes sodA, acnA, fpr, fldA, fur, yggX, and others which code for manganese-containing
superoxide dismutase, oxidant-resistant aconitase, NADPH-ferredoxin oxidoreductase, flavodoxin A,
ferric iron uptake regulator and putative Fe?" transporter, respectively, are other members of this
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regulon [21]. Superoxide dismutase (SOD) is the main enzyme detoxifying superoxide. This enzyme
dismutates two molecules of superoxide yielding hydrogen peroxide and molecular oxygen.
Importantly, superoxide is a very short living reactive oxygen species [21]. Thus, under intensive
intracellular generation of superoxide or during attack of immune cells, catalase and peroxidases are a
second line of the defense after SOD. Among peroxidases, glutathione peroxidase is one of the key
enzymes for detoxification of hydrogen peroxide [65]. This enzyme uses tripeptide glutathione to
reduce hydrogen peroxide as well as many other peroxides. Afterwards, the pool of reduced
glutathione is replenished by de novo synthesis or in reaction catalyzed by glutathione reductase (GR)
where NADPH is used as a reductant. This is a simple explanation of the regulation of zwf expression
by superoxide. However, it is known that the gene coding for GR in Escherichia coli, gorA, is regulated
by the OxyR transcriptional factor responding to hydrogen peroxide [40]. In contrast, G6PDH has so
called “soxbox” and is regulated by the SoxS regulatory protein responding to superoxide anion-
radical [11, 79]. Hydrogen peroxide may activate also SoxS target genes but there was no zwf among
them [43, 81]. However, the increase in expression at the level of G6PDH activity in response to
hydrogen peroxide treatment was described in other papers [60, 61]. Redox-cycling compounds may
also drive OxyR-regulated genes [15]. Nevertheless, differential regulation of G6PDH and GR in E. coli
suggests more specific role of G6PDH in response to superoxide attack. This specific role of G6PDH
may supposedly be connected with repair of Fe/S clusters, the one of the main targets for superoxide. It
is known that biogenesis of Fe/S clusters in bacteria and eukaryotes requires NADPH [12, 21, 49, 68]
and is mediated by NADPH-dependent enzymes such as NADPH-ferredoxin oxidoreductase [12].
Remarkably, the latter enzyme is also under SoxS regulation [12, 21]. In addition, it was demonstrated
that expression of SoxS targets can be triggered by changes of NADPH/NADP* ratio [26]. This
demonstrates specific role for G6PDH in Fe/S cluster repair shared by bacteria and budding yeast
Saccharomyces cerevisiae. Particularly, yeast strains deficient in G6PDH are auxotrophic for lysine and
methionine. Metabolism of both these amino acids includes enzymes with Fe/S clusters and stages
which require NADPH. Particularly, biosynthesis of lysine in yeast goes through the conversion of
homocitrate to homoisocitrate [35]. This conversion is catalyzed by homoaconitase Lys4p, the enzyme
containing Fe/S cluster and sensitive to superoxide treatment [34]. Additionally, lysine biosynthesis
pathway includes two NADPH-consuming reactions, catalyzed by Lys2p and Lys5p, a-aminoadipate
reductase and saccharopine reductase, respectively. Yeast methionine biosynthesis includes sulfite
reductase Met5p, which also contains Fe/S clusters [72]. Sulfite reduction is simultaneously a NADPH-
consuming step [66, 72]. In turn, the step catalyzed by phosphoadenylyl sulphate reductase requires
thioredoxin as a reductant [72]. Thioredoxin is subsequently reduced by thioredoxin reductase, thus the
thioredoxin reduction is also a NADPH-dependent step. Details of this regulation are shown on the
scheme below (Fig. 2).

