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Summary
I- INTRODUCTION

 a) Glycosylation
• Importance in biology 

• Focus on N-glycosylation : 
• N-glycans structure
• Biosynthesis

• Associated diseases (CDG)

 b) TMEM165-CDG
• Role of TMEM165 and glycosylation

• Double link between TMEM165 and Mn2+ 

• TMEM165 ion transport : state of the art

II- RESULTS
• Functional link between TMEM165 and SPCA1

• Identifying the peptide domains implicated in TMEM165 function in glycosylation and its manganese sensitivity

III- DISCUSSION & PERSPECTIVES
à Current model of TMEM165



Essential of glycobiology, 2019

Glycosylation
• 2% of the coding genome is dedicated to glycosylation
• Modulates proteins and lipids physicochemical properties and 

functions
• Various types of glycoconjugates : glycolipids, mucins, 

proteoglycans, glycoproteins…  

Introduction Results Discussion

Carbohydrates

• Cell structure, metabolism, and regulation of almost all biological processes

Glycoproteins

• The majority of secreted and transmembrane proteins 
70% of the eukaryotic proteome
• Role in :

- Cell-cell communications 
- Development, immunity, nervous system…
- Pathogens adherence

• Usually O-Glycosylated  or  N-glycosylated
• O-Glycosylation is generaly the attachment of a sugar 

to a serine or threonine residue of a protein 



N-glycans structures

à Biosynthesis is made in the secretory pathway : ER and Golginucleus
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CDG type 1 CDG type 2

• Deficient ER Glycosylation 
steps leading to CDG
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Lefeber D

• Deficient Golgi glycosylation 
steps leading to CDG type II 

Multiple factors :
• Glycosyltransferases
• Nucleotide sugar transporters
• Vesicular trafficking (COG)
• pH (ATP6V0A2)
• Ion homeostasis …
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Freeze, 2018

• Rare genetic disease, estimated 1/20 000 births

• Autosomal recessive, rare X-linked cases

• First described in 1980 by Pr Jaeken

Congenital Disorders of Glycosylation (CDG)

• In 2024 > 160 different CDG (dos Reis Ferreira, 2022)

• Affects glycosylation of proteins/lipids

• Variable clinical phenotype

Introduction Results Discussion
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Zeevaert et al., 2013

TMEM165: a Golgi protein involved in a CDG type II

• Uncharacterized Protein Family UPF0016
• Function unknown

• Mutations on TMEM165 gene: Transmembrane Protein 165
          (Foulquier et al., 2012)

• Clinical picture
o Psychomotor and developmental delays 
o Bone phenotype : dwarphism, early osteoporosis, scoliosis
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Foulquier et al., 2012

o Type II CDG glycosylation defect identified by IEF
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Glycosylation defect in the absence of TMEM165

Patients fibroblasts & TMEM165 KO cell lines
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Use of LAMP2 as a glycosylation marker
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TMEM165 ion transport : state of the art
Mn2+

Ca2+/H+?

• Yeast ortholog Gdt1p : first thought to be a Ca2+ /H+ exchanger 
(Demaegd, 2013 [Morsomme/Foulquier teams])

• Plant ortholog, PAM71 function as a Ca2+ /Mn2+ cation antiport transporter  
localized in the thylakoid membranes system (Schneider, 2016)

• Our studies suggested the function of Gdt1p as a Ca2+ /Mn2+ cation antiport 
transporter (Dulary, 2017 [Foulquier team])

• Mn2+ transport confirmed by the first team (Thines, [Morsomme team], 2018)
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TMEM165 and glycosylation : hypothetic function
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Confirmation of TMEM165 manganese import
Introduction Results Discussion

Potelle et al., 2016

à Downregulation of TMEM165 prevent GPP130 manganese-
induced degradation

• GPP130 : Golgi protein sensitive to Golgi luminal manganese concentration

Ca2+

TMEM165

GPP130

Mn2+

Ca2+
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Golgi apparatus
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• TMEM165 is specifically degraded by Mn2+

+ Mn2+

+ CQ

à TMEM165 is degraded in lysosomes

Another link between TMEM165 and cellular Mn2+ homeostasis
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Link between TMEM165 and cellular/Golgi Mn2+ :

1) Restoration of Golgi glycosylation by Mn2+ supplementation 
2) TMEM165 Mn2+ -induced degradation 
3) Absence of GPP130 Mn2+ -induced degradation in TMEM165 
depleted cells



Modified from Peres et al., 2016
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Objectives
1) Link between TMEM165 and SPCA1?

Ø To better understand the role of TMEM165 in the maintenance 
of Golgi ion homeostasis

2) What are the amino acids implied in glycosylation function of 
TMEM165 and manganese sensitivity?

Introduction Results Discussion
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Hypothetic degradation pathways of TMEM165 in KO SPCA1 cells



Hypothetic degradation pathways of TMEM165 in KO SPCA1 cells
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Effect of MG132 on TMEM165 level of expression in KO SPCA1 cells
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à No restoration of TMEM165 expression level by MG132
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Hypothetic degradation pathways of TMEM165 in KO SPCA1 cells
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Glycosylation status of these cells?
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Protein–protein proximity between TMEM165 and SPCA1
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à Distance between TMEM165 and SPCA1 < 40nm



If SPCA1 does not import Mn2+

î Golgi [Mn2+]
à GPP130 is stable 
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manganese sensor sequence localization
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• GPP130 is sensitive to Golgi luminal manganese concentration

Use of SPCA1 clones : evidence of their functionality



Effect of SPCA1 ion transport on TMEM165 expression in KO SPCA1 cells

àConclusion article 1 : TMEM165 expression depends on SPCA1 ability to import Mn2+ inside the Golgi
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Introduction Results 1 Conclusion 1

Objectives
1) Link between TMEM165 and SPCA1?

