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Application 
This rapid and simple specific enzymatic method is used for the simultaneous determination of sucrose, D-fructose and D-glucose in foodstuffs, 
pharmaceuticals, cosmetics and biological samples. 

Introduction 
Sucrose, D-fructose and D-glucose occur widely in plant organisms. In foods, they occur mainly in honey, wine and beer, and a range of solid 
foodstuffs such as bread and pastries, chocolate and candies. In the wine industry, the addition of sucrose is only allowed in few situations, such 
as champagne production. 

Principle  

 

 
The D-glucose concentration is determined before and after hydrolysis of sucrose by β-fructosidase. The sucrose content is calculated form the 
difference in D-glucose concentrations before and after hydrolysis by β-fructosidase. The D-fructose content in the sample is determined 
succeeding to the determination of D-glucose, after isomerization by phosphoglucose isomerase (PGI). 

The amount of NADPH formed through the combined action of hexokinase (HK), phosphoglucose isomerase (PGI) and glucose-6-P 
dehydrogenase (G6PDH), measured at 340 nm, is stoichiometric with the amount of D-fructose, D-glucose and sucrose in sample volume. 

Specificity 
This method is specific for D-fructose and D-glucose. Since β-fructosidase also hydrolyses low molecular weight fructans (e.g. kestose) this 
method, as all others, is not totally specific for sucrose. Some indication of the presence of fructo-oligosaccharides will be given by the ratio of 
D-glucose to D-fructose in the determination after hydrolysis by β-fructosidase. Deviation from 1:1 (increasing proportion of D-fructose) would 
indicate the presence of fructan. This can be tested by measurement of D-fructose in the “sucrose sample” subsequent to the determination of 
total D-glucose. Sufficient PGI is provided in the kit to allow this further analysis, if desired. 

Sensitivity and detection limit 
The sensitivity of the assay is based on 0.010 AU and a sample volume of 1.00 mL. This corresponds to a D-fructose and D-glucose concentration 
of 0.68 mg/L sample solution when measured at 340 nm. The detection limit of 1.38 mg/L is derived from the absorbance difference of 0.020 
(340 nm) and a maximum sample volume of 1.00 mL. 

Catalogue number Presentation 
AK00201 100 tests of each 
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Condições de ensaio UV (Nzytech, AK00201)

Ø Comprimento de onda (l) de leitura: 340 nm
Ø Temperatura ≈ 250C
Ø Volume de amostra diluída: 0,010 mL
Ø Diluição da amostra: 1 para 400
Ø Volume final: 0,242 mL D-glucose; 0,244 mL D-frutose
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Tabela 1. Sequência de ensaios a realizar para a quantificação de sacarose, D-glucose e D-frutose, de cada amostra 
 

Procedimento sequencial Sacarose Glucose e Frutose 
As soluções e amostras são mantidas a 
4oC. Agitar e aquecer cada solução, com 
as mãos, antes de pipetar.  

Branco 
(célula A1) 

Amostra 
(célula A2) 

Branco 
(célula A3) 

Amostra 
(célula A4) 

Solução 6 +7 
tampão pH 4,6 + b-fructosidase 20 µL 20 µL --- --- 

Amostra diluída --- 10 µL --- 10 µL 
Água destilada 200 µL 190 µL 220 µL 210 µL 

Mix 
Manter a ≈25oC durante 5 min 

O tempo pode ser ultrapassado 
     
Solução 1 
tampão pH 7.6 10 µL 10 µL 10 µL 10 µL 

Solução 2 
NADP+ + ATP 10 µL 10 µL 10 µL 10 µL 

Mix 
Manter a ≈25oC durante 5 min 

O tempo pode ser ultrapassado 
Ler a absorvância a 340 nm (A1) 

Suspensão 3 
Hexocinase + Glucose-6-P 
Desidrogenase (G6PDH) 

2 µL 2 µL 2 µL 2 µL 

Mix 
Manter a ≈25oC durante 10 min 
Ler a absorvância a 340 nm (A2) 
Repetir a leitura, se necessário  

 
D-Glucose (resultante da hidrólise da 

sacarose + existente no sumo) + Hexocinase 
+ ATP à Glucose-6-P + ADP 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

 
D-Glucose (existente no sumo) + 

Hexocinase + ATP à 
Glucose-6-P + ADP 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

Cálculos 

 
DAbs branco S (cel. 1) = A2 – A1 
DAbs amostra S (cel. 2) = A2 – A1 

 
DAbs D-Glucose Total = DAbs amostra 

sac. - DAbs branco S 

 
DAbs branco G (cel. 1) = A2 – A1 
DAbs amostra G (cel. 2) = A2 – A1 

 
DAbs D-Glucose = DAbs amostra G 

- DAbs branco G 
 

DA Sacarose = DAbs D-Glucose Total - DAbs D-Glucose 
 

Suspensão 4 
Fosfoglucose isomerase (PGI) --- --- 2 µL 2 µL 

Mix 
Manter a ≈25oC durante 10 min 
Ler a absorvância a 340 nm 
Repetir a leitura, se necessário 

  

 
Frutose-6-Fosfato (existente no sumo) 

+ PGI à Glucose-6-P 
 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

 

Cálculos 

 

DAbs branco F (cel. 1) = A3 – A2 
DAbs amostra F (cel. 2) = A3 – A2 

 
DAbs D-Frutose = DAbs amostra F - 

DAbs branco F 
[D-Glucose] g/L = 0,6920 x DAbs D-Glucose  

 
[D-Sacarose] g/L = 1,315 x DAbs Sacarose  

 

[D-Frutose] g/L = 0,6978 x DAbs D-Frutose  
 
 
 

2. Quantificação de sacarose/ D-glucose/ D-frutose, método UV (cont.)
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Tabela 1. Sequência de ensaios a realizar para a quantificação de sacarose, D-glucose e D-frutose, de cada amostra 
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Amostra diluída --- 10 µL --- 10 µL 
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Mix 
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O tempo pode ser ultrapassado 
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Mix 
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O tempo pode ser ultrapassado 
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Desidrogenase (G6PDH) 