In humans, G6PDH deficiency causes severe erythrocyte hemolysis only after consumption of
redox-cycling compounds contained in formulations of certain drugs and in foods like fava beans [6]. It
means that despite importance for the whole organism, G6PDH is dispensable enzyme and its reduced
activity does not result in strong phenotypes [6, 36]. It is believed that erythrocyte hemolysis under
G6PDH deficiency is rather caused by superoxide and hydrogen peroxide than induced by redox-
cycling agents directly [50, 78]. Thus, incapability of G6PDH-deficient cells to cope with superoxide
toxicity results from glutathione depletion under NADPH deficit. Subsequently, superoxide and its
derivatives, hydroperoxyl radical, hydrogen peroxide, and peroxinitrite oxidize many functional
molecules in the cell, leading to its death. However, erythrocyte hemolysis may have also other causes,
including those that anticipate the role of G6PDH in iron-sulfur cluster assembly. Particularly,
ferrochelatase which catalyzes the final step of heme synthesis is a Fe/S-containing enzyme can be one
of the potential candidates. Heme synthesis requires also involvement of other Fe/S-containing proteins
such as ferredoxins [63]. Also, heme biosynthesis is a NADPH-consuming process [31]. Opposing to
this concept, would be the fact that GR deficiency is characterized by similar symptoms that G6PDH
deficiency [24]. However, it was recently found that glutathione plays an important role in Fe/S cluster
biogenesis [27, 38].
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Fig. 2. Roles of NADPH in iron-sulfur cluster biogenesis.

Other reasons for hemolytic anemia at GOPDH deficiency can be related to involvement of NADPH
in protection of erythrocyte membranes, particularly unsaturated fatty acids, against free radical attack
resulting in lipid peroxidation, and/or its involvement in maintaining of correct redox state of Fe?* in
hemoglobin.

3. ANTIOXIDANT AND PROOXIDANT ROLES OF G6PDH

As it was mentioned above, G6PDH is considered to be an enzyme closely related to antioxidant
defense. The connection of G6PDH with antioxidant system is via NADPH which is further used for
thiol reduction. However, it was highlighted above that thiols may equally be important for both,
antioxidant defense and Fe/S repair. Thus, it is still difficult to distinguish between the antioxidant roles
of G6PDH in either detoxification of peroxides, including hydrogen peroxide, by glutathione- or
thioredoxin peroxidases, or in repair of cellular damage caused by reactive oxygen species (ROS).
Indeed, impairment of Fe/S clusters may operate as prooxidants. Particularly, certain antioxidant
enzymes, like catalase, contain heme and tightly bound NADPH (Fig. 3). As it was shown above, Fe/S-
containing proteins, ferrochelatase and ferredoxins, are required for heme biosynthesis. Numerous
Fe/S-containing proteins are involved in cellular energy metabolism. These proteins are in complexes I
(NADH-ubiquinone oxidoreductase), II (succinate dehydrogenase), and III (ubiquinol-cytochrome c
oxidoreductase) of mitochondrial respiratory chain as well as cytosolic and mitochondrial aconitases.
Inhibition of mitochondrial respiratory complexes and aconitase may lead to increased intracellular
ROS production by the respiratory chain. For instance, this increase in ROS production is obsered in
case of mutations in gene BCSIL. This gene encodes an AAA family ATP-ase which is responsible for
insertion of Rieske Fe/S center into the complex III [47]. Production of ROS can also be enhanced via
disturbances in iron homeostasis since iron is a reactant in Fenton reaction, in which hydroxyl radical is
formed from hydrogen peroxide [14, 39]. Interestingly, Fe/S clusters of the complex I themselves are
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sites of ROS production [44]. Inhibition of aconitase may also prevent ROS-induced damage to a certain
extent via blocking of citrate conversion and citrate accumulation. Citrate is itself an iron chelator and
may show antioxidant properties [53], although citrate-iron complexes rather promote than hinder
oxidative damage in many cases [73]. The complexity of the situation may be even higher if to take into
account that NADPH is also used for the transport of iron and copper [20, 80], metals that present in
active centers of antioxidant enzymes, catalase and SOD, respectively. The transport of these metals
includes subsequent steps of reduction, oxidation, and permeation. The reduction step is mediated by
NADPH-dependent enzymes ferric and copper reductases (Steap1-4 proteins in humans and Frel-8p in
budding yeast) [20, 80].
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Fig. 3. Significance of iron-sulfur clusters for antioxidant defense. Antioxidant enzymes are underlined.

On the other hand, G6PDH may have also prooxidant role. In multicellular eukaryotes, NADPH is
also used for superoxide production by NADPH oxidases [18]. Superoxide and its derivatives,
including peroxynitrite, are used by immune cells to kill bacteria or eukaryotic parasites. Thus, GGPDH
is an important enzyme for immune defense. Moreover, severe G6PDH deficiency was found to be
accompanied by chronic granulomatous disease [2]. In some cases, deficiency of G6PDH and related
decrease in superoxide production may confer certain advantages. For instance, apolipoprotein E-
deficient mice with simultaneous lack of G6PDH showed less atherosclerotic lesions of aorta under
high-fat feeding [45]. Interestingly, up-regulation of G6PDH accompanies cell proliferation, and
consequently tumor formation [74]. Therefore, G6PDH activity should be strictly regulated in
multicellular organisms.

