
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Journal of Infection 85 (2022) e116–e118 

Contents lists available at ScienceDirect 

Journal of Infection 

journal homepage: www.elsevier.com/locate/jinf 

Letter to the Editor 

SNX27-mediated endocytic recycling of GLUT1 is 

suppressed by SARS-CoV-2 spike, possibly explaining 

neuromuscular disorders in patients with COVID-19 
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ear editor, 

Previously in this Journal, we described that inhibition of 

orting nexin 27 (SNX27)- mediated endocytic recycling of 

ngiotensin-converting Enzyme 2 (ACE2) by severe acute respira- 

ory syndrome coronavirus 2 (SARS-CoV-2) spike (S) partially ex- 

lained multiple Coronavirus Disease 19 (COVID-19) related dis- 

ases caused by ACE2 reduction. 1 Together with retromer, SNX27 

ediates endocytic recycling of multiple membrane proteins in- 

luding glucose transporter type 1 (GLUT1) from endosomes to 

he plasma membrane. 2 , 3 As a major glucose transporter in the 

lood-brain barrier, GLUT1 is the most important energy carrier of 

he brain. Reduction of GLUT1 protein level leads to dystonia and 

LUT1 deficiency syndrome 1 (GLUT1DS1), including ataxia, sleep 

isturbances and muscle spasticity. 4 It has been reported that the 

NA level of GLUT1 was not significantly different between COVID- 

9 patients and control. 5 However, neuromuscular disorders, such 

s dystonia, ataxia, sleep disturbances and muscle spasticity are as- 

ociated with COVID-19. 6 To explain this phenomenon, we inves- 

igate whether the plasma membrane localization of GLUT1 con- 

rolled by endocytic recycling is disrupted by SARS-CoV-2. 

First, we accessed whether SARS-CoV-2 S abrogated the protein- 

rotein interaction between GLUT1 and SNX27. We confirmed the 

nteraction between GLUT1 and SNX27 by GST pulldown experi- 

ents. As shown in Fig. 1 A, bacterial expressed GST-tagged SNX27 

GST-SNX27) but not GST could pull down GFP-tagged GLUT1 

GLUT1-GFP). Our previous study found that SARS-CoV-2 S inter- 

cted with PSD95/Dlg1/ZO-1 (PDZ) domain of SNX27 1 . Since both 

 and GLUT1 interacted with PDZ domain of SNX27, 1 , 3 we hypoth- 

sized that SARS-CoV-2 S might compete with GLUT1 for associ- 

ting with SNX27. To test this hypothesis, we performed GST pull- 

own experiments and found that overexpression of GFP-tagged S 

GFP-S) but not GFP reduced the binding ability of GLUT1-GFP to 

ST-SNX27 ( Fig. 1 B). However, when overexpressing SARS-CoV-2 S- 

1238A in which the SNX27 binding affinity was abolished, the as- 

ociation of GLUT1-GFP with GST-SNX27 was recovered, suggesting 

hat SARS-CoV-2 S inhibited SNX27-GLUT1 interaction through its 

ssociation with SNX27 ( Fig. 1 B). 

To fulfill the endocytic recycling, PDZ domain of SNX27 as- 

ociates with Vps26 (Vps26A or Vps26B), a key component of 

etromer. 2 Because both SARS-CoV-2 S and Vps26 associated with 

DZ domain of SNX27, 1 , 2 we wonder whether SARS-CoV-2 S abro- 

ates the protein-protein interaction between Vps26A and SNX27 

y competing with Vps26 for associating with SNX27. To test this 

ypothesis, we performed GST pulldown experiments and found 

hat overexpression of GFP-S but not GFP reduced the binding abil- 
ttps://doi.org/10.1016/j.jinf.2022.06.021 
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ty of GFP-tagged Vps26A (Vps26A-GFP) to PDZ domain or full 

ength of SNX27 ( Fig. 1 C and D). However, when overexpressing 

ARS-CoV-2 S-T1238A, the association of Vps26A with PDZ domain 

r full length of SNX27 was reversed, suggesting that SARS-CoV-2 

 inhibited SNX27-Vps26A interaction through its association with 

DZ domain of SNX27 ( Fig. 1 E and F). 

To examine whether SARS-CoV-2 S affects the surface local- 

zation of GLUT1, we performed the confocal immunofluorescent 

nalysis experiments. Compared with GFP, GFP-S but not GSP-S- 

1238A mutant reduced the surface level of Flag-tagged GLUT1- 

lag ( Fig. 2 A). We conclude that SARS-CoV-2 S could suppress the 

ndocytic recycling of GLUT1 mediated by SNX27, resulting in the 

eduction of surface level of GLUT1. 

Long COVID is characterized by multiple persisting or newly 

mergent symptoms following the acute infection of SARS-CoV- 

. 7 Our current findings expand our understanding of many neu- 

omuscular disorders caused by GLUT1-deficiency in Long COVID 

atients. In no virus infection condition, SNX27 and retromer de- 

iver GLUT1 from endosome to plasma membrane( Fig. 2 B). Upon 

ARS-CoV-2 infection, SARS-CoV-2 S disrupts two protein-protein 

nteractions (SNX27-Vps26A and SNX27-GLUT1) by targeting PDZ 

omain of SNX27( Fig. 2 B). Subsequently, endocytic recycling of 

LUT1 could be suppressed by SARS-CoV-2 S and surface level 

f GLUT1 will be decreased, leading to the deficiency of GLUT1 

 Fig. 2 B). Thus, many neuromuscular disorders in Long COVID pa- 

ients, including dystonia, ataxia, sleep disturbances and muscle 

pasticity could be partially explained by the deficiency of GLUT1 

aused by SARS-CoV-2 S. 

