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ABSTRACT

Glycerol has been shown to cross Saccharomyces cerevisiae plasma
membrane through (1) a H+/symport detected in cells grown on non-
fermentable carbon sources, (2) the constitutively expressed Fps1p channel
and (3) by passive diffusion. Fps1p channel has been named a facilitator, for
mediating glycerol low affinity transport of the facilitated diffusion type. We
present experimental evidence that this kinetics is an artefact created by
glycerol kinase activity. Instead, the channel is shown to mediate the major
part of glycerol passive diffusion. This is not incompatible with Fps1p major
role in vivo, which has been previously shown to be the control of glycerol
export under osmotic stress or in reaction to turgor changes. Furthermore,
yfl054c and fps1 mutants were equally affected by exogenously added ethanol,
being the correspondent passive diffusion stimulated. For the first time, to our
knowledge, a phenotype attributed to the functioning of YFL054c gene is
presented. Glycerol passive diffusion is thus apparently channel mediated.
This is discussed according to glycerol chemical properties, which contradict
the widely spread concept of glycerol lipossoluble nature. Considering the
multiple roles that glycerol intracellular levels play, most probably as a central
key to metabolism control and how tight its pathway regulation appears to be,
it is consistent that glycerol in and out fluxes are also closely controlled by the
cell.

Glycerol

Passive diffusion ...

FPS1FPS1 fps1 + Etho
fps1

yfl054c + Etho

yfl054C

W303-1A + Etho 
W303-1A

• Cells shocked on  12 % ethanol in reaction buffer for 2 min
• Transport standard procedures except for very long incubation periods
   and radiolabelled solutions with very high specific activitiy
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Ethanol inhibition over
W303 having FPS1 and
 YFL054c

Ethanol inhibition over W303
possessing only the Yfl054cp

No ethanol inibition over
W303 without both genes

How is glycerol permeating the membrane 
after deleting both channel genes  ??
≈ 15% diffusion left

YFL054c

GlycerolGlycerol
Passive diffusion ... FPS1FPS1

yfl054C  ?

Channel mediated diffusion …
or
Free diffusion …
or
Mediated free diffusion ...

?

Leo et al. (1977) Chemical Reviews, 71 (6): 525-616

logP (glycerol/oil partition coefficient) = - 4.15

To compare -  ethanol logP = -1.33

Gennis Ed. (1997) Biomembranes: Molecular Structure and function. 
Springer Verlag, Chapter 4

Glycerol permeability coefficient = - 10-6  to 10-7 cm/sec

To compare -  water permeability coefficient = 103 higher

C            - [ethanol]
Cmin      - [ethanol] below which effects on transport kinetics can be
negligible
Vmax0     -  transport Vmax in the absence of ethanol
VappC       - Apparent transport Vmax in the presence of [ethanol] = C
Kd          - Diffusion constant (1st order kinetics applied to initial uptake rates)

Ethanol affects

Interferes with membrane fluidity, as a lipid solubilizer

Lipid bilayer organization, increasing ∆S

Acts as an exponential inhibitor of transporters affecting protein 
functional insertion in the membrane (stronger for active transporters)
Vmax decreases exponentially with [ethanol]
Acts as an exponential stimulator of passive diffusion through lipids
Kd increases exponentially with [ethanol]

Lipid environement surrounding each protein

VappC =  Vmax0 . e -  K (C - Cmin) .        S

                    Km + S

KdC =  Kd0 . e  K (C -
Cmin)

YEPEtho   Vapp = [Vmax.[S]/ (Km + [S])]  +  Kd.[S]

YEPD exponential Vapp = Kd.[S]

YEPD post-diauxic Vapp = [Vmax.[S]/ (Km + [S])]  +  Kd.[S]

Gutp created artefact

Active transport keeps being detected as previously described
Facilitated diffusion appears only during diauxic-shift cells in YEPD
fps1 mutants present kinetic parameters identical to wt’s
gut1 mutants loose the facilitated diffusion-like transport during
diauxic-shift cells in YEPD  

V 
(µ

m
ol

 h
   

  g
   

  p
es

o 
se

co
)

-1
-1

0

100

200

300

400

500

0 0.01 0.015
//

V/[Glicerol] (l. h     g      peso seco)-1 -1

0

0.5
1

1.5
2

0 20 40 60 [G
lic

]  
   

 / 
 [G

lic
] 

in
t

ex
t

Tempo de ensaio (min)

gut 1 ∆ gut 2 ∆
YEPD Post-diauxic phaseYEPD Post-diauxic phase

0

100

200

300

400

500

0 0.01 0.015
//

V/[Glicerol] (l. h     g     peso seco)-1 -1

0
0.5

1
1.5

2

0 20 40 60
Tempo de ensaio (min)

[G
lic

]  
   

  /
  [

G
lic

] 
in

t
ex

t CCCP 50 µMCCCP 50 µM CCCP 50 µMCCCP 50 µM

Fps1p-mediated transport Facilitated diffusion

Sutherland et al. (1997)
Vapp = [Vmax.[S]/ (Km + [S])]  +  Kd.[S]

Absent from fps1

S. cerevisiaeS. cerevisiae
W303-1A
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Induced cellsInduced cells
Growth on            EthanolGrowth on            Ethanol
                             Glycerol                             Glycerol
                               Acetate                               Acetate

wt

fps1

Raw experimental data

YEPD post-dauxic phase

YEPEtho

YEPD post-dauxic phase

YEPEtho

Km  27mM
Vmax  179 µ moles h-1 g-1

Km  12mM
Vmax  102 µ moles h-1 g-1

Exponentially growing cells
Diauxic shift cells

S. cerevisiaeS. cerevisiae
W303-1A

S. cerevisiaeS. cerevisiae
IGC 3507

MM + 2% Glucose

YEPD

No uptake detected

Uptake detected in
post-diauxic phase

Very high amounts of Gut1p

S. cerevisiaeS. cerevisiae
IGC 3507

MM 2% Gluc /
YEPD

MM 2% Gluc
+ 1M NaCl

Lages and Lucas (1997)
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Confirmed by microarray data

Glycerol kinase activity wt cells grown on ethanol
wt cells grown on glycerol

61 (mU/mg protein)
68 (mU/mg protein)

Passive diffusion Kd lies around

0.0086 ± 0.0013  l h-1 g-1 (n = 13)
0.0093 ± 0.0017  l h-1 g-1 (n = 24)

S. cerevisiae YEPEtho
Different mutant combinations of FPS1
Deletion as well  as
all genes from glycerol pathway

0.027 ± 0.006 l h-1 g-1 (n ≥ 6) S. cerevisiae overexpressing FPS1
YEPEtho 
W303-1A yEp lac 195 FPS1::URA3
YSH 6.36-3B  yEp lac 195 FPS1::URA3

fps1 YEPD grown mutant0,004 ± 0.002 l h-1 g-1 (n ≥ 6)

INCREASE

DECREASE

Due to glycerol chemical properties passage through lipids
is most improbable
Fps1p  is instead apparently responsible for most of what
has been called so far passive diffusion
Fps1p homolog also mediates first order kinetics glycerol uptake
according to molecular similarity to FPS1,
the role in vivo being still unknown

Oliveira et al. (2003) Biochim. Biophis. Acta

Glycerol “facilitated diffusion” is present in both strains

YEPD YEPD + SALT
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An overnight cultivation can  explain the phenotypes
Sutherland et al. (1997)


