Supplementary Fig 1 Psychological stress increases the susceptibility to respiratory viral infection.  
(A-C) Six-week-old male C57BL/6J mice were subjected to chronic restraint stress (Stressed) or Non-stressed for 28 days. Depression-associated properties were analyzed. (A) Alteration in body weight; (B) Murine immobility time analyzed by tail suspension test (TST) and (C) Forced swimming test (FST), respectively; (D, E) Stressed or Non-stressed mice were further infected or uninfected with IAV. qPCR assay of (D) IFN-β, (E) IL-1β, IL-6, TNF-α and IL-10 in the lung of Stressed or Non-stressed mice. Data from one of three individual experiments are shown as means ± SD. *P < 0.05, **P < 0.01 by Student’s t test.
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Supplementary Fig 2 Psychological stress alters gut microbiome composition and metabolites
Stressed or Non-stressed (NS) mice were subjected to IAV infection for 3 d, and fecal microbiome and serum samples were collected for analysis. (A) Relative abundance of intestinal microbiota at Phylum level; (B) Serum level of glutamine and glutamate; (C) Serum level of key intermediates of TCA cycle. Data from one of three experiments are presented as means ± SD. *P < 0.05, **P < 0.01 by Student’s t test.
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Supplementary Fig 3 Psychological stress affects abundance and function of alveolar macrophages
(A) Gating strategy used to identify myeloid-cell subsets in BALF. Flow cytometric of AMs (CD45+CD11b-CD64+CD11c+SiglecF+), neutrophils (CD45+CD11b+Ly6G+) and monocyte-derived macrophages (CD45+CD11b+F4/80+). Shown are representative images; (B) The proportions of AMs, mono/macrophages in BALF; (C) qPCR assay of cytokines indicated in AMs from stressed and non-stressed mice with infection or uninfection with IAV. Data from three individual experiments are shown as means ± SD. *P < 0.05, **P < 0.01 by Student’s t test. 
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Supplementary Fig. 4 GABA promotes AMs persistence and metabolic fitness during IAV infection
(A-C) MH-S cells were treated with GABA as described in Fig. 5A. (A) BrdU- incorporation assay of proliferating AMs; (B) Apoptotic rate of AMs; (C) Seahorse analysis of mitochondrial oxygen consumption rate (OCR). Oligo, oligomycin; FCCP, carbonyl cyanide-p-trifluromethoxyphenylhydrazone; R/A, rotenone and antimycin A. (D) AMs with or without GABA treatment were adoptively transferred into stress-primed mice, followed by IAV infection (500 pfu/mice, i. t.), as described in Fig. 5H. Total cell numbers and the proportion of neutrophils in BALF. Data from three individual experiments are shown as means ± SD. *P < 0.05, **P < 0.01 by Student’s t test.
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Supplementary Fig. 5 Psychological stress disturbs TCA cycle and enzymes.  
(A-H) qPCR assay of key enzymes in the TCA cycle in AMs from Stressed or Non-stressed mice with or without IAV infection. Data from three individual experiments are expressed as means ± SD. *P < 0.05, **P < 0.01 by Student’s t test.
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Supplementary Fig. 6 DM-αKG improves stress-exacerbated viral pneumonia. C57BL/6J mice (n=5) were subjected to CRS or Sham for 28 days, and then inoculated with DM-αKG (500mg/kg body weight, i.t.) or vehicle for 5 consecutive days prior to IVA infection (500 pfu/mice, i. t.). (A) The simplified experimental scheme; (B) Flow cytometry of AMs in BALF; (C) Total cell numbers and percentage of neutrophils; (D) Protein concentration in BALF; (E) qPCR assay of the indicated cytokines in the lung; (F) H&E staining of lung tissues. Scale bar, 200 μm; (G) Viral loads in BALF; (H) IFN-β level in lungs. Data from one of two experiments are presented as means ± SD. *P < 0.05, **P < 0.01 by Student’s t test.
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Supplementary Table 1 Sequences of Quantitative PCR primers
	Gene
	Primer (5’→3’)

