Gut virome orchestrates nitrogen partitioning
between the host and microbiome
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Q:% Low-Protein Malnutrition and Impaired Growth

Q4ni @) SYMPTOMS OF PROTEIN
' =" ENERGY MALNUTRITION

» WEIGHT LOSS

» MUSCLE WASTING

» FATIGUE AND WEAKNESS
» EDEMA

» DIARRHEA

» ANEMIA

 PEM is associated with childhood stunting and impaired development.

 PEM-associated diets are high in carbohydrates and low in protein.

www.brahmhomeo.com/disease-details/protein-energy-malabsorption-/292
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Qé Gut Microbiota in Nutrient Metabolism: Upstream Drivers Remain Unclear
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Host—microbiota interactions support nutrient metabolism and host nutrition.

* Malnutrition is associated with gut microbiota dysbiosis.
* Dysbiosis may impair nutrient utilization and host growth.

Microbiota-based strategies can improve protein utilization.

Michael ] Barratt, Tahmeed Ahmed. Cell Host Microbe (2022); Robert Y. Chen, B.S. The New England Journal of Medicine (2021)



* Phages regulate bacteria mainly through two
mechanisms:

_+ Bacterial lysis: Lysis of dominant bacteria

alters nutrient flow within the microbial

A —Phage DNA __ Phage genome community.
~JBacterial DNA  integration

Lysogeny

Pseudolysogenic life cycle

Auxiliary metabolic genes (AMGs): Phage-

encoded AMGs can modulate host bacterial
Lytic phage or temperate phage

"\ Plasmid-like phage genom
/' Unfavourable environment

Pseudolysogeny

metabolism.

« Scientific question: Can dietary factors regulate
phage—bacteria interactions and thereby
influence bacterial metabolism and host nutrient

utilization?

Cao, Z., Sugimura, N.. EBioMedicine (2022).
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Adequate protein intake promotes lytic
phage-mediated bacterial lysis, releasing
microbial nitrogen available to the host.
Protein restriction favors lysogenic
maintenance, reducing bacterial lysis and
nitrogen release.

Protein restriction enriches carbohydrate
metabolism-related AMGs, alters bacterial
metabolism, and impairs urea nitrogen

recycling.



«{'LPD Alters the Gut Virome and Impairs Nitrogen Recycling
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Fig.1. LPD impairs growth and alters the gut virome.



Q:% LPD Alters the Gut Virome and Impairs Urea Nitrogen Recycling
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Fig.1. LPD impairs growth and alters bacterial metabolic functions.

Carbohydrate metabolism-related
AMGs are enriched in the LPD
virome, suggesting viral
involvement in gut carbohydrate
metabolism.

LPD increases fecal urea
nitrogen and decreases serum
urea nitrogen, accompanied by

reduced urea-degrading bacteria.
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Fig.2. LPD-derived virome transplantation impairs recipient growth.

« LPD-derived virome transplantation partially recapitulates growth impairment

in ND mice, reducing body weight, body length, and femur length.



cQ-Derived Virome Transplantation Impairs Urea Nitrogen Recycling
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LPD-derived virome transplantation impairs urea nitrogen recycling.

LPD-derived virome transplantation
alters the recipient gut microbiota,
enriching carbohydrate-utilizing taxa
such as Acetatifactor.
Acetatifactor-associated prophages
carry carbohydrate metabolism-
related AMGs, including pgm and
pfkA, alongside reduced urea-

degrading bacteria.



Q:END-Derived Virome Transplantation Improves LPD Mouse Growth
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Fig.3. ND-derived virome transplantation improves LPD mouse growth.

« ND-derived virome transplantation improves growth impairment in LPD mice.
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QéVirome Transplantation Fails to Restore Microbial Urea Nitrogen Recycling
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Fig.3. Virome transplantation fails to restore microbial urea nitrogen recycling in LPD mice.

FN did not restore gut microbiota diversity or composition to ND levels.
FN did not restore microbial urea nitrogen recycling.

Serum urea nitrogen increased without a significant decrease in fecal urea nitrogen.



Greater Lytic Pressure on Gut Bacteria in ND Mice
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Fig.4. Higher viral abundance in ND feces imposes stronger lytic pressure on LPD bacteria.

