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Life cycle

African trypanosome
(Trypanosoma brucei)

Sleeping sickness (HAT)

Nagana, etc. (AAT)

Most of the available 
drugs against 

trypanosomiasis
target 

metabolic enzymes !

WHO objectives: 
elimination in 2020  
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Tsetse fly



Proline, glucose and glycerol sustain growth of procyclics

Tsetse fly
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The malate/α-ketoglutarate branch of the TCA cycle is poorly or not used



H O2

L-proline

IN
NE

R 
 M

EM
BR

AN
E

FAD
FADH2

GLU

γSAG

H+
H+H+H+

NADH NAD
+

O2
O2

I III IV

e-

e-

e-
C

e-

e-
e-

II e-

UQ

3NH NAD+
NADH

NAD+
NADH

 TCA
Cycle

CitOxac

IsoCit
Malate

ADP
CoASH

NAD+
NADH

CoASHCO2

2Ket

SucCoA

NAD+

NADH

CO2

CoASHH O2

H O2
H O2

CO2
Succinate SucCoA

ADP
CoASH

NADH
NAD+

Acetyl
CoA

NADH
NAD+

GLYCOSOME

PEP

Oxac
NADH
NAD+

ATP
ADP

NADPH
NADP+

CO2

ADP

ALANINE

PiPPi
ATPAMP

DHAP

Gly-3-P

G-6-P

ATP

ADPAMP

Malate

Pyruvate

PyruvatePEP

H+

ADP ATP

ATP

ACETATE

Succinate

NADHNADH

Fumarate

CO2 NADPH
NADP+

CO2CO2

Malate

ATP

CO2

G
lu

co
ne

og
en

es
is

ATP

Pyruvate
CoASHNAD+

Pyruvate

ATP

MITOCHONDRION
L-proline

IN
NE

R 
 M

EM
BR

AN
E

NADP+
NADPH

GLUTGLUTGLUT

ALANIN
E

GLUT

Proline

ALANINEALANINE

ALANINEACETATE

Fumarate Fumarate
NADH
NAD+

SUCCINATE SUCCINATE

DHAP G3P

DHAP

F1,6BP

F6P

1,3diPG

G6P

G3P

Essential
pathways

Gl
uc
on

eo
ge
ne

sis

"Metabolism and mathematical models: Two for a tango"                                          November 18-19, 2021

Central metabolism  – Glucose-depleted conditions

Coustou et al., 2008, JBC;   Allmann et al., 2013, JBC;   Wargnies et al., 2018, PLoS Pathog

P5C

Pyruvate
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2x107 procyclic cells (exponential phase)

[U-13C]-carbon source

[U-13C]-carbon source

Recovery of the cells by fast filtration on membranes

Cell lysis in 50 ml boiling water

IC-MS/MS analysis

Determination of 13C-incorporation 
into glycolytic intermediates

Carbon source preference   – IC-MS-MS analysis of the endometabolome

[U-13C]-Glucose
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HK: 31 mU/mg of protein
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GK: 2300 mU/mg of protein
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HK: 31 mU/mg of protein
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HK: 31 mU/mg of protein
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GK: 2300 mU/mg of protein
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HK: 31 mU/mg of protein

Allmann, Wargnies, Plazolles et al., 2021, PLoS Biol

GK: 2300 mU/mg of protein
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HK: 31 mU/mg of protein

Allmann, Wargnies, Plazolles et al., 2021, PLoS Biol

GK: 2300 mU/mg of protein
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Glyc-to-Glc preference  – "Metabolic contest"

“Metabolic contest” differs greatly from “catabolite repression”   

“catabolite repression”   Glucose

From Galinier & Deutscher,
2017, J Mol Biol



What about the use of carbon source in vivo ?

Tsetse fly
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[U-13C]-
Glucose

500-MHz proton NMR spectra (C-H bond)

Suspension in 2 ml PBS + 0.5 mM
+   4 mM

2 x 107 procyclic cells (exponential phase)

[U-13C]-Glucose

Recovery of the incubation medium by centrifugation

[13C]-Succinate [13C]-Acetate

Proline

Consumption of D-glucose                 and     
(6 hours of incubation at 27°C)

[U-13C]-Glucose Proline

Succinate Acetate

Proline conditions   – Succinate and alanine are also consumed
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The TCA cycle is fully fonctional and has a high 
metabolic capacity 

-

PCF have the ability to play with ATP production 
depending on the availability of carbon source 
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Conclusion

Growth of procyclics and epimastigotes is stimulated 
by TCA cycle intermediates, in the presence of physio-
logical amounts of proline (1-2 mM) 

-

Proline is probably not the only carbon source used
Carbon source preference:  

Glyc  >>  Glc  >>  Pro

The TCA cycle is fully fonctional and has a high 
metabolic capacity 

-

PCF prefers glycerol over glucose and glucose over 
proline, although proline is the main carbon source 
used in vivo

-

What is the role of glucose and glycerol metabolism 
for the parasite in vivo ?

PCF have the ability to play with ATP production 
depending on the availability of carbon source 
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Metabolic contest:  
Glyc  >>  Glc

The TCA cycle is fully fonctional and has a high 
metabolic capacity 

-

Conclusion

PCF have the ability to play with ATP production 
depending on the availability of carbon source 

Growth of procyclics and epimastigotes is stimulated 
by TCA cycle intermediates, in the presence of physio-
logical amounts of proline (1-2 mM) 

-

Proline is probably not the only carbon source used

PCF prefers glycerol over glucose and glucose over 
proline, although proline is the main carbon source 
used in vivo

-

What is the role of glucose and glycerol metabolism 
for the parasite in vivo ?

Trypanosoma brucei is the only known microorganism 
performing gluconeogenesis in the presence of glucose

-

Metabolic contest could be performed by any 
organism provided that ...
What is the role of glycerol preference for the 
parasite in vivo ?
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