4. REGULATION OF G6PDH ACTIVITY

The activity of G6PDH is mainly regulated at transcription level. Upstream region of the gene zwf
that codes G6PDH in E. coli contains “soxbox”, or SoxS-binding sequence
AATCGACGGGTGGATAAGCGTT serving for regulation of zwf expression by superoxide via SoxRS
system [79]. It is also known that G6PDH is regulated by the MarA transcription factor, which is
responsible for bacterial resistance to multiple antibiotics [22]. In unicellular S. cerevisiae, expression of
the ZWF1 gene coding for G6PDH is shown to be regulated by the Yaplp transcription factor [32, 58]. It
was also shown that G6PDH can be involved in high sugar stress tolerance by unknown
mechanism [10]. In multicellular eukaryotes, expression of the gene coding for G6PDH is likely
regulated in multiple ways because G6PDH is responsible for antioxidant defense and lipogenesis. The
model of G6PDH regulation at the level of gene expression was proposed by Kletzien and
colleagues [25]. It takes into account promoter regions via which the G6PDH expression can be
controlled by insulin, polyunsaturated fatty acids, monasaccharides and glycerol. The analysis
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performed by these authors revealed tissue-specific mode of G6PDH regulation by insulin and
glucocorticoids, and epidermal growth factor via AP-1 (activator protein 1, heterodimer of
protooncogens c-Jun and c-Fos) sites. The promoter of human G6PDH gene contains E-box (for binding
regulatory proteins with basic helix-loop-helix motif), sterol regulatory element (SRE), and SRE-like
sequence [3]. Additionally, Spl site was also found in the promoter of human gene encoding
G6PDH [55]. The expression of G6PDH was found to be strongly up-regulated by sterol regulatory
element binding protein 1a (SREBP-1a) and to the lesser extent — by SREBP-1c and SREBP-2 [3, 4]. The
presence of E-box implies also regulation by carbohydrate response element binding protein (ChREBP).
In turn, SREBPs and ChREBP are themselves activated via insulin signaling pathway [8]. Moreover,
G6PDH demonstrated high activity in cancer cells due to upregulation via phosphatidylinositol-3-
kinase (PI3K) along with other pro-oncogenic signaling proteins such as mTORC1 (mammalian target-
of-rapamycin complex 1), K-ras (small GTPase), ATM (ataxia-telangiectasia mutated kinase), and
protein kinase A. At the same time, anti-tumor proteins, transcription factor p53, protein phosphatase
PTEN (phosphatase and tensin homolog), AMP-dependent protein kinase, and second messenger
molecules, like cyclic AMP, regulate G6PDH activity negatively [23, 67]. Oxidative stress may induce
G6PDH at transcriptional level via nuclear factor-erythroid 2-related factor-2 (Nrf2) [23, 67]. Indeed,
antioxidant responsive element (ARE), the sequence ATGACACAGCA, was detected in the promoter
of G6PDH gene [46]. This regulation has several more interesting links related to the noted above
regulatory pathways. Particularly, Nrf2 is recognized as potentially pro-oncogenic regulatory
protein [46, 64]. The activity of this transcription factor was revealed to be modulated by pro-oncogenic
proteins like PI3K and downstream kinase Akt (protein kinase B) [46, 64]. On the other hand, Nrf2
could be involved in regulation of metal homeostasis as it binds to AREs of genes coding for ferritin L
and metallothionein-1 as well as number of genes encoding antioxidant enzymes [7, 77].