ND had ~2-fold higher viral particle abundance than LPD.
LPD had fewer membrane-compromised bacteria, consistent with lower free phage

abundance and higher bacterial load.



Q:f?Higher Phage Lytic Pressure Promotes Bacterial Protein Release
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Fig.4. Higher phage lytic pressure promotes bacterial protein release.

ND-derived phages showed
stronger lytic activity against
LPD-associated bacteria,
Increasing membrane damage.
ND-derived phages promoted
greater bacterial protein
release, with 2xLPD showing

an intermediate effect.



Mouse Growth Correlates with Phage Lytic Activity
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Fig.5. Effects of virome preparations with different abundances on recipient mouse growth.

ND-derived virome improved LPD mouse growth, whereas LPD-derived virome showed the

poorest growth, with 2xLPD and co-housing showing intermediate phenotypes.



Phage-Released Bacterial Protein Supports Host Nutrition

Fig.5. High-dose virome transplantation increases bacterial-derived threonine and histidine.
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Summary

O Normal Diet: Phages promote bacterial lysis and microbial protein release, facilitating

microbial nitrogen transfer to the host.

O Low-Protein Diet: Nutritional stress suppresses phage release, reducing free phage
abundance and bacterial lysis. This increases bacterial load, enhances carbohydrate
metabolism, and impairs urea nitrogen recycling, leading to microbial nitrogen retention

and limiting host nitrogen utilization and growth,

Shujie Xu, Xianglin Fei, Fengqing Lin, Wenzi Wu, Jiachen Zhuang, Qiufen Mo, Xiuan Zhan, et al. 2026.
Gut virome orchestrates nitrogen partitioning between the host and microbiome. iMeta 5: €70177.
https://doi.org/10.1002/imt2.70177



https://doi.org/
https://doi.org/

iMetaOmics

Volume 1+ Issue 1 = 2024

L

“‘iMeta” launched in 2022 by iMeta Science Society, impact factor (IF)
innovative and high-quality papers with broad and diverse audiences. Its scope is similar to Cell, Nature and Science. Its unique
features include video abstract, bilingual publication, and social media with 800,000 followers. Indexed by SCIE/ESI, PubMed,
Google Scholar etc.

“iMetaOmics” launched in 2024, indexed by ESCI, PubMed, Google Scholar, with a target IF>15, and its scope is similar to
Nature Communications, Science Advances, Advanced Science, Nucleic Acids Research, etc.

“‘iMetaMed” launched in 2025, with a target IF>15, similar to Med, Cell Reports Medicine, eBioMedicine, eClinicalMedicine etc.

Society: http://www.imeta.science office@imeta.science
Publisher: https://wileyonlinelibrary.com/journal/imeta iMetaScience imetao'mics(a')imeta science
iMeta: https://wiley.atyponrex.com/journal/IMT2 ) ® ~ U dat
Submission: iMetaOmics: https://wiley.atyponrex.com/journal/IMO2 : : A , ) pdate
iMetaMed: https://wiley.atyponrex.com/journal/IMM3 0 iMetaScience . ‘ Promotion Video 2026/6/17



https://onlinelibrary.wiley.com/journal/2770596x
https://jcr.clarivate.com/jcr-jp/journal-profile?journal=IMETA&year=2024
https://www.ncbi.nlm.nih.gov/pmc/journals/4576/
https://scholar.google.com/citations?user=u181x38AAAAJ
https://onlinelibrary.wiley.com/journal/29969514
https://mp.weixin.qq.com/s/ug6SjwHbxqCUDLQjaADC6g
https://pmc.ncbi.nlm.nih.gov/journals/?term=%22iMetaOmics%22
https://scholar.google.com/citations?user=lr2U-zsAAAAJ
https://scholar.google.com/citations?user=lr2U-zsAAAAJ
https://onlinelibrary.wiley.com/journal/3066988x
http://www.imeta.science/
https://wileyonlinelibrary.com/journal/imeta
https://wiley.atyponrex.com/journal/IMT2
https://wiley.atyponrex.com/journal/IMO2
https://wiley.atyponrex.com/journal/IMM3
mailto:office@imeta.science
mailto:imetaomics@imeta.science
https://youtu.be/e8qLEQHorV4
https://x.com/iMetaScience
https://www.facebook.com/iMetaScience

	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17

