Metabolismo energético



Habitats y Nichos

Nicho: Espacio abstracto en el ambiente bidtico en el cual es posible
la vida. ES una combinacion unica de factores ambientales
(bidticos y abidticos) que son capaces de soportar la vida.

Habitat: Es el componente ambiental o abiotico de un nicho.

Ley de Gause (1934):

a) No existen dos especies ocupando el mismo nicho.
Eventualmente, una reemplazaréa a la otra.

b) Una de las especies evolucionara de modo de ocupar un
nicho ligeramente distinto. Generacion de una nueva
especie.
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Venous blood (portal vein) dog, cat 49006
Peritonea cavity _rabbit, rat, cat 28-+40
Ple eal cavity man, monkey 12-39
Uriwe %3 man 1-4=00
Bile cattle, sheep, dog 0=30
Abomasum (near mucosa) sheep 4 13
Rumen (geses cattle, sheep, goat  0-2
Stonech (gases) man 0-70
Small intestine (near mucosa)  sheep, rat +-30
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SANGRE:

Glucosa: 50-120 mg por 100 ml

Lipidos (160-280 mg/dl FL, 120-125 mg/dl TG, 150-220 mg/dl
colesterol )

Aminoacidos, 3-10 mg por 100 ml

Proteinas

pCO2: 40 mm Hg

pH 7.4

Temperatura cte.
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Parasitismo

Dependencia metabdlica
El concepto de dependencia metabolica esta estrechamente ligado

al de parasitismo. De hecho, puede definirse como parasito a un
organismo que, no solo se halla en una continua e intima
asociacion con otro (el hospedador), sino que ademas es
metabolicamente dependiente de él.



Fig. 1. Major metabelic pethways occurring in
mammalian cclls. The central importance of the
glveolyric pathway and the citric acid cudle is shown in
heavy lines. Each dot represents a single metabolite, and
enzymc-catalysed reaciions ar¢ shown by
interconnecting lines. No attempt has been made to
disunguish anabolic and catabolic processes. Modified
from Alberts ef al. (1983).

Fig. 2. Major metabolic pathways in the jong siender
binodstream trypemastigote form of Trypanesoma bruce:
subspecies. Novel pathways are shown in dotted lincs.



Rendimiento energético en parasitos
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Glucosa: 50-120 mg por 100 ml

INSECTO: Lipidos (160-280 mg/dl FL, 120-125 mg/dl TG, 150-
Glucosa: escasa 220 mg/dl colesterol )
Lipidos: escasos Aminoécidos, 3-10 mg por 100 ml
Aminoacidos: alta prolina y treoninal Proteinas
Proteinas pCO2: 40 mm Hg
Alta pO, pH 7.4
Temperatura ambiente Temperatura cte.
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Fig 1. Schematic represenation of glycolyss in the bloodstresm-form of T bracel Under serobds conditions, glocose & converied o pymvate. Under smserobdc
conditions aquimaolsr smomis of glerel and pyruvate e prodosed. Abbreviations: 1 SBPGA, 1, 3-Maphosphoglycerate; DHAP, dihydroxyscsone phosphaie; F-4-F,
fruckse S-phosphate; FEPR, fraciose 1, 6baphosphate; G-3-F, glyceraldehyde 3-phosphaie; G-6P, glocose Sphosphate; Gly-3-F, glyoerol 3phosphate; PER
phosphoenaiymvaie 3-PGA, S-phosphoglyoerate; Pi, inorganic phosphate; UG, ubiquinone pool Fnsymesare: 1, hexoldnsse: 2, glucose -S-phosphate isomense; 3,
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delyrdrogenase; 14, albemative oxidae.
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Fig. 1. A scheme of glycolysis in blocdstream-form Trypanosoma brucei
Solid lines represent reactions catalyzed by a single enzyme; dashed lines
represant multiple ssquential reactions. Glo-6-P, glucose 6-phosphate; Fru-
1,6-BF, fructose 1, 6-bisphosphate; GA-3-P, glyceraldehyde 3-phosphate; 1,3-
BFGA, 1, 3-bisphosphoglycerate; 3-PGA, 3-phosphoglycerate; DHAP, diky-
droxyacetones phasphate; Ghy-3-P, glyoeral 3-phosphate.
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Fig. 2. In trypanosomes lacking the glycosomal membrane, hexose phos-
phates accumulate to extremnaly high levels. The steady-state intracellular
concentrations of glucoss (a), Gle-6-P (b)), and Fru-1 6-BP (<) were calculated
both for the pressnce (solid lines) and for the absence (dashed lines) of the
glycosomal membrane. d) Glycosomal (long-dashed line) and (solid line)
cytosolic [ATP]STADP] ratio for if the glycosome is present and the otosolic
[ATP]/ADP] ratio for if there is no glycosome (short-dashed line).
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Fig. 3. The glycosome helps trypanosomes to recover from a low blood-
glucose level when returning to a normal ons. Trypanosomss consuming
glucose ina steady state at 0.0 mbA {a) or 0.05 mb (b) extracellular glucose,
wiere given 5 mb glucose after 60 s. The otosolic ATP concentration wias
rnznitored, Both in themode leiththe glycosome (solid line) and in the model
without the glycosome (dashed line). (inset) Part from 30 to 90 s enlargsd.