2 µL 2 µL 2 µL 2 µL 

Mix 
Manter a ≈25oC durante 10 min 
Ler a absorvância a 340 nm (A2) 
Repetir a leitura, se necessário  

 
D-Glucose (resultante da hidrólise da 

sacarose + existente no sumo) + Hexocinase 
+ ATP à Glucose-6-P + ADP 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

 
D-Glucose (existente no sumo) + 

Hexocinase + ATP à 
Glucose-6-P + ADP 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

Cálculos 

 
DAbs branco S (cel. 1) = A2 – A1 
DAbs amostra S (cel. 2) = A2 – A1 

 
DAbs D-Glucose Total = DAbs amostra 

sac. - DAbs branco S 

 
DAbs branco G (cel. 1) = A2 – A1 
DAbs amostra G (cel. 2) = A2 – A1 

 
DAbs D-Glucose = DAbs amostra G 

- DAbs branco G 
 

DA Sacarose = DAbs D-Glucose Total - DAbs D-Glucose 
 

Suspensão 4 
Fosfoglucose isomerase (PGI) --- --- 2 µL 2 µL 

Mix 
Manter a ≈25oC durante 10 min 
Ler a absorvância a 340 nm 
Repetir a leitura, se necessário 

  

 
Frutose-6-Fosfato (existente no sumo) 

+ PGI à Glucose-6-P 
 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

 

Cálculos 

 

DAbs branco F (cel. 1) = A3 – A2 
DAbs amostra F (cel. 2) = A3 – A2 

 
DAbs D-Frutose = DAbs amostra F - 

DAbs branco F 
[D-Glucose] g/L = 0,6920 x DAbs D-Glucose  

 
[D-Sacarose] g/L = 1,315 x DAbs Sacarose  

 

[D-Frutose] g/L = 0,6978 x DAbs D-Frutose  
 
 
 

2. Quantificação de sacarose/ D-glucose/ D-frutose, método UV (cont.)
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tampão pH 4,6 + b-fructosidase 20 µL 20 µL --- --- 

Amostra diluída --- 10 µL --- 10 µL 
Água destilada 200 µL 190 µL 220 µL 210 µL 

Mix 
Manter a ≈25oC durante 5 min 

O tempo pode ser ultrapassado 
     
Solução 1 
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Mix 
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D-Glucose (resultante da hidrólise da 

sacarose + existente no sumo) + Hexocinase 
+ ATP à Glucose-6-P + ADP 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

 
D-Glucose (existente no sumo) + 

Hexocinase + ATP à 
Glucose-6-P + ADP 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

Cálculos 

 
DAbs branco S (cel. 1) = A2 – A1 
DAbs amostra S (cel. 2) = A2 – A1 

 
DAbs D-Glucose Total = DAbs amostra 

sac. - DAbs branco S 

 
DAbs branco G (cel. 1) = A2 – A1 
DAbs amostra G (cel. 2) = A2 – A1 

 
DAbs D-Glucose = DAbs amostra G 

- DAbs branco G 
 

DA Sacarose = DAbs D-Glucose Total - DAbs D-Glucose 
 

Suspensão 4 
Fosfoglucose isomerase (PGI) --- --- 2 µL 2 µL 

Mix 
Manter a ≈25oC durante 10 min 
Ler a absorvância a 340 nm 
Repetir a leitura, se necessário 

  

 
Frutose-6-Fosfato (existente no sumo) 

+ PGI à Glucose-6-P 
 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

 

Cálculos 

 

DAbs branco F (cel. 1) = A3 – A2 
DAbs amostra F (cel. 2) = A3 – A2 

 
DAbs D-Frutose = DAbs amostra F - 

DAbs branco F 
[D-Glucose] g/L = 0,6920 x DAbs D-Glucose  

 
[D-Sacarose] g/L = 1,315 x DAbs Sacarose  

 

[D-Frutose] g/L = 0,6978 x DAbs D-Frutose  
 
 
 3. Cálculos e discussão dos resultados

2. Quantificação de sacarose/ D-glucose/ D-frutose, método UV (cont.)

Qual o conteúdo de sacarose, D-glucose e D-frutose em 100 mL de uvas.

Acha expectável que o total de açúcares solúveis (sacarose, glucose e frutose) existente nas 

uvas obtidas de videiras inoculadas e não inoculadas seja significativamente diferente? 

E a razão glucose/frutose? Espera que a razão [(glucose + frutose) / sacarose] seja idêntica 

nas uvas obtidas de videiras inoculadas e não inoculadas? 

Justifique as suas respostas
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Problema
Determine o conteúdo de sacarose, D-glucose D-frutose existente em 100 mL de 
amostra diluída, com base nos valores de absorvância (340 nm) apresentados 
abaixo.

1 2 3 4

A 0,280 0,282 0,278 0,280

D 0,283 0,283 0,278 0,284

C 0,279 0,280 0,281 0,283

1 2 3 4

A 0,290 1,192 0,288 1,089

D 0,293 1,189 0,284 1,084

C 0,289 1,180 0,288 1,083

1 2 3 4

A 0,290 1,192 0,288 1,789

D 0,293 1,189 0,286 1,774

C 0,289 1,180 0,288 1,783

Leitura Abs1

Leitura Abs 2 Leitura Abs 3

Metabolismo Energético  3º ano Biologia, Ciências ULisboa 

Anabela Bernardes da Silva & Bernardo Duarte  2024/2025 

DOSEAMENTO DE SACAROSE, D-GLUCOSE, E D-FRUTOSE DE UVAS  
 

Nota prévia: Após homogeneização total dos bagos de uvas e centrifugação para sedimentação dos 
detritos celulares, o sobrenadante foi recolhido e mantido a -80oC. Durante os ensaios deve ser sempre 
mantido a 4oC, no gelo. 
 