Polyunsaturated fatty acids, such as arachidonic acid, can affect expression of G6PDH at
posttranscriptional level via complex mechanism related to pre-mRNA splicing [55]. Arachidonic acid
acted by multiple ways preventing induction of G6PDH expression by insulin and high carbohydrate
diet. Particularly, arachidonic acid blocks insulin pathway by inhibition of PI3K, while activates kinase
p38 [71]. Further, this polyunsaturated fatty acid was shown to decrease phosphorylation of serine-
arginine-rich proteins, specifically SRSF3, which regulate pre-mRNA splicing by binding to exonic
splicing enchancer sites [75]. At the same time, insulin increased phosphorylation of SRSF3 and
resulted in correct splicing of GoGPDH mRNA. Human gene coding for G6PDH consists of 13 exons. In
case of incorrect splicing due to inhibition of SRSF3 binding, introns flanking the exon 12 are
retained [75]. This posttranscriptional regulation comprises also splicing silencers, particularly,
heterogeneous nuclear ribonucleoproteins (hnRNPs) K, L and A2/B1 which bind to the regulatory sites
in G6PDH pre-mRNA near exon 12 in the starved state and dissociate during refeeding [17]. Recently,
this mechanism was specified, and protein phoshatase PTEN, an anti-tumor protein which negatively
regulates insulin signaling, was introduced to the scheme [19]. Protein phosphatase PTEN was shown
to interact with hnRNP K, activating it, thus impeding correct splicing and lowering G6PDH activity.
Simultaneously, PTEN activates glycogen synthase kinase 38 (GSK-38) by dephosphorylation. This
kinase phosphorylates, in turn, the co-activator of Akt kinase, the Tcll protein. This protein, known as
an inducer of insulin signaling, interacts with hnRNP K, but inhibiting it, hence increasing G6PDH
expression. The details of this regulation are shown on the figure Fig. 4. Such complex mechanism
underlies hepatocancerogenesis [19] caused by disorders of insulin signaling pathway, and is also
important in healthy tissue for relatively rapid response to refeeding after starvation [4].

There are many ways of G6PDH activity regulation at posttranslational level. It was found that
G6PDH was allosterically regulated by NADPH/NADP* ratio [56, 67] and sterols [59, 67]. In cold-
blooded animals, GGPDH was shown to be reversibly phosphorylated/dephosphorylated [70]. These
posttranslational changes to G6PDH were observed in anoxia-tolerant animals like marine mollusk
Littorina littorea and crayfish Orconectes virilis [29, 30], and animals with hypometabolic stages [9, 54]. In
these animals, G6PDH is phosphorylated mainly by protein kinase G, and additionally by protein
kinases A, calmodulin-dependent and AMP-activated protein kinases [9, 29, 30, 54]. The enzyme is
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dephosphorylated by protein phosphatases 1 and 2C [29]. Here, G6PDH is likely a part of adaptive
mechanism for prevention of oxidative damage caused by re-oxygenation after prolonged anoxia.
Phosphorylated G6PDH was shown to be more active in comparison with dephosphorylated one.
During anoxia and aestivation, G6PDH is phosphorylated, what results in changes in substrate
affinities [9, 29, 30, 54] and enzyme activation.
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Fig. 4. Scheme of G6PDH expression regulation at transcription and posttranscription levels.

Strong oxidative stress may lead to irreversible oxidation of GoPDH resulted in its inactivation. For
instance, G6PDH was inactivated during growth of catalase-deficient yeast on ethanol, a non-
fermentable carbon source [41]. It was shown in this and other cases that G6PDH activity positively
correlated with catalase activity, suggesting potential G6PDH protection against oxidation by
catalase [5, 37]. However, there could also be other explanation for the link between G6PDH and
catalase. Particularly, G6PDH and catalase activities also positively correlated in Drosophila
melanogaster, although in this instance organism was not subjected to a strong oxidative stress [37].
Thus, activities of both enzymes are higher in fruit fly males as compared with females, and they both
are higher on high carbohydrate diets as compared with low carbohydrate ones [37]. Both enzymes are
involved in metabolism of fatty acids: catalase operates in peroxisomes during breakdown of very-
long-chain fatty acids to decompose H20: produced as side product, while the reaction catalyzed by
G6PDH produces NADPH for fatty acid biosynthesis and reduction of oxidized glutathione. At the
same time, G6PDH is inhibited by certain fatty acids (e.g., arachidonic acid) at posttranscriptional
level [55]. Low carbohydrate diet results in a less active lipid biosynthesis, a lesser accumulation of
lipids and lesser fatty acid oxidation in peroxisomes. It may subsequently lead to expression lowering
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of both, catalase and G6PDH at transcriptional level via factors responsible for lipid biosynthesis and
fatty acid oxidation, or at posttranscriptional level by free fatty acids.