TaeLE IV
The control of the glveolytic flux (CY) and the displacement from
equilibrinm rT.-"K‘.?J af increased glucose fransport activity

Both the forward and the reverse ¥V, were increased by 35% =0 that
the forward ¥V became 143.4 nmol min™" mg of protein™'. The extra-
cellular glucose concentration was 5 m. All other parametera were the
same as for Table I. Control coefficients above 5% are given in boldface.

Reaction ol [VEyq
%

Glucose transport 8 G.0-107%
HEK & =102
FFE 1 = 107®
ALD 28 0.15
APDH 23 0.21
PGK 15 1.7-10°%
FYK 1 == 107%
Frruvate transport 0 == 1078
ZDH 17 9.6-10°°
Glreerol-3-phosphate oxidase 2 =2 10~3
ATP utilization 0

TABIE V
The inhibition of each individual enzyme required to inhibit the fux
by 10 and 50%
These results were obtained at 5 mM glucose under aerobic conditions
and at constant values of all other enzyme activities. The forward and
reversze V- were varied simultaneously by the same percentage.

Inhibition required
EBeaction
10% flux reduction 50% flux reduction
%
Glucose transport 11 51
HE T 93
FFE &7 93
ALD 44 TG
GAPDH 53 84
PGE G1 B85
FYK G4 oT