1. Determinação do teor em sólidos solúveis (ºBrix) de sumo de uvas 

• Calibrar o refractómetro com água destilada. 
• Limpar com papel absorvente. 
• Retirar algumas gotas da amostra (0,1 a 0,2 mL) e ler o valor do ºBrix em triplicado. 
• Lavar a célula de leitura com água destilada. 
• Limpar com papel absorvente. 
• Repetir de modo idêntico a leitura de outras amostras, caso seja necessário. 
• Calcular a % de açúcares solúveis por 100 mL de amostra, assumindo que a refracção da luz é 

devida essencialmente aos açúcares solúveis e que em soluções aquosas 100 g equivalem a 100 
mL dado que a densidade da água é 1 g.mL-1. 
 
Qual o teor total em sólidos solúveis (ºBrix) existentes no sumo de uvas? 
1 ºBrix = 1 g de açucar por 100 g de solução 

 
 
2. Quantificação da glucose, frutose e sacarose por métodos enzimáticos (kit Nzytech, AK0020) 
 
Sabendo os limites de deteção do método (0,1-1,5 g/L) e o Brix da amostra (obtido no ponto 1), calcule 
uma diluição adequada para obter ≈ 0,6 g/L de açúcares solúveis na amostra. 
Indique os cálculos.  
 
 
 
 
Proceda à diluição, utilizando uma pipeta automática e um balão volumétrico adequados para perfazer o 
volume final pretendido. Agite por inversão. Recolha ≈ 1 mL para um microtubo Eppendorf. 
 
Numa microplaca proceda aos ensaios para a quantificação da sacarose, D-glucose e D-frutose de uma 
dada amostra diluída de sumo de uva, de acordo com a tabela 1. Repare que são necessários 4 ensaios 
para cada amostra (células 1-4) e que cada amostra é quantificada em triplicado (réplicas técnicas, células 
A-C), perfazendo um total de 12 ensaios (Figura 1). 

 
 1 2 3 4 5 6 7 8 9 10 11 12 

A Suc 
Blank 

Suc 
Sample 

F+G 
Blank 

F+G 
Sample         

B Suc 
Blank 

Suc 
Sample 

F+G 
Blank 

F+G 
Sample         

C Suc 
Blank 

Suc 
Sample 

F+G 
Blank 

F+G 
Sample         

D             

E             

F             

G             

H             

 
Figura 1. Representação esquemática dos ensaios realizados para cada amostra de sumo de uva diluído. 
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Energia no sangue

Os eritrócitos necessitam 

de energia para que 

funções celulares? 

Os eritrócitos necessitam de energia para manter uma série de funções celulares 

vitais, que incluem:

(1) manutenção da glicólise; 

(2) manutenção do gradiente eletrolíBco entre o plasma e o citoplasma eritrocitário 

através da aBvidade de bombas de membrana acionadas por trifosfato de 

adenosina (ATP); 

(3) síntese de glutaBona e outros metabolitos; 

(4) metabolismo da purina e pirimidina; 

(5) manutenção do ferro da hemoglobina no seu estado funcional, reduzido e ferroso; 

(6) proteção das enzimas metabólicas, hemoglobina e proteínas de membrana contra         

a desnaturação oxidaBva;  

(7) preservação da assimetria fosfolipídica da membrana.

Energia no sangue
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Energia do sangue

Na ausência de núcleo e 

mitocôndrias, como se 

forma energia nos 

eritrócitos?

By far the majority of red cell enzymopathies are hereditary in
nature, although acquired deficiencies have also been described,
mainly in malignant hematologic disorders.11

In this review, a summary is made of the major features
regarding the biochemical, structural, and genetic basis of clini-
cally relevant red blood cell enzymopathies involved in the
Embden-Meyerhof pathway and the Rapoport-Luebering shunt.

The Embden-Meyerhof pathway

Glucose is the energy source of the red blood cell. Under normal
physiologic circumstances (ie, no excessive oxidative stress), 90%
of glucose is catabolized anaerobically to pyruvate or lactate by the
Embden-Meyerhof pathway, or glycolysis (Figure 1). Although one
mole of ATP is used by HK, and an additional mole of ATP by
phosphofructokinase (PFK), the net gain is 2 moles of ATP per

mole of glucose, because a total of 4 moles of ATP are generated by
PGK and PK. In addition, reductive potential is generated in the
form of nicotinamide adenine dinucleotide (NADH) in the step
catalyzed by glyceraldehyde-3-phosphate dehydrogenase. This can
be used to reduce methemoglobin to hemoglobin by NADH-
cytochrome b5 reductase. If this reaction takes place, the end
product of the glycolysis is pyruvate. However, if NADH is not
reoxidized here, it is used in reducing pyruvate to lactate by lactate
dehydrogenase (LDH) in the last step of glycolysis.

The Embden-Meyerhof pathway is subjected to a complex
mechanism of inhibiting and stimulating factors. The overall
velocity of red blood cell glycolysis is regulated by 3 rate-limiting
enzymes, HK, PFK, and PK, and by the availability of NADH
and ATP. Some glycolytic enzymes are allosterically stimulated
(eg, fructose-1,6-bisphosphate [FBP] for PK) or inhibited (eg,
glucose-6-phosphate [G6P] for HK) by intermediate products of
the pathway.