5. CONCLUSIONS AND PERSPECTIVES

It is now obvious that G6PDH is an important enzyme for supplying cells with NADPH. As a
regulatory step of pentose phosphate pathway, G6PDH controls ribonucleotide biosynthesis (since
ribose-5-phosphate is formed in this pathway). In bacteria, G6PDH and 6-phosphogluconate
dehydrogenase reactions are the main NADPH sources, while eukaryotes possess a battery of other
enzymes which may substitute for GoPDH: malic enzyme, NADP-dependent isocitrate and malate
dehydrogenases, aldehyde dehydrogenases, transhydrogenase and others. The importance of these
NADP-reducing enzymes, including G6PDH, is defined by NADPH roles in cells. These roles are thiol-
reduction and direct, and indirect (thiol-mediated) participation in Fe/S cluster biogenesis and heme
synthesis, fatty acid and sterol biosyntheses, metal transport and sulfur metabolism. Also, NADPH is
involved in many other assimilatory pathways. These roles for NADPH, especially reduction of low
and high molecular mass thiols, which detoxify ROS and mediate repair under oxidative stress,
characterize G6PDH as an enzyme related to antioxidant defense. However, NADPH is also used by
NADPH-oxidases, ROS-producing enzymes, which are essential for immune defense.

Mutations in G6PDH cause sensitivity of E. coli to oxidative and related stresses [18, 57]. In the yeast
S. cerevisiae, such mutations result in lysine and methionine auxotrophies, and in disability to grow on
non-fermentable carbon sources [66]. In humans, G6PDH is characterized by hemolytic anemia under
certain conditions and can be accompanied by chronic granulomatous disease [2, 6]. Over-expression of
G6PDH in Drosophila prolongs lifespan [33], while in humans such over-expression can be deleterious
and favor carcinogenesis [28, 52, 76]. Abnormalities in regulation of G6PDH activity may lead to
increased lipid biosynthesis and obesity [51, 52]. These peculiarities suggest very strict regulation of
G6PDH activity. Indeed, G6PDH is an example of housekeeping enzyme which is regulated by
multiple ways from transcription of corresponding gene to posttranscriptional and posttranslational
levels. These multiple ways of regulation provide very precise response of G6PDH activity to different
stimuli. This is also natural in view of simultaneously beneficial and adverse roles of G6PDH for cell
and organism survival.

From the time of its discovery, G6PDH structure, functions, and regulation in different organisms
were extensively investigated. Today, this enzyme is one of the most studied ones. The reaction
catalyzed by G6PDH, its substrates, coenzymes and products, as well as regulation, serve as a model of
complex metabolic integration, as we see how many other reactions it affects. Presence of G6PDH in all
taxa, makes this enzyme also a good example for studying the evolution of metabolic integration and
metabolic pathways [69]. These aspects are just starting to be investigated and require combined
approach, involving contemporary methods of biochemistry, molecular and systems biology. The
G6PDH reaction is also an example for tissue-specificity of metabolic pathways and their role in
providing specific cell functions. In this context, current knowledge on G6PDH has gaps in
understanding of complex picture for regulation of its activity and integration with multiple processes
in cells. Further studies should be devoted to untangling intertwining between reaction catalyzed by
G6PDH and other metabolic pathways, including multiple feedback regulation loops and complex
signaling cascades.
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T'ocrtoaapros A.B. Maao aocaigxeHi poai raioko3o-6-dpocdaraerigporenasu. XKyprar Ipukapnamcokozo
ynisepcumemy imeri Bacuas Cmedanuxa, 2 (1) (2015), 25-37.

Orasg posrasgjgae IeBHI acrieKTM peakiiil, sKy Karadisye Trai0ko3o-6-gpocdartaerigporeHasa
(I'6DAT’), y >xuBuX opraHi3mis ycix TakCoHiB: Big OaxTepiit 40 ar0ayHN. OcoOAMBIIT HAr0A0C 3p00.A€HO
Ha poai I'6@AI' y romeocrasi 3aaiza Ta aimoreHesi. TakoX BMCBiTAeHI IIPOOKCMAaHTHa Ta
aHToKcAaHTHa poai '6P AT i gexiabka BigoMuX Ha AaHUit 9yac MexaHiaMiB peryasii T6PAT.

Kaio4oBi caoBa: raiokoso-6-¢pocdargeriaporenaza, HAADH, cynepokcng, tioa, 3aaizo-cipyani
KAacTepy, TAyTaTioH.



