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Presentation of the N-glycosylation pathway in C reinhardtii

and dixylosylated species (Fig. 3). A similar 1mpact was observed 1n the IM.;
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2. Residual xylosyltation in IM,;,xIM,.; double mutant might be due to other
xylosyltransferase candidates
Xylosylation . . .
The high degree of heterogeneity of xylosylated glycan structures 1in C.
| reinhardtii and the remaining xylosyltransferase activity 1n the IM,XxIM.g
Methylation Fucosylation

double-mutant led to the hypothesis that other xylosyltransferases would be

involved 1n the maturation of C. reinhardtii N-glycans. Thus, three new candidate

genes were 1dentified by sequence homology search (Fig. 4). Although the three
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Figure 1 : Scheme of the proposed N-glycosylation pathway in C. reinhardtii. share 6)1 common motif 1in the C—Egrmlnus part with XTA, XTB and plant P (1,2)
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Involvement of XTA and XTB in the A-glycan xylosylation
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In silico analyses of (C. reinhardtii genome revealed that several genes encode Cre09.9391282 Ismsw VLHNSGGNH - - - - - - - HYHNTASF1@LPMHDM - - -@SAHDPNMLAAKBTEVMDSTALR

Cre(08.g361250 GQSAVLﬁLLGDSFKEVSA NNVIRNMAASC NHEMADVLYR VDVDVPQLQAAiRSAMDFVAGA

\ , Cre10.g458950 | AGESALLEILAGVGWEDTQTGNMLNLIEPSLAHNMGBAYNMEQVRYQGPDIDIKVATDAEVRAMDEVSAR

putatlve XylosyltranferaseS. ThlS Study focused on Creog.g391282 and Crel3§588750 BcocalLoLLGDSFAQVAA-- -NNVERNMARGLEGHHMEDVPYSEBVDVDVPQLQAAVKRSMDYVAQQ
Crelo.g678997, encoding respectively XTA and XTB, since their deduced protein Figure 4 : Phylogenetic relationships between plant and C. reinhardtii xylosyltransferases. (Lucas et

al., 2020)

The putative protein sequences of xylosyltransferases from C. reinhardtii were compared with sequences
from Oryza sativa (0s08g0503800), Zea mays (NP 001105845.1), Lemna minor (ABG89269.1), Arabidopsis
thaliana (At5g55500), Solanum lycopersicum (NP 001311390.1) and Physcomitrella patens (CAD22108.1). The

sequences share the highest homology degree with the A. thaliana characterized

xylosyltransferase. Total proteins from 1nsertional mutants IMy,, , IM,,z and

IM X IM, s double-mutant (www.chlamylibrary.org; Lucas et al., 2020) were analyzed protein sequences alignment was performed with ClustalW and then the tree (A) was deduced using the
, , , , o , , Neighbor-Joining method (Saitou and Nei, 1987). The percentage of replicate trees 1in which the

by immunoblot using antibodies spe01f1cally directed against the core 3(1’2)_ associated taxa clustered together in the Dbootstrap test (1000 replicates) are shown next to the
branches (Felsenstein, 1985). (B) Sequences encoding for putative xylosyltransferases exhibit a

xylose epitope (Fitchette et al., 2007). A low signal was observed 1in both IM;,
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and IM,.,xIM,., double-mutant compared to the wild-type (WT) (Fig. 2). In contrast, CﬁﬂCillﬂﬂll ﬂnd perspeCiIVQS
proteins from the IM,,; mutant were immunodetected similarly to WT (Fig. 2). This

Proposed xylosylation process in C. reinhardtii

suggests that XTA rather XTB 1s 1nvolved 1n the transfer of a ((1,2) xylose

residue on the core mannose. This glycoproteomic analysis performed on secreted The additional xylosyltransferases are possible candidates for o(l,3)mannose