Hexokinase

Hexokinase catalyzes the phosphorylation of glucose to G6P,
using ATP as a phosphoryl donor (Figure 1). As the initial step of
glycolysis, HK is one of the rate-limiting enzymes of this
pathway. The activity of hexokinase is significantly higher in
reticulocytes compared with mature red cells, in which it is very
low. In fact, of all glycolytic enzymes HK has the lowest
enzymatic activity in vitro.12

In mammalian tissues, 4 isozymes of HK with different
enzymatic properties exist: HK-I to -III, with a molecular mass of
100 kDa, and HK-IV (or glucokinase), with a molecular mass of 50
kDa. HK-I to -III are considered to be evolved from an ancestral 50
kDa HK by gene duplication and fusion.13 Consequently, both the
C- and N-terminal halves of HK-I to -III show extensive internal
sequence similarity but only in the case of HK-II is catalytic
function maintained in both the C- and N-terminal halves. HK-I
and HK-III have further evolved into enzymes with catalytic
(C-terminal) and regulatory (N-terminal) halves, respectively.
HK-I is the predominant isozyme in human tissues that depend
strongly on glucose utilization for their physiologic functioning,
such as brain, muscle, and erythrocytes. HK-I displays unique
regulatory properties in its sensitivity to inhibition by physi-
ologic levels of the product G6P and relief of this inhibition by
inorganic phosphate.14,15

The determination of the structures of the human (PDB entry
1DGK) and rat HK-I isozymes has provided substantial insight into
ligand binding sites and subsequent modes of interaction of these
ligands (Figure 2).16,17 The mode of inhibition by G6P remains
subject to debate.

Erythrocytes contain a specific subtype of HK (HK-R)18 that is
encoded by the HK-I gene (HK1), localized on chromosome 10q22
and spanning more than 100 kb. The structure of HK1 is complex.
It encompasses 25 exons, which, by tissue-specific transcription,
generate multiple transcripts by alternative use of the 5! exons.19

Erythroid-specific transcriptional control results in a unique red
blood cell–specific mRNA that differs from HK-I transcripts at the
5! untranslated region (5!-UTR) and at the first 63 nucleotides of
the coding region.20 Consequently, HK-R lacks the porin-binding
domain that mediates HK-I binding to mitochondria.21

Hexokinase deficiency (OMIM 235 700) is a rare autosomal,
recessively inherited disease with CNSHA as the predominant
clinical feature. As with most glycolytic red cell enzyme deficien-
cies, the severity of hemolysis is variable, ranging from severe
neonatal hemolysis and death to a fully compensated chronic

Figure 1. Schematic overview of the Embden-Meyerhof pathway and the
Rapoport-Luebering shunt. Illustration enhanced by A. V. Chen.
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By far the majority of red cell enzymopathies are hereditary in
nature, although acquired deficiencies have also been described,
mainly in malignant hematologic disorders.11

In this review, a summary is made of the major features
regarding the biochemical, structural, and genetic basis of clini-
cally relevant red blood cell enzymopathies involved in the
Embden-Meyerhof pathway and the Rapoport-Luebering shunt.

The Embden-Meyerhof pathway

Glucose is the energy source of the red blood cell. Under normal
physiologic circumstances (ie, no excessive oxidative stress), 90%
of glucose is catabolized anaerobically to pyruvate or lactate by the
Embden-Meyerhof pathway, or glycolysis (Figure 1). Although one
mole of ATP is used by HK, and an additional mole of ATP by
phosphofructokinase (PFK), the net gain is 2 moles of ATP per

mole of glucose, because a total of 4 moles of ATP are generated by
PGK and PK. In addition, reductive potential is generated in the
form of nicotinamide adenine dinucleotide (NADH) in the step
catalyzed by glyceraldehyde-3-phosphate dehydrogenase. This can
be used to reduce methemoglobin to hemoglobin by NADH-
cytochrome b5 reductase. If this reaction takes place, the end
product of the glycolysis is pyruvate. However, if NADH is not
reoxidized here, it is used in reducing pyruvate to lactate by lactate
dehydrogenase (LDH) in the last step of glycolysis.

The Embden-Meyerhof pathway is subjected to a complex
mechanism of inhibiting and stimulating factors. The overall
velocity of red blood cell glycolysis is regulated by 3 rate-limiting
enzymes, HK, PFK, and PK, and by the availability of NADH
and ATP. Some glycolytic enzymes are allosterically stimulated
(eg, fructose-1,6-bisphosphate [FBP] for PK) or inhibited (eg,
glucose-6-phosphate [G6P] for HK) by intermediate products of
the pathway.

Hexokinase

Hexokinase catalyzes the phosphorylation of glucose to G6P,
using ATP as a phosphoryl donor (Figure 1). As the initial step of
glycolysis, HK is one of the rate-limiting enzymes of this
pathway. The activity of hexokinase is significantly higher in
reticulocytes compared with mature red cells, in which it is very
low. In fact, of all glycolytic enzymes HK has the lowest
enzymatic activity in vitro.12

In mammalian tissues, 4 isozymes of HK with different
enzymatic properties exist: HK-I to -III, with a molecular mass of
100 kDa, and HK-IV (or glucokinase), with a molecular mass of 50
kDa. HK-I to -III are considered to be evolved from an ancestral 50
kDa HK by gene duplication and fusion.13 Consequently, both the
C- and N-terminal halves of HK-I to -III show extensive internal
sequence similarity but only in the case of HK-II is catalytic
function maintained in both the C- and N-terminal halves. HK-I
and HK-III have further evolved into enzymes with catalytic
(C-terminal) and regulatory (N-terminal) halves, respectively.
HK-I is the predominant isozyme in human tissues that depend
strongly on glucose utilization for their physiologic functioning,
such as brain, muscle, and erythrocytes. HK-I displays unique
regulatory properties in its sensitivity to inhibition by physi-
ologic levels of the product G6P and relief of this inhibition by
inorganic phosphate.14,15

The determination of the structures of the human (PDB entry
1DGK) and rat HK-I isozymes has provided substantial insight into
ligand binding sites and subsequent modes of interaction of these
ligands (Figure 2).16,17 The mode of inhibition by G6P remains
subject to debate.

