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Main concerns of aquaculiure

v High production cost of fishmeails for carnivorous fish (essentially
fish flour from low quality fish).




Main concerns of aquaculiure

v High production cost of fishmeals for carnivorous fish (essentially
fish flour from low quality fish).

v Susteinability of aquaculture:

> How toreduce dependence on
marine fisheries (often
overexploited)?

> Environmental impact of extensive
aquaculture: Nitrogenous waste
causes local water eutrophication.




Main concerns of aquaculiure

v Partial replacement of dietary protein _,
by other nutrients... W




Main concerns of aquaculiure

v Partial replacement of dietary protein
by other nutrients...

...carnivorous fish are glucose
infolerant!!




Carnivororus fish as a glucose intolerant model

v" Natural diet: high protein / low carbohydrates.

v' Low ability to metabolize dietary carbohydrates.

v Low ability to control blood glucose levels. giW* — 5=

v' Alternative model to study glucose intolerance and type 2 diabetes.




Carnivororus fish as a glucose intolerant model
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Carnivororus fish as a glucose intolerant model

v" Natural diet: high protein / low carbohydrates.

v' Low ability to metabolize dietary carbohydrates.

v Low ability to control blood glucose levels. giW* — 5=

v' Alternative model to study glucose intolerance and type 2 diabetes.




Sparus aurata (gilthead seabream, orada)
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Marine fish and Sparus aurata production in Europe
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Sparus aurata tolerates partial substitution of dietary protein

by carbohydrates
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Alanine aminotransferase (ALT, GPT)

O OH @) OH
ALT
on *+ — oH ¥
NH., O OH @) HN OH
@ @

Alanine a-Ketoglutarate Pyruvate Glutamate

v' Biochemical evidence supports existence of cytosolic and
mitochondrial isoforms: their functional role remain unclear.

v' Widely used as a marker for liver injury (hepatitis, cirrhosis,
hepatotoxicity). Increased serum activity is also associated to other

clinical conditions (fatty liver disease, diabetes, obesity, muscle
diseases).

v' ALT is a marker of protein utilization in fish.




ALT is a molecular link between carbohydrate, amino acid

and energy metabolism

Diet Blood
Glycogen == Glucose Pentose phosphate
N
Glucose-6P
Glycolysis Gluconeogenesis

Pyruvate
1 *.ALT

Acetyl CoA Amino acid
1 metabolism

TCA cycle

Energy
Metabolic intermediates for biosynthesis
Hepatocyte




Hepatic ALT activity as a biomarker of nutritional status in

Sparus aurata

Sparus aurata

Effect of diet composition Effect of ration size
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Hypothesis

v' Control of ALT expression may improve the use of dietary
carbohydrates for energy purposes while preserving
proteins for growth in Sparus aurata (protein-sparing
effect).

v" This would allow a significant replacement of dietary
protein by carbohydrates in aquafeeds for fish farming,
and thus reduce the production cost and the
environmental and biodiversity impacts of extensive
aquaculture.




Objectives

> Global objective:

v To increase the current knowledge on the regulation of the
expression of ALT isozymes in Sparus aurata to enable a
biotechnological action to spare protein and improve the use of
dietary carbohydrates.

> Specific objectives:

D Cloning and molecular and kinetic characterization of cytosolic
and mitochondrial isoforms of ALT from Sparus aurata.

@ Characterization of ALT gene promoters.

® Identification of proteins that may interact with ALT isoforms and
eventually regulate the enzyme activity.

@ Effect of ALT inhibition on the intermediary metabolism of Sparus
aurata.



Specific objective 1

> Global objective:

v To increase the current knowledge on the regulation of the
expression of ALT isozymes in Sparus aurata to enable a
biotechnological action to spare protein and improve the use of
dietary carbohydrates.

> Specific objectives:

D Cloning and molecular and kinetic characterization of cytosolic
and mitochondrial isoforms of ALT from Sparus aurata.



Molecular cloning of cALT1 and mALT from Sparus aurata
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Subcellular localization of cALT1 and mALT
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I. Metdn et al. (2004) FEBS Lett 566: 251-254




Proposed mechanism of mitochondrial mALT import

mALT-GFP
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Alternative splicing generates two cytosolic isozymes:

cALT1 and cALT2
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Expression of cALT1 and cALT2 in §S. cerevisiae
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cALT1 and cALT2;

Saturation kinetics for pyruvate and L-glutamate
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CALTI CALT2

Forward reaction

Kinetic parameters of

KmAla (mM) 1.8240.33 2.2140.70 cALT1 and cALT2
Kim2-00 (mM) 0.048+0.006 0.051+0.006

Vinex (umol/min/g)  56.8+14.3 14697+4482

Vinax/KmAlo 0.031 6.65

Vinax /K200 1.183 288.2

[sg0xamate (mM) 1.4620.14 1.1020.03

Kioxamate (mM) 9.37+0.83 2.5040.32

Kioxamate (mM) 3.2040.87 0.83%0.04

Reverse reaction

KmGu (mM) 15.9143.99 4.53%1.55
KmPYr (mM) 0.690+0.208 0.154+0.053
Vimax (umol/min/g) — 11.6£2.3 20.9+0.7
Vinax/Km G 0.00]1 0.005
Vinax/KmPYt 0.017 0.135