glycoproteins confirms previous results and the role of XTA in the B(1,2)- xylosylation (Fig. 9).
w
xylosylation, (Mathgigi-Rivet &t al., 2013, 2 Schulze et ad., 2018; Oltmanns et Pi-
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XTA 1s mainly responsible for the addition of core B(1l,2) xylose whereas XTB is involved in the transfer
of a R xylose onto @(1,2)mannose lglf the N—glycanthllnearlbra L To fa lesser exaen tXTB tlS
Figure 2 : Immunoblot analysis of the secreted proteins from WT (CC-5325; CC-5155) and C. reinhardtii E&E%Qﬁ%ﬁé—‘%@? tﬁgecﬂddla&@fﬁ%%sa COKEOB (i %ré}c/:l%%glze € XY 05Y ransferase candidates ©
mutants using antibodies specifically directed against the core B(1l,2)-xylose epitope (Lucas et al., identify which one(s) are responsible for residual xylosylation. In a second
2020) .
XTA is responsible for the core B(1,2)-xylosylation, whereas XTB is involved in the xylosylation of the time, since [((1,2)-xylose residues are known to Dbe 1Immunogenic (Lerouge et
linear branch of C. reinhardtii. Western blot analysis of protein extracts from CC-5325; CC-5155; IMyma.s . : : .
IMyrg; IMyp,XxIM,op; Bovine serumalbumin (BSA) as it is non glycosylated; the phospholipase A2 (PLA2), which al., 1998 Strasser et al., 2000), repressing or deleting the genes encoding
is a glycosylated protein without any core PB(1,2)-xylosylation; and the recombinant avidin produced in xylosyltransferases would be necessary to exploit C. reinhardtii as a biofactory
corn, which 1is glycosylated with core B(1,2)-xylosylation. In parallel, molecular weight markers . . . . .
(PageRuler Plus stained Protein Ladder, Thermo Fisher) are reported in kDa. for the production of therapeutic glycoproteins suitable for wuse 1n human

A) Ponceau Red staining of the nltrocellulose membrane.
_ therapv.

Ackﬂawledgments. The authors are thankful to Normandie Unlver51ty, £he Graduate SChook of Researth X1L=Chem (ANR-18-EURE-0020 XL-Chem), the Région Normandie, France and the University of Muenster, Germany for financial support.
Cited references: Lucas P-1,, Mathieu-Rivet E, Song PCT, Oltmanns A, Loutelier-Bourhis C, Plasson C, et al. Multiple xylosyltransferases heterogeneously xylosylate protein N-linked glycans 1n Chlamydomonas reinhardtii. Plant J.

o JLCHEM

2020;102(2) :230-45 NORMANDIE Normandie Universi¢  GRADUATE SCHOOL OF RESEARCH
Lucas P-1,, Dumontier R, Loutelier-Bourhis C, Mareck A, Afonso C, Lerouge P, et al. User-friendly extraction and multistage tandem mass spectrometry based analysis of lipid-linked oligosaccharides 1in microalgae. Plant Methods. L

2018714:107 —_— IUNIVERSITE
Mathieu-Rivet E, Scholz M, Arias C, Dardelle F, Schulze S, Le Mauff F, et al. Exploring the N-glycosylation pathway in Chlamydomonas reinhardtii unravels novel complex structures. Mol Cell Proteomics MCP. nov WWU DE ROUEN
2013,’12(11)!3160—83. e VMUNSTER

Mathieu-Rivet E, Kiefer-Meyer M-C, Vanier G, Ovide C, Burel C, Lerouge P, et al. Protein N-glycosylation in eukaryotic microalgae and 1its 1impact on the production of nuclear expressed biopharmaceuticals. Front Plant Sci.

2014;5:359 437 stres
Vanier G, Lucas P-L, Loutelier-Bourhis C, Vanier J, Plasson C, Walet-Balieu M-L, et al. Heterologous expression of the N-acetylglucosaminyltransferase I dictates a reinvestigation of the N-glycosylation pathway in Chlamydomonas GZ: NBISE -\\5
reinhardtii. Sci Rep. 31 aofit 2017;7(1):10156.
Oltmanns A, Hoepfner L, Scholz M, Zinzius K, Schulze S, Hippler M. Novel Insights Into N-Glycan Fucosylation and Core Xylosylation in C. reinhardtii. Front Plant Sci. 2019;10:1686.

Schulze S, Oltmanns A, Machnik N, Liu G, Xu N, Jarmatz N, et al. N-Glycoproteomic Characterization of Mannosidase and Xylosyltransferase Mutant Strains of Chlamydomonasreinhardtii. Plant Physiol. mars 2018;176(3) :1952-64.

. : Institut fiir Biologie und
Plant Biochemistry and | gjotechnologie dir

Biotechnology | Pflanzen - IBBP

c c A~ Uy L Ul, NG RVAS 7 Dd Ol®, V1. C 1 d LLOLE0O d U g \% @) \% d @) - V1C O U V10 D 10O @) \ - U U I . = A