Erythrocytes contain a specific subtype of HK (HK-R)18 that is
encoded by the HK-I gene (HK1), localized on chromosome 10q22
and spanning more than 100 kb. The structure of HK1 is complex.
It encompasses 25 exons, which, by tissue-specific transcription,
generate multiple transcripts by alternative use of the 5! exons.19

Erythroid-specific transcriptional control results in a unique red
blood cell–specific mRNA that differs from HK-I transcripts at the
5! untranslated region (5!-UTR) and at the first 63 nucleotides of
the coding region.20 Consequently, HK-R lacks the porin-binding
domain that mediates HK-I binding to mitochondria.21

Hexokinase deficiency (OMIM 235 700) is a rare autosomal,
recessively inherited disease with CNSHA as the predominant
clinical feature. As with most glycolytic red cell enzyme deficien-
cies, the severity of hemolysis is variable, ranging from severe
neonatal hemolysis and death to a fully compensated chronic

Figure 1. Schematic overview of the Embden-Meyerhof pathway and the
Rapoport-Luebering shunt. Illustration enhanced by A. V. Chen.
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Figure 1. Conversão anaeróbia de glicose pela via de Embden-Meyerhof para geração e armazenamento de ATP em 
eritrócitos, e o bypass glicolíFco exclusivo para a produção de 2,3-bifosfoglicerato (2,3-DPG), o shunt Rapoport-Luebering. 
Esse shunt contorna a etapa da fosfoglicerato cinase (PGK) e é responsável pela síntese e regulação dos níveis de 2,3-DPG 
que diminuem a afinidade da hemoglobina para o oxigênio. Além disso, o 2,3-DPG consFtui um tampão de energia.

van Wijk R, van Solinge WW. The energy-less red blood cell is lost: erythrocyte enzyme abnormalities of glycolysis. 
Blood. 2005 Dec 15;106(13):4034-42. doi: 10.1182/blood-2005-04-1622
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Valores por 100 g de parte edível

https://portfir-insa.min-saude.pt/ Atualizado em 05-05-2023
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A regulação do metabolismo da glicose das aves é similar à dos mamíferos, mas tem 

diferenças quantitativas; enquanto que a concentração de glicose em uma vaca é de 40 a 80 

mg/dL, uma galinha pode ter 130 a 270 mg/dL (Swenson e O’Reece, 1996). Alguns autores 

relatam que em aves sadias os níveis de glicose podem variar entre 200 a 500 mg/dL e de 

acordo com o ritmo circadiano, até 800 mg/dL em colibris (Schmidt et al., 2007). Na tabela 9 

mostram-se os níveis de glicose para diferentes espécies de aves. 

 

 
Tabela 9: Níveis de glicose (mg/dL) em algumas espécies de aves. 

Avestruz Falcão Pombo Papagaio cinza Cacatua Arara Galinha 
 

187,2-246,6 
 

297-396 
 

232,2-369 
 

205,2-289 
 

230,4-316,8 
 

216-322,2 
 

130-270 
 

 

Como nos mamíferos, o metabolismo da glicose nas aves é regulado pela insulina e pelo 

glucagon. O conteúdo de insulina no pâncreas dos pássaros granívoros é um sexto do valor nos 

mamíferos e o glucagon é 2 a 5 vezes maior. O glucagon plasmático é 10 a 50 vezes maior em 

aves do que em mamíferos. A insulina é sintetizada nas células β do pâncreas enquanto o 

glucagon é sintetizado nas células α (Lumeij, 1997; Kaneko et al., 1997) 

 

A hipoglicemia é observada quando os teores de glicose caem para menos que 200 

mg/dL e resulta de jejum prolongado, doença hepática severa, septicemia ou distúrbios 

endócrinos (Campbell, 2004). A demora na separação do soro ou plasma das células não 

diminui de forma significativa a concentração de glicose como nos mamíferos, pois os 

eritrócitos das aves utilizam ácidos graxos e não glicose para seu metabolismo (Campbell, 2004; 

Schmidt et al., 2007).  

 

Em frangos de corte jovens (duas semanas) ocasionalmente pode-se observar alta 

mortalidade com sinais nervosos. Estes casos na maioria das vezes estão relacionados com a 

doença conhecida como Síndrome do Incremento Súbito da Mortalidade Associada com 

Hipoglicemia (David, 2008). Em um relatório de caso acontecido em frangos de corte de 14 até 

16 dias de idade, as concentrações da glicose em sangue foram menores do que 150 mg/dL com 

níveis ate 30 mg/dL em algumas aves. Também se observou raquitismo em 50% das aves 

analisadas. As provas do isolamento viral e bacteriano foram negativas. Neste caso o problema 

se relacionou com possíveis erros no manejo da ração e restrição alimentar.  
 

Em seres humanos os valores de referência em glucose no sangue são 70 a 110 mg/dL

Energia do sangue

Valores de referência de 

glucose no sangue em 

várias espécies

Energia no sangue
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Doseamento de D-glucose

Ø Sabendo os limites de deteção do método e os valores de referência da 
amostra, calcule uma diluição adequada para proceder ao doseamento da 
D-glucose.

Ø Proceda à diluição, utilizando uma pipeta automática e um balão 
volumétrico adequados para perfazer o volume final pretendido. 

Ø Agite por inversão. 

Ø Recolha ≈ 1 mL para um microtubo Eppendorf.

2. Quantificação de D-glucose do sangue de galinha , método UV (cont.)

Ø Numa microplaca proceda aos ensaios para a quantificação da D-glucose de 
uma dada amostra de sangue diluída, em triplicado. 

Ø Efectue os cálculos 

Ø Analise e discuta os resultados obtidos
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2. Quantificação de D-glucose do sangue de galinha , método UV
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Doseamento de açúcares 

solúveis: 

✓ Brix (revisão)

✓ Método UV, enzimático

2. Quantificação de sacarose/ D-glucose/ D-frutose, método UV

 

 

 

 

 

 

Application 
This rapid and simple specific enzymatic method is used for the simultaneous determination of sucrose, D-fructose and D-glucose in foodstuffs, 
pharmaceuticals, cosmetics and biological samples. 