	β-actin
	F: CTCATGAAGATCCTGACCGAG

	1) 
	R: AGTCTAGAGCAACATAGCACAG

	il-1β
	F: GAAATGCCACCTTTTGACAGTG

	2) 
	R: TGGATGCTCTCATCAGGACAG

	il-6
	F: CCACTTCACAAGTCGGAGGCTTA

	
	R: AGTGCATCATCGTTGTTCATAC

	tnf-α
	F: AAGGCCGGGGTGTCCTGGAG

	
	R: AGGCCAGGTGGGGACAGCTC

	ifn-β
	F: CAGCTCCAAGAAAGGACGAAC

	
	R: GGCAGTGTAACTCTTCTGCAT

	il-10
	F: GCTCTTACTGACTGGCATGAG

	
	R: CGCAGCTCTAGGAGCATGTG

	idh2
	F: GGAGAAGCCGGTAGTGGAGAT

	
	R: GGTCTGGTCACGGTTTGGAA

	ogdh
	F: GTTTCTTCAAACGTGGGGTTCT

	3) 
	R: GCATGATTCCAGGGGTCTCAAA

	sdha
	F: GGAACACTCCAAAAACAGACCT

	4) 
	R: CCACCACTGGGTATTGAGTAGAA

	ssadh
	F: CGGTCAAGGAGAGGAGCTTAC

	5) 
	R: GGACTAGCCCTCGCTTATCTTT

	gls
	F: CTACAGGATTGCGAACATCTGAT

	
	R: ACACCATCTGACGTTGTCTGA

	gs
	F: TGAACAAAGGCATCAAGCAAATG

	6) 
	R: CAGTCCAGGGTACGGGTCTT

	glud1
	F: CCCAACTTCTTCAAGATGGTGG

	
	R: AGAGGCTCAACACATGGTTGC

	mafb
	F: TTCGACCTTCTCAAGTTCGACG

	
	R: TCGAGATGGGTCTTCGGTTCA

	pparγ
	F: TCGCTGATGCACTGCCTATG

	
	R: GAGAGGTCCACAGAGCTGATT

	bcl6
	F: CCGGCACGCTAGTGATGTT

	
	R: TGTCTTATGGGCTCTAAACTGCT

	cebpβ
	F: TACGAGCCCGACTGCCTG

	
	R: TCGGAGAGGAAGTCGTGGTG

	bhlhe40
	F: ACGGAGACCTGTCAGGGATG

	
	R: GGCAGTTTGTAAGTTTCCTTGC

	bhlhe41
	F: TGTGTAAACCCAAAAGGAGCTT

	
	R: TGTTCGGGCAGTAAATCTTTCAG

	sirt1
	F: GCTGACGACTTCGACGACG

	
	R: TCGGTCAACAGGAGGTTGTCT

	ahr
	F: AGCCGGTGCAGAAAACAGTAA

	
	R: AGGCGGTCTAACTCTGTGTTC

	rxra
	F: ATGGACACCAAACATTTCCTGC

	
	R: CCAGTGGAGAGCCGATTCC

	bach2
	F: TCAATGACCAACGGAAGAAGG

	
	R: GTGCTTGCCAGAAGTATTCACT

	foxo1
	F: CCCAGGCCGGAGTTTAACC

	
	R: GTTGCTCATAAAGTCGGTGCT

	bcl2
	F: GTCGCTACCGTCGTGACTTC

	
	R: CAGACATGCACCTACCCAGC

	bak1
	F: CAACCCCGAGATGGACAACTT

	
	R: CGTAGCGCCGGTTAATATCAT

	bad
	F: AAGTCCGATCCCGGAATCC

	
	R: GCTCACTCGGCTCAAACTCT

	tfam
	F: ATTCCGAAGTGTTTTTCCAGCA

	
	R: TCTGAAAGTTTTGCATCTGGGT

	klf2
	F: CTCAGCGAGCCTATCTTGCC

	
	R: CACGTTGTTTAGGTCCTCATCC

	klf4
	F: GTGCCCCGACTAACCGTTG

	
	R: GTCGTTGAACTCCTCGGTCT

	c-myc
	F: ATGCCCCTCAACGTGAACTTC

	
	R: CGCAACATAGGATGGAGAGCA
















Supplementary Table 2 Sequences of Quantitative PCR primers
	Species
	Primer (5’→3’)