GDH 56 s53
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Fig. 2. Schematic representation of glucose metsbolism in the procyelic form of T brucei. Excreted end products of glucose metabolism (acetate, L-alanine, glycerol,
L-lactate, succinate and COs:) are in white characters on a black background. Amows with different thicknesses tentatively represent the metabolic flux at each
enzymatic step. Dashed arrows indicate steps which are supposed to occur at a background level or not at all. The mitochondrial outer membrane is permeable to
metabolites and is only shown in the vicinity of the schematic electron-transport cham. Abbreviations: AA, amino acid; 1 3BPGA, 1,3-bisphosphoglycerate; C,
cytochrome ¢; CoASH, coenzyme A; DHAP dihydroxyacetone phosphate; F-6-F, fructose 6-phosphate; FBP, fructose 1,6-bisphosphate; G-3-F, glvceraldehyde 3-
phosphate; G-6-P, glucose 6-phosphate; Gly-3-F, glycerol 3-phosphate; OA, 2-oxoacid; PEP, phosphoenofpyruvate; 3-PGA, 3-phosphoglveerate; Pi, inorganic
phosphate; PPi, morganic pyrophosphate; SucCoA, succinyl-CoA; UQ, ubiguinone pool. Enzymes are: 1, hexokimase: 2, glicose-G-phosphate isomerase; 3,
phosphofructokinase; 4, aldolase; 5, triosephosphate isomerase; 6, glycerol-3-phosphate dehyvdrogenase; 7, glveerol kinase; 8, glveeraldehyde-3-phosphate
dehydrogenase; 9, glvcosomal phosphoglyeerate kinase; 10, cytosolic phosphoglycerate kinase; 11, phosphoglyeerate mutase; 12, enolase; 13, pyruvate kinase; 14,
phosphosnalpynuvate carboxykinase; 15, pyruvate phosphate dikinase; 16, glveosomal malate dehvdrogenase; 17, cytosolic (and glyvcosomal) fumarase (FHe); 18,
glycosomal NADH-dependent fumarate reductase; 19, mitochondrial fumarase (FHm); 20, mitochondrial NADH-dependent fumarate reductase; 21, glycosomal
adenylate kinase; 22, malic enzyme; 23, unknown enzyme; 24, alanine aminotransferase; 25, pyruvate dehydrogenase complex; 26, acetate:succinate CoA-transferase;
27, unknown enzyme; 28, succinyl-CoA synthetase; 29, FAD-dependent glycerol-3-phosphate dehydrogenase; 30, rotenone-msensitive NADH dehwdrogenase; 31,
alternative oxidase; 32, FoF-ATP synthase; L, 11, ITT and TV, complexes of the respiratory chain.
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The energy metabolism of bloodstream-form (a) and procyclic T. brucei (b). Enzymes: |, hexokinase; 2, glucose-6-
phosphate isomerase; 3, phosphofructokinase; 4, aldolase; 5, triosephosphate isomerase; 6, glyceraldehyde-3-phosphate dehy-
drogenase; 7, phosphoglycerate kinase; 8, glycerol-3-phosphate dehydrogenase; 9, glycerol kinase; 10, phosphoglycerate
mutase; |1, enolase; |12, pyruvate kinase; |3, glycerol-3-phosphate oxidase; 14, phosphoenolpyruvate carboxykinase; 15, L-
malate dehydrogenase; 16, fumarase; 17, fumarate reductase; |8, pyruvate phosphate dikinase; 19, pyruvate dehydrogenase
complex; 20, acetate:succinate CoA transferase; 21, proline oxidase; 22, A'-pyrroline-5-carboxylate reductase; 23, glutamate
semialdehyde dehydrogenase; 24, glutamate dehydrogenase; 25, a-ketoglutarate dehydrogenase; 26, succinyl CoA synthetase;
27, FAD-dependent glycerol-3-phosphate dehydrogenase. Abbreviations: AA, amino acid; AcCoA, acetyl-CoA,; | 3-BPGA, 1,3-
bisphosphogly cerate; ¢, cytochrome c; Citr, citrate; DHAP, dihydroxyacetone phosphate; Fum, fumarate; G-3-P, glyceralde-
hyde 3-phosphate; Glu, glutamate; Gly-3-P, glycerol 3-phosphate; KG, a-ketoglutarate; Mal, malate; OA, 2-oxoacid; Oxac,
oxaloacetate; PEP, phosphoenolpyruvate; 3-PGA, 3-phosphoglycerate; Succ, succinate; Suce-CoA, succinyl-CoA; UQ, ubiqui-
none. Substrates and secreted end-products are indicated in green and red, respectively, and boxed. Enzymes involved in reac-
tions represented by dashed lines are present, but experiments indicated that no significant fluxes occurred through these
steps [62,95]. A complex Il is depicted because succinate dehydrogenase activity and succinate-dependent repiration have been
demonstrated in mitochondria of T. brucei procyclics and T. cruzi epimastigotes [167,168). However the role of succinate respi-
ration in the overall metabolism of these cells remains to be clarified. No evidence has been reported that electron transfer
through complex | of the respiratory chain of trypanosomatids is coupled to proton expulsion. The mitochondrion contains
two membranes; the inner membrane containing the respiratory chain and H*-ATPase has been drawn in this figure.

«[succinate



























Table 7.19 Host genetic factors in resistance to malaria?

Factor”

Comments

Hemoglobin disorders
Sickling disorders

Hemoglobins C and E

Hemoblobin F

Thalassemia (o and 8)

Erythrocyte polymorphisms
Glucose-6-phosphate dehydrogenase deficiency

Duffy-negative RBCs

Ovalocytosis

Immunogenetic variants
HLA genes

HLA class I

HLA class IT

Cytokine, other immune response genes
TNF
MBL

CD3s

Includes sickle cell disease (85), heterozygous states for sickle cell gene and those for hemo-
globin C (SC} or B-thalassemia (S-thal); carrier state for sickle cell gene is AS; widely distrib-
uted throughout tropical Africa, parts of the Mediterranean, the Middle East, and central In-
dia; hemoglobin § confers protection against P. falciparusm malaria (the parasite cannot
complete life cycle due to cell sickling and destruction; reduced oxygen levels result in dimin-
ished parasite growth; reduced rosetting of RBCs in sickle carriers; protection also relared ro
hemoglobin structure and parasite inability to metaholize)