Spike-based SARS-CoV-2 vaccines including BNT162b2 from 

ioNTech and mRNA-1273 from Moderna have been administrated 

lobally. Previously, we discussed that side effects of S-based SARS- 

oV-2 vaccine, such as myocarditis and pericarditis, may due 

o the reduction of ACE2 recycling by S. 1 Cervical dystonia and 

taxia were occasionally reported after spike-based SARS-CoV-2 

RNA vaccination. 8-10 Those adverse events might due to GLUT1- 

ificiency by SARS-CoV-2 S because we uncovered the role for 

ARS-CoV-2 S in suppressing endocytic recycling of GLUT1 by tar- 

eting SNX27. Taken together, to generate a better mRNA vaccine 

gainst SARS-CoV-2 with less adverse events, T1238A mutant of 

ARS-CoV-2 S with less inhibition of SNX27- mediated endocytic 

ecycling could be a promising candidate. 

In summary, we reveal the mechanism how SARS-CoV-2 S re- 

uces the surface level of GLUT1. SARS-CoV-2 S abrogates two 

rotein-protein interactions including SNX27-Vps26A and SNX27- 

LUT1. Consequently, S suppresses endocytic recycling of GLUT1 

ediated by SNX27 and causes GLUT1 deficiency. GLUT1 deficiency 

y SARS-CoV-2 may partially explain some neuromuscular disor- 

ers of COVID-19 related syndromes, such as seizures, abnormal 

ovements, and cognitive disorders. Our study provides new ideas 

or understanding COVID-19 related syndromes induced by GLUT1 
eserved. 
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Fig. 1. Association of SNX27 with GLUT1 and Vps26A is inhibited by SARS-CoV-2 S. (A) SNX27 associates with GLUT1 in GST pulldown experiments. Lysates from 293T 

cells transfected with constructs expressing GFP-tagged GLUT1 were pulled down by GST–SNX27, or GST. Input represents 2% of total cell lysates. (B) SARS-CoV-2 S but not 

T1238A mutant of SARS-CoV-2 S suppresses the interaction between GLUT1 and SNX27 in GST pulldown experiments. Lysates from 293T cells transfected with constructs 

expressing GFP-tagged GLUT1 with GFP-tagged SARS-CoV-2 S, T1238A mutant of SARS-CoV-2 S, or GFP were pulled down by GST–SNX27 or GST. Input represents 2.5% of 

total cell lysates. (C) SARS-CoV-2 S inhibits the interaction between Vps26A-GFP and SNX27 PDZ domain in GST pulldown experiments. Lysates from 293T cells transfected 

with the constructs expressing GFP-tagged Vps26A with GFP-tagged SARS-CoV-2 S or GFP were pulled down by GST–SNX27-PDZ or GST. Input represents 2% of total cell 

lysates. (D) SARS-CoV-2 S suppresses the interaction between Vps26A and SNX27 in GST pulldown experiments. Lysates from 293T cells transfected with the constructs 

expressing GFP-tagged Vps26A with GFP-tagged SARS-CoV-2 S or GFP were pulled down by GST–SNX27 or GST. Input represents 2% of total cell lysates. (E) SARS-CoV-2 S 

but not T1238A mutant of SARS-CoV-2 S inhibits the interaction between Vps26A and SNX27 PDZ domain in GST pulldown experiments. Lysates from 293T cells transfected 

with the constructs expressing GFP-tagged Vps26A with GFP-tagged SARS-CoV-2 S, T1238A mutant of SARS-CoV-2 S, or GFP were pulled down by GST–SNX27-PDZ or GST. 

Input represents 2% of total cell lysates. (F) SARS-CoV-2 S but not T1238A mutant of SARS-CoV-2 S suppresses the interaction between Vps26A and SNX27 in GST pulldown 

experiments. Lysates from 293T cells transfected with the constructs expressing GFP-tagged Vps26A with GFP-tagged SARS-CoV-2 S, T1238A mutant of SARS-CoV-2 S, or GFP 

were pulled down by GST–SNX27 or GST. Input represents 2% of total cell lysates. 

Fig. 2. SARS-CoV-2 S reduces surface level of GLUT1. (A) Compared with GFP, GFP-S but not GSP-S-T1238A mutant reduced the surface level of GLUT1. HeLa cells transfected 

with constructs expressing Flag-tagged GLUT1 with GFP-tagged SARS-CoV-2 S, T1238A mutant of SARS-CoV-2 S, or GFP were stained with HA antibody. GLUT1-HA is in red. 

SARS-CoV-2 S, T1238A mutant of SARS-CoV-2 S, and GFP are in green. Nucleus stained with DAPI is in Blue. Scale bar: 10 μM. Relative GLUT1 intensity was normalized by 

quantifying at least 20 cells through Image J. ∗∗ , p value < 0.01; ns, no significance. (B) Model of how SARS-CoV-2 S inhibits GLUT1 transport mediated by SNX27. Endocytic 

recycling of GLUT1 is mediated by SNX27. SARS-CoV-2 S could inhibit plasma membrane targeting of GLUT1 by competing of GLUT1 and Vps26A for their association of 

SNX27, leading to the reduction of GLUT1. 
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eduction, which could help the treatment of some Long COVID 

iseases. 
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