Introduction 
Sucrose, D-fructose and D-glucose occur widely in plant organisms. In foods, they occur mainly in honey, wine and beer, and a range of solid 
foodstuffs such as bread and pastries, chocolate and candies. In the wine industry, the addition of sucrose is only allowed in few situations, such 
as champagne production. 

Principle  

 

 
The D-glucose concentration is determined before and after hydrolysis of sucrose by β-fructosidase. The sucrose content is calculated form the 
difference in D-glucose concentrations before and after hydrolysis by β-fructosidase. The D-fructose content in the sample is determined 
succeeding to the determination of D-glucose, after isomerization by phosphoglucose isomerase (PGI). 

The amount of NADPH formed through the combined action of hexokinase (HK), phosphoglucose isomerase (PGI) and glucose-6-P 
dehydrogenase (G6PDH), measured at 340 nm, is stoichiometric with the amount of D-fructose, D-glucose and sucrose in sample volume. 

Specificity 
This method is specific for D-fructose and D-glucose. Since β-fructosidase also hydrolyses low molecular weight fructans (e.g. kestose) this 
method, as all others, is not totally specific for sucrose. Some indication of the presence of fructo-oligosaccharides will be given by the ratio of 
D-glucose to D-fructose in the determination after hydrolysis by β-fructosidase. Deviation from 1:1 (increasing proportion of D-fructose) would 
indicate the presence of fructan. This can be tested by measurement of D-fructose in the “sucrose sample” subsequent to the determination of 
total D-glucose. Sufficient PGI is provided in the kit to allow this further analysis, if desired. 

Sensitivity and detection limit 
The sensitivity of the assay is based on 0.010 AU and a sample volume of 1.00 mL. This corresponds to a D-fructose and D-glucose concentration 
of 0.68 mg/L sample solution when measured at 340 nm. The detection limit of 1.38 mg/L is derived from the absorbance difference of 0.020 
(340 nm) and a maximum sample volume of 1.00 mL. 

Catalogue number Presentation 
AK00201 100 tests of each 
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Condições de ensaio UV (Nzytech, AK00201)

➢ Comprimento de onda (l) de leitura: 340 nm
➢ Temperatura ≈ 250C
➢ Volume de amostra diluída: 0,010 mL
➢ Diluição da amostra: 1 para 400
➢ Volume final: 0,242 mL D-glucose; 0,244 mL D-frutose

Metabolismo 
Energético
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Tabela 1. Sequência de ensaios a realizar para a quantificação de sacarose, D-glucose e D-frutose, de cada amostra 
 

Procedimento sequencial Sacarose Glucose e Frutose 
As soluções e amostras são mantidas a 
4oC. Agitar e aquecer cada solução, com 
as mãos, antes de pipetar.  

Branco 
(célula A1) 

Amostra 
(célula A2) 

Branco 
(célula A3) 

Amostra 
(célula A4) 

Solução 6 +7 
tampão pH 4,6 + b-fructosidase 20 µL 20 µL --- --- 

Amostra diluída --- 10 µL --- 10 µL 
Água destilada 200 µL 190 µL 220 µL 210 µL 

Mix 
Manter a ≈25oC durante 5 min 

O tempo pode ser ultrapassado 
     
Solução 1 
tampão pH 7.6 10 µL 10 µL 10 µL 10 µL 

Solução 2 
NADP+ + ATP 10 µL 10 µL 10 µL 10 µL 

Mix 
Manter a ≈25oC durante 5 min 

O tempo pode ser ultrapassado 
Ler a absorvância a 340 nm (A1) 

Suspensão 3 
Hexocinase + Glucose-6-P 
Desidrogenase (G6PDH) 

2 µL 2 µL 2 µL 2 µL 

Mix 
Manter a ≈25oC durante 10 min 
Ler a absorvância a 340 nm (A2) 
Repetir a leitura, se necessário  

 
D-Glucose (resultante da hidrólise da 

sacarose + existente no sumo) + Hexocinase 
+ ATP à Glucose-6-P + ADP 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

 
D-Glucose (existente no sumo) + 

Hexocinase + ATP à 
Glucose-6-P + ADP 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

Cálculos 

 
DAbs branco S (cel. 1) = A2 – A1 
DAbs amostra S (cel. 2) = A2 – A1 

 
DAbs D-Glucose Total = DAbs amostra 

sac. - DAbs branco S 

 
DAbs branco G (cel. 1) = A2 – A1 
DAbs amostra G (cel. 2) = A2 – A1 

 
DAbs D-Glucose = DAbs amostra G 

- DAbs branco G 
 

DA Sacarose = DAbs D-Glucose Total - DAbs D-Glucose 
 

Suspensão 4 
Fosfoglucose isomerase (PGI) --- --- 2 µL 2 µL 

Mix 
Manter a ≈25oC durante 10 min 
Ler a absorvância a 340 nm 
Repetir a leitura, se necessário 

  

 
Frutose-6-Fosfato (existente no sumo) 

+ PGI à Glucose-6-P 
 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

 

Cálculos 

 

DAbs branco F (cel. 1) = A3 – A2 
DAbs amostra F (cel. 2) = A3 – A2 

 
DAbs D-Frutose = DAbs amostra F - 

DAbs branco F 
[D-Glucose] g/L = 0,6920 x DAbs D-Glucose  

 
[D-Sacarose] g/L = 1,315 x DAbs Sacarose  

 

[D-Frutose] g/L = 0,6978 x DAbs D-Frutose  
 
 
 

2. Quantificação de D-glucose do sangue de galinha , método UV
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Amostra 
(célula A2) 

Branco 
(célula A3) 

Amostra 
(célula A4) 