	universal bacteria
	F: ACGTCRTCCMCNCCTTCCTC

	7) 
	R: GTGSTGCAYGGYYGTCGTCA

	L. plantarum
	F: GCTGGCAATGCCATCGTGCT

	8) 
	R: TCTCAACGGTTGCTGTATCG

	L. paracasei
	F: CAATGCCGTGGTTGTTGGAA

	
	R: GCCAATCACCGCATTAATCG

	L. reuteri
	F: GATTGACGATGGATCACCAGT

	
	R: CATCCCAGAGTGATAGCCAA

	16S rRNA
	F: TGAGTGCTAAGTGTTGGAGG

	
	R: ACATCTCACGACACGAGCTG

	gad
	[bookmark: OLE_LINK240]F: CGATTCCCATGCTTATTC

	
	R: TTGCGGAAATGTAACTGC




2

image4.tiff
ssC —

DMSO GABA 1AV GABA/IAV = ouso owso
23 56
449 572 032 15.1 Ze g
3 "
i £,
ralrs Gl ¢
i AV = Uni
Brdy ———*
Oligo FCCP  R/A
»‘?24 l -= DMSO W DMSO
£ 20 l + GABA B GABA
> - AV ‘E“ZSCI Basal HZSH ‘Maximal
2 160 ~ cABAIAY £ 200 . § 200 ..
= 120 3 150 2 10 I
£ g 210 x 100
% a0 & 50 8 =
(S S o o
0 20 40 60 80 100 Uni 1AV uni AV

Time(min)

.

il i

Ctrl AMs GABA-AMs Ctrl AMs GABA-AMs

Total cell numbers
BALF (x10%)

in

Neutrophils %
(CD45" Gated)
B 3





image5.tiff
uuuuuu

uuuuuuuuuuuuuuuuuuuuuuuuu

uuuuuuuuuuuuuuuu





image6.tiff
(wBrl) 47vg
usloud je1o)

" (pateo ,5v00)
9% siiydonnan

(g01) 4Tva ur
Siaquinu (120 [ejoL.

]
a—

IERER)
" (P39 ,5va0)
% WY

Day 33 Day36

AV sacrifice

aKG
|
Day 28

restrained

Day0

Crl CRS CRS/aKG.

Ctrl CRS CRS/aKG

Cirl CRS CRS/aKG

Ctil CRS CRS/aKG.

Ctrl CRS CRS/aKG

(spiog) yNHW d-NdI

Ctrl CRS CRS/aKG

(lwmydeo1 )
) peoj eIn

Ctl GRS CRS/aKG

L
(SPI0y) YNYW B-INL

Ctrl GRS CRS/aKG

—_
=
]

FEN)
(sp1oy) YNYW o1

$ER &7

(SPioy) YN 6171

Ct CRS CRS/aKG.

£
p N
L —





image1.tiff
A

o]
O
w]

-+ Non-stressed * Non-stressed

= Stressed = Stressed
0 — 240 * — 250 * % 4o
5 @ - @ . 0
228 0 220 @ 200 °
= A S
5%* ] . = £l O <
Q2 oz oz - Z
B = 10 H U= 0] [0
T 3 . 3 £
° ) [} @ 10
3 5 £ 160 £ 5o :
@ £ £ z
18+ = 140 T T = o Lo
0 4 8 1216 20 24 28 day NS Stressed NS Stressed Uni
E
 Non-stressed
= Stressed _
G40 gt . @ 10 - Z o
5 = 3 - 3 . 2
L S5 < 8 L
< < 3 <
PR O Y 4 . F
3 * 4 E ¢ €
= 10 E ﬁ 3, 5
< @ L e
i 3 L £, % ol
Uni IAV Uni IAV Uni 1AV Uni





image2.tiff
Rolative abundance

“Top taxonomy distribution at Phylum level

NS Stressed NS/IAV Stressed

Bacteroidetes
Fimicutes
P

mothers.

1AV

g &

Glutamine (pg/mi)
g

Pyruvate (ugimi)

<

AN

Fumarate (ug/mi)

Nonstressed
Stressed

uni

Non-stressed
Strossed

Uni

Non-stressed
Stressed

1AV

1AV

« Nonsressed
ron Sossos
£
Em
Ew
2
S
-
3
U A
+ Nonstressed Nonstessed
© Stewsed © Stewod
“ s
2, H
o
s £ oom
&- 5
Uni 1AV Uni 1AV
« Non sressed
- Stossea

Malate (ug/mi)
e
Tew
¥





image3.tiff
A Uni 1AV

@

808

g &
97.2

CD84 APC
Siglec F PE

619

re

cp4s PE-Cy7l \cm 1b PerCP-Cy5.5 cpi1cFITC

iy — —|
coas PE—Cy?l \cm 1b PeICP-Cy5 5 co11cFITG

o -
o o )

o 8 £ g

H g g

g 2 H e

i E

— cercr
CD11b PerCP-Cy55  CD11b PerCP-Cy5.5 SOUPPICRDRS G0N Pacrorss
R on stessos

« Non-strossed
= Strossed

» Stiessed Strossod

o g g 2w g -
Bw s kS L. e
= 8w s 3 S H Sw
B S S 2= H
T g™ & E =
2 E 3 ﬁ 5w E
el 3 2olme £ 3.
Uni 1AV - Uni 1AV Uni 1AV Uni 1AV - Uni 1AV