Data relating to selective advantage against malaria less convincing than for hemoglobin §;
reduced parasite invasion and impaired growth have been documented; data for hemoglobin E
have shown inconsistent resules

Growth of P. falciparsm veduced in presence of hemoglabin F, thought to be due to hemo-
globin itself rather than RBC properties; higher levels of hemoglobin F during first year of life
might offer protection {(newborn infants and adults with persistent fetal hemoglobin produc-
tion}

Distribution of B-thalassemia coincides with that of malaria; 70% reduction in clinical malaria
and 50% reduction in risk; although not seen in all geographic areas, in Papua New Guinea
high protective effect of homozygous state for a-thalassemia against complications of P. falci-
parurn malaria; babies under 2 yr (homozygous for o™-thalassemia) had higher frequency of
both P. vivax and P. falciparum bat were resistant from 2 yr of age

Both female heterozygotes and male hemizygotes have reduced risk (around 50%} of develop-
ing severe malaria

Resistant to invasion by P. vivax

Patients subject to severe malarial infection with high parasitemias; however, there is strong
protecrion against cerebral malaria; structural change in RRC membrane interferes with bind-
ing of infected RBCs to vascular endothelium

Each protective HLA type associated with 40-50% decrease in risk; these HLA types are
common

HLA-A, -B, -C determine specificities of CD8* T cells (cytotoxic, major role in defense
against intracellular pathogens); HLA-B3$5 frequency reduced in children with cerebral malaria
and those with severe malarial anemia

HLA-DR, -DQ, -DP determine specificities of CD4* T cells that secrete eytokines and provide
T-cell help for antibody production and action of other T cells; HLA-DRB1*1302-HLA-
DQB1*1501 frequency reduced in children with severe malarial anemia

Major mediator of malaria fever; TNF is increased in children with cerebral malaria and
markedly 5o in children with fatal cerebral malaria

Deficiency may be associated with increased suscepribility o infecrious diseases; effect on ma-
laria may be small to none

Also called complement receptor 1 {(CR1); plays a role in rosetting; African variant of CR1
may protect against severe malaria

= Adapred from references 73 and 194,

# HLA, human leukocyte antigen; TNF, tumor necrosis factor; MBL, mannose-binding lectin.



Haplotype Diversity and Linkage
Disequilibrium at Human G6PD:
Recent Origin of Alleles That
Confer Malarial Resistance

Sarah A. Tishkoff,"2* Robert Varkonyi,2 Nelie Cahinhinan,?2
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Anthi Drousiotou,® Bruce Dangerfield,” Gerard Lefranc,®
Jacques Loiselet,” Anna Piro," Mark Stoneking,!"
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The frequencies of low-activity alleles of glucose-6-phosphate dehydrogenase
in humans are highly correlated with the prevalence of malaria. These "defi-
ciency” alleles are thought to provide reduced risk from infection by the
Plasmodium parasite and are maintained at high frequency despite the hemo-
pathologies that they cause. Haplotype analysis of "A—" and "Med" mutations
at this locus indicates that they have evolved independently and have increased
in frequency at a rate that is too rapid to be explained by random genetic drift.
Statistical modeling indicates that the A— allele arose within the past 3840 to
11,760 years and the Med allele arose within the past 1600 to 6640 years. These
results support hietirp

provide a striking X

rle=pftha ciona man genome.
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Early Origin and Recent
Expansion of Plasmodium

falciparum

Deirdre A. Joy,'* Xiaorong Feng, Jianbing Mu," Tetsuya Furuya,’
Kesinee Chotivanich,? Antoniana U. Krettli,* May Ho,*
Alex Wang,® Nicholas ). White,? Edward Suh,® Peter Beerli,®
Xin-zhuan Su’

The emergence of virulent Plasmodium falciparum in Africawithin the past 6000
years as a result of a cascade of changes in human behavior and mosquito
transmission has recently been hypothesized. Here, we provide genetic evidence
for a sudden increase in the African malaria parasite population about 10,000
years ago, followed by migration to other regions on the basis of variation in
100 worldwide mitochondrial and
some regional populatign® appear to be older {50 000 to 100,000 years o
suggesting an earlier w of migration out of Africa, perhaps duri
Pleistocene migration of human bei
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