Solução 6 +7 
tampão pH 4,6 + b-fructosidase 20 µL 20 µL --- --- 

Amostra diluída --- 10 µL --- 10 µL 
Água destilada 200 µL 190 µL 220 µL 210 µL 

Mix 
Manter a ≈25oC durante 5 min 

O tempo pode ser ultrapassado 
     
Solução 1 
tampão pH 7.6 10 µL 10 µL 10 µL 10 µL 

Solução 2 
NADP+ + ATP 10 µL 10 µL 10 µL 10 µL 

Mix 
Manter a ≈25oC durante 5 min 

O tempo pode ser ultrapassado 
Ler a absorvância a 340 nm (A1) 

Suspensão 3 
Hexocinase + Glucose-6-P 
Desidrogenase (G6PDH) 

2 µL 2 µL 2 µL 2 µL 

Mix 
Manter a ≈25oC durante 10 min 
Ler a absorvância a 340 nm (A2) 
Repetir a leitura, se necessário  

 
D-Glucose (resultante da hidrólise da 

sacarose + existente no sumo) + Hexocinase 
+ ATP à Glucose-6-P + ADP 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

 
D-Glucose (existente no sumo) + 

Hexocinase + ATP à 
Glucose-6-P + ADP 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

Cálculos 

 
DAbs branco S (cel. 1) = A2 – A1 
DAbs amostra S (cel. 2) = A2 – A1 

 
DAbs D-Glucose Total = DAbs amostra 

sac. - DAbs branco S 

 
DAbs branco G (cel. 1) = A2 – A1 
DAbs amostra G (cel. 2) = A2 – A1 

 
DAbs D-Glucose = DAbs amostra G 

- DAbs branco G 
 

DA Sacarose = DAbs D-Glucose Total - DAbs D-Glucose 
 

Suspensão 4 
Fosfoglucose isomerase (PGI) --- --- 2 µL 2 µL 

Mix 
Manter a ≈25oC durante 10 min 
Ler a absorvância a 340 nm 
Repetir a leitura, se necessário 

  

 
Frutose-6-Fosfato (existente no sumo) 

+ PGI à Glucose-6-P 
 

Glucose-6-P + NADP+ + G6PDH à 
Gluconato-6-P + NADPH + H+ 

 

Cálculos 

 

DAbs branco F (cel. 1) = A3 – A2 
DAbs amostra F (cel. 2) = A3 – A2 

 
DAbs D-Frutose = DAbs amostra F - 

DAbs branco F 
[D-Glucose] g/L = 0,6920 x DAbs D-Glucose  

 
[D-Sacarose] g/L = 1,315 x DAbs Sacarose  

 

[D-Frutose] g/L = 0,6978 x DAbs D-Frutose  
 
 
 

2. Quantificação de D-glucose do sangue de galinha , método UV (cont.)
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D-Glucose HK, UV method 
Catalogue number: AK00031, 110 tests (manual) / 1100 tests (microplate) 

 

 

 

 

Application 
This rapid and simple specific enzymatic method is used for the 
determination of D-glucose in foodstuffs such as baking agents, diet 
beer and dietetic foods, as well as in pharmaceuticals, cosmetics 
and biological samples. The analysis of D-glucose in foodstuffs is 
normally performed in conjunction with D-fructose, maltose and 
sucrose (for further information on literature or analytical kits, 
please contact NZYTech). 

Introduction 
D-Glucose occurs widely in plants and animals. It is an essential 
component of carbohydrate metabolism and occurs frequently in 
the free form along with D-fructose and sucrose. However, the 
more important forms are those of di- (lactose, maltose, sucrose), 
tri-, oligo- and polysaccharides (dextrins, starch, cellulose). It is 
present in significant quantities in honey, wine and beer, and a 
range of solid foodstuffs such as bread and pastries, chocolate and 
candies. Measurement of D-glucose is extremely important in 
biochemistry and clinical analysis, as well as in food analysis; it is 
mostly determined along with other carbohydrates. 

Principle  

 
The amount of NADPH formed through the combined action of 
hexokinase (HK) and glucose-6-P dehydrogenase (G6PDH), 
measured at 340 nm, is stoichiometric with the amount of D-
glucose in sample volume. 

Specificity 
This method is specific for D-glucose since the hexokinase used has 
only glucokinase activity. 

Sensitivity and detection limit 
The sensitivity of the assay is based on 0.010 AU and a sample 
volume of 2.00 mL. This corresponds to a D-glucose concentration 
of 0.33 mg/L sample solution when measured at 340 nm. The 
detection limit of 0.66 mg/L is derived from the absorbance 
difference of 0.020 (340 nm) and a maximum sample volume of 
2.00 mL. 

 

Linearity and precision 
Linearity of the determination exists from 4 to 80 μg D-glucose per 
assay (v = 2.00 mL). In a double assay using one sample solution, a 
difference of 0.005 to 0.010 absorbance units may occur. With a 
sample volume of 2.00 mL, this corresponds to a D-glucose 
concentration of approx. 0.17 to 0.33 mg/L. The coefficient of 
variation is approx. 1 to 2 %. 

Kit composition 
Solution 1. Imidazole buffer (12.5 mL, 2 M, pH 7.6) plus MgCl2 (0.5 
M), MgCl2 (100 mM) and sodium azide (0.02 % w/v) as a 
preservative. Store at 2 °C to 8°C. 

Solution 2. NADP+ (150 mg) plus ATP (440 mg). Store at 2 °C to 8°C 
(Long term storage: -30 °C to -15 °C) 

Dissolve in 12 mL of distilled water, divide into appropriately sized 
aliquots and store in PP tubes at -30 °C to -15 °C between use and 
keep cool during use. 

Suspension 3. Hexokinase (EC 2.7.1.1; 425 U/mL) and glucose-6-P 
dehydrogenase (EC 1.1.1.49; 212 U/mL) in 3.2 M ammonium 
sulphate (2.25 mL). Store at 2 °C to 8°C. Swirl bottle before use. 

Solution 4. D-Glucose standard solution (6 mL, 0.40 mg/mL) in 
0.02% benzoic acid. This standard solution can be used when there 
is some doubt about the method accuracy. Store at 2 °C to 8°C. 