Ø To better understand the role of TMEM165 in the maintenance 
of Golgi ion homeostasis

Ø In fine, unveal cellular and molecular functions of TMEM165

Ø Long term : developping new therapeutics

2) What are the amino acids implied in glycosylation function of 
TMEM165 and manganese sensitivity?
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TMEM165

GPP130
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Mn2+?



TMEM165 structure

Ø 324 AA

Ø 6 or 7 transmembrane domains

Ø Highly conserved throughout evolution

Ø Especially two domains
 - E-x-G-D-K-[TF] and E-x-G-D-R-[SQ]

- Signature motifs of UPF16 
(Uncharacterized Protein Family UPF0016)

Dulary, Potelle et al., 2016

370
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* Modified amino-acids
* Mutations found in TMEM165-CDG 
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Mutation

Cleavage site?

F72G, T73G

E108G, D111G, K112G, T113G, F114G, 
I116G, M120G, M122G, R123G, Y124G, 

R126G

M140G

K198R, K199R, K200R, K198-200R, K208R

E248G, D251G, R252G, S253G, 
Q254G,T257G

1) Role in glycosylation?

• Study of LAMP2 profile for each mutants

2) Role in manganese sensivity?

• Method
Mutation

Introduction Results 2 Discussion

Uncover the AA implied in TMEM165 function and/or manganese-induced sensitivity

• Stability of TMEM165 after Mn2+ supplementation 
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àMutants unable to restore glycosylation seem more likely localized in the 2 conserved sequences.
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àAlmost all unable to restore fully glycosylated forms of LAMP2
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àEvery mutant is Golgi localized except D251 and S253 that are lysosomal



Mutation

Cleavage site?

F72G, T73G

E108G, D111G, K112G, T113G, F114G, 
I116G, M120G, M122G, R123G, Y124G, 

R126G

M140G

K198R, K199R, K200R, K198-200R, K208R

E248G, D251G, R252G, S253G, 
Q254G,T257G

2) Role in manganese sensivity?

• Stability of TMEM165 after Mn2+ supplementation 

1) Role in glycosylation?

• Study of LAMP2 profile for each mutants

Mutation

Introduction Results 2 Discussion

Uncover the AA implied in TMEM165 function and manganese-induced sensitivity



Manganese sensitivity study
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àSome mutants present a 
partial resistance to 
manganese-induced 

degradation



• Summary

1st observation : mutants unable to restore glycosylation are more likely to be localized in the 2 
signatures motifs
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• Summary
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Acidic AA

The 2 signatures motifs contains acidic AA (E/D) à cation binding site
Role in cation affinity or pocket conformation change



• Summary

Introduction Results 2 Conclusion 2
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Conclusions (1)

Introduction Results 2 Discussion
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Identification of :

• the key domains for the function of TMEM165 in glycosylation

• the AA implicated in the manganese sensitivity of TMEM165 

Consistent with previous statements:

• TMEM165 Mn2+ sensitivity is confered by AA between AA number 69 and 172 

(Potelle et al., 2017)

• GPP130 Mn2+ -induced degradation is  affected by the absence of SPCA1 (BJ, 2019)

• GPP130 Mn2+ -induced degradation is affected by the absence of TMEM165  

(Potelle et al., 2016)

• TMEM165 degradation is not affected by the depletion of GPP130 

à TMEM165 is a cytosolic manganese sensor 
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There is a functionnal link between TMEM165 and SPCA1

à First evidence of a link between these two proteins

à TMEM165 presence depends on the ability of SPCA1 to import 

manganese

à No glycosylation defect in the absence of SPCA1

à Glycosylation defect in the absence of TMEM165

à TMEM165 one major manganese importer in the Golgi apparatus in 

humans
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Recent findings opening up on the nature of the counterion

• Phylogeny : functions of yeast, plant orthologs
• Signature motifs are symetric and conserved
à Sens?
• Truncated forms of TMEM165 transfected 
in bacteria à Km Ca2+ = ++ (Stribny, 2020)

Ca2+ Mn2+

Kmca2+ : 21 ± 4 μM
KmMn2+ : 170 ± 30 μM

Stribny, 2020 
(Morsomme team)

Ca2+ arguments
• Mammary cells TMEM165x25 à export H+ (Snyder, 2018)

• Decrease of Golgi pH in TMEM165 depleted cells 
(Wang, 2020)

Snyder , 2018 (Cunningham team)

H+ arguments 
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Discussion

This undeniable link between TMEM165 and manganese lead us to consider 
manganese as a supplementation therapy for TMEM165-CDG patient. 
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+Mn ttt 6 months

• Mn2+ supplementation from 2 mg/day to 10 mg/Kg/day.
• D-Galactose (D-Gal, magistral preparation) from 4 g to 12g/day.
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