KiSlv (mM) 34.9+13.3
KPv (mM) 36.5£15.9
[spOxamate (M) 104.2424.8

KiOxomoTe (mM)

81.5%21.5

I.G. Anemaet et al (2008) Int J Biochem & Cell
Biol 40: 2833-2844




CALTI CALT2

Forward reaction

KmAla (mM) 1.82+0.33 2.21£0.70

Km2Oxo (mM) 0.048+0.006 0.051+0.006

Vmaex (umol/min/g) ~ 56.8+14.3 1469714482

Vmax/KmAle 0.031 6.65

Vmax/KmZ0Oxo 1.183 288.2

|spOxamate (M) 1.4610.14 1.10£0.03

K,-OxomoTe (mM)

K,Oxomote (mM)

Reverse reaction
KmClv (mM)
KmPYr (mM)
Vmax (umol/min/Q)
Vmax/Km©
Vmax/KmPYr
KiGlv (mM)
KiPvr (mM)
[spOxamate (MM

K,-Oxomo‘re (mM)

15.91£3.99
0.690+0.208
11.6+£2.3
0.001

0.017

4.53%1.55
0.154£0.053
20.90.7
0.005

0.135
34.9£13.3
36.5£15.9
104.2+24.8
81.5£21.5

Kinetic parameters of

cALT1 and cALT2

v' cALT2 preferably catalyses the forward
reaction (conversion of L-alanine to pyruvate)

I.G. Anemaet et al (2008) Int J Biochem & Cell
Biol 40: 2833-2844




Nutritional regulation of cALT1 and cALT2 expression
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Nutritional regulation of cALT1 and cALT2 expression

Fed Starved 6h-refed 5d-refed
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cALT1 and cALT2 expression in streptozotocin-induced

diabetic Sparus aurata
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Specific objective 2

> Global objective:

v To increase the current knowledge on the regulation of the
expression of ALT isozymes in Sparus aurata to enable a
biotechnological action to spare protein and improve the use of
dietary carbohydrates.

> Specific objectives:

@ Characterization of ALT gene promoters.



Cloning and characterization of Sparus aurata

cALT gene promoter (SBL cells)
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p300 and c-Myb fransactivate the cALT gene promoter
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HNF4o transactivates the mALT gene

Probe
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Specific objective 3

> Global objective:

v To increase the current knowledge on the regulation of the
expression of ALT isozymes in Sparus aurata to enable a
biotechnological action to spare protein and improve the use of
dietary carbohydrates.

> Specific objectives:

® Identification of proteins that may interact with ALT isoforms and
eventually regulate the enzyme activity.



Yeast two-hybrid screening:

searching for cAlLT-interacting proteins

A. DNA binding domain fusion

OFF
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Forster Resonance Energy Transfer (FRET) assay:

confirming protein-protein interaction

Excitation Excitation
488 nm Emission 488 nm
561 nm
/ Emission
Donor 592 nm
FBP
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N— )2 )—C N— D> — C
pcALT2-EGFP pDsRed-mon-FBP




F-lectin (FBP) regulates cALT2 activity through
protein-protein interaction

pcALT2-EGFP pcALT2-EGFP
Before photobleaching After photobleaching
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Specific objective 4

> Global objective:

v To increase the current knowledge on the regulation of the
expression of ALT isozymes in Sparus aurata to enable a
biotechnological action to spare protein and improve the use of
dietary carbohydrates.

> Specific objectives:

@ Effect of ALT inhibition on the intermediary metabolism of Sparus
aurata.



Amino-oxyacetate (AOA) inhibits cALT activity in vitro
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Amino-oxyacetate (AOA) inhibits cALT activity in vivo
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Effect of long-term exposure to AOA on the intermediary

metabolism of Sparus aurata
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Effect of long-term exposure to AOA on the intermediary

metabolism of Sparus aurata
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Silencing Sparus aurata cALT expression: shRNA
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Chitosan as a non-viral vector for nucleic acids delivery
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Conclusions

v We isolated three ALT isozymes from Sparus aurata: two cytosolic isoforms
resulting from alternative splicing of the cALT gene (cALT1 and cALT2) and a
mitochondrial enzyme (mALT). Upregulation of cALT2 occurs under
gluconeogenic conditions in the liver, whereas cALT1 is associated to
postprandial vtilization of dietary nutrients.

v' Distinct transcription factors enhance the activity of cALT (p300 and c-Myb)
and mALT (HNF40) gene promoters.

v F-lectin stimulates cALT2 activity through a mechanism involving protein-
protein interaction.

v' Long-term inhibition of cALT isoforms increases glycolysis and decrease the
renewal of alanine.




Future perspectives

> Ultimate aim:

v To improve the use of dietary carbohydrates by fish in culture and
spare protein.

> Projects on course:

v Effect of knocking-down the expression of cALT isoforms on the
Sparus aurata intermediary metabolism and feed conversion
efficiency.

v To explore the possibility of a multifactorial action on several genes
to perform a more robust protein sparing effect, we are performing
transcriptomic and microarray analysis to identify other candidate
genes as potential biomarkers to optimize the use of dietary
nuirients in Sparus aurata.

v' Characterization of human ALT promoters (M.C. Salgado et al., 2014,
BBA-Gene Regul. Mech. 1839: 288-296).
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