Safety 
Reagents that are used in the determination of D-glucose are not 
hazardous materials (see Hazardous Substances Regulations). 
However, the concentrated buffer contains sodium azide as a 
preservative. The general safety measures that apply to all chemical 
substances should be followed. 

Procedure (endpoint analysis)  
Wavelength: 340 nm 

Cuvette: 1 cm light path (glass or plastic) 

Temperature:  25 °C 

Final volume: 2.32 mL 

Sample solution: 4-80 μg of D-glucose per cuvette (in 0.10-2.00 mL 
sample volume) 

Read against air (without a cuvette in the light path) or against 
water 

D-Glucose + ATP                   Glucose-6-P (G6P) + ADP 

G6P + NADP+              D-Gluconate-6-P + NADPH + H+ 

HK 

  G6PDH 
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The energy-less red blood cell is lost: erythrocyte enzyme abnormalities
of glycolysis
Richard van Wijk and Wouter W. van Solinge

The red blood cell depends solely on the
anaerobic conversion of glucose by the
Embden-Meyerhof pathway for the gen-
eration and storage of high-energy phos-
phates, which is necessary for the mainte-
nance of a number of vital functions.
Many red blood cell enzymopathies have

been described that disturb the erythro-
cyte’s integrity, shorten its cellular sur-
vival, and result in hemolytic anemia. By
far the majority of these enzymopathies
are hereditary in nature. In this review, we
summarize the current knowledge regard-
ing the genetic, biochemical, and struc-

tural features of clinically relevant red
blood cell enzymopathies involved in the
Embden-Meyerhof pathway and the Rap-
oport-Luebering shunt. (Blood. 2005;106:
4034-4042)

© 2005 by The American Society of Hematology

Introduction

The moment the mature red blood cell leaves the bone marrow, it is
optimally adapted to perform the binding and transport of oxygen
and its delivery to all tissues. This is the most important task of the
erythrocyte during its estimated 120-day journey in the blood-
stream. The membrane, hemoglobin, and proteins involved in
metabolic pathways of the red blood cell interact to modulate
oxygen transport, protect hemoglobin from oxidant-induced dam-
age, and maintain the osmotic environment of the cell. The
biconcave shape of the red blood cell provides an optimal area
for respiratory exchange. The latter requires passage through
microcapillaries, which is achieved by a drastic modification of
its biconcave shape, made possible only by the loss of the
nucleus and cytoplasmic organelles and, consequently, the
ability to synthesize proteins.1

During their intravascular lifespan, erythrocytes require energy
to maintain a number of vital cell functions. These include (1)
maintenance of glycolysis; (2) maintenance of the electrolyte
gradient between plasma and red cell cytoplasm through the
activity of adenosine triphosphate (ATP)–driven membrane pumps;
(3) synthesis of glutathione and other metabolites; (4) purine and
pyrimidine metabolism; (5) maintenance of hemoglobin’s iron in
its functional, reduced, ferrous state; (6) protection of metabolic
enzymes, hemoglobin, and membrane proteins from oxidative
denaturation; and (7) preservation of membrane phospholipid
asymmetry. Because of the lack of nuclei and mitochondria, mature
red blood cells are incapable of generating energy via the (oxida-
tive) Krebs cycle. Instead, erythrocytes depend on the anaerobic
conversion of glucose by the Embden-Meyerhof pathway for the
generation and storage of high-energy phosphates (Figure 1).
Moreover, erythrocytes possess a unique glycolytic bypass for the
production of 2,3-bisphosphoglycerate (2,3-DPG), the Rapoport-
Luebering shunt. This shunt bypasses the phosphoglycerate kinase
(PGK) step and accounts for the synthesis and regulation of
2,3-DPG levels that decrease hemoglobin’s affinity for oxygen.2 In
addition, 2,3-DPG constitutes an energy buffer.

A number of red blood cell enzymopathies have been described
in the Embden-Meyerhof pathway.3-6 The lack of characteristic
changes in red blood cell morphology differentiates the glycolytic
enzymopathies from erythrocyte membrane defects and most
hemoglobinopathies. In general, red blood cell enzymopathies
cause chronic nonspherocytic hemolytic anemia (CNSHA), albeit
to a variable degree. The continous lack of sufficient energy and
other metabolic impairments results in a shortened lifespan of the
mature red blood cell.7,8 The degree of hemolysis is dependent on
the relative importance of the affected enzyme and the properties of
the mutant enzyme with regard to functional abnormalities or
instability, or both. The ability to compensate for the enzyme
deficiency by overexpressing isozymes or using alternative path-
ways contributes to the clinical picture of patients with red blood
cell enzymopathies. A physiologic response to compensate for
anemia caused by hemolysis is increased erythrocyte production:
reticulocytosis (reticulocytes normally comprise 0.5% to 2.5% of
total erythrocytes). Reticulocytes still preserve cytoplasmic or-
ganelles, including ribosomes and mitochondria, and are thus
capable of protein synthesis and the production of ATP by oxidative
phosphorylation. Several enzymes, including hexokinase (HK),
pyruvate kinase (PK), and aldolase, display much higher activity in
reticulocytes and are often referred to as the age-related enzymes.9

A number of red blood cell enzymopathies concern enzymes
expressed in other tissues as well. In general, the deficiency is more
pronounced in red blood cells when compared with other cells,
because of the long lifespan of the mature erythrocyte after the loss
of protein synthesis. Therefore, once an enzyme in red blood cells
is degraded or has otherwise become nonfunctional, it cannot be
replaced by newly synthesized proteins. In addition, tissue-to-
tissue differences in proteases may play a role in the extent to
which various tissues manifest the deficiency state.10 It may well be
that those mutant glycolytic enzymes that affect all tissues cause
prenatal mortality and are, therefore, never seen by clinicians. The
mutant enzymes that come to light are those in whom the
distribution of the deficiency is compatible with extrauterine life.
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