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Supplementary Figure 1. Gating strategy for flow cytometry analysis of murine MAIT cells and intes-
tinal MAIT cell analysis. Murine MAIT cells are identified by gating on the lymphocyte population then 
excluding doublets using forward scatter and side scatter properties; 7AAD-CD45+ live lymphocytes are 
gated and further selected as CD19-TCRβ+; auto-fluorescent cells are excluded using fluorescence in BV525 
and BV585 channels (which flank the BV421 channel used for MR1:5-OP-RU tetramer) and TCRβ+ T cells 
or TCRβ+, MR1:5-OP-RU tetramer+ MAIT cells are then gated as shown. This gating was used for all experi-
ments except for those shown in Supplementary Figures 6 and 10. (B) Representative FACS plots and (C) 
percentage of MAIT cells among TCRβ+ lymphocytes. (D) absolute numbers of MAIT cells and (E) 
non-MAIT T cells, in the small intestine IEL and LPL of C57BL/6 mice either uninfected or intravenously 
infected with 104 CFU F. tularensis LVS for 6 days. Data represent mean ± SEM. n=5 (naïve LPL) or 6 (all 
other samples) mice examined over 2 independent experiments. Multiple unpaired t-test (two-tailed). P 
values are indicated. ns: non-significant (Related to Fig. 1). Source data are provided as a Source Data file. 
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Supplementary Figure 2. MAIT cell accumulation during F. tularensis infection is 
MR1-dependent. WT (C57BL/6) mice were infected i.v. with 104 CFU F. tularensis 
LVS on day 0 and were injected i.p. four times with 0.25 mg anti-MR1 (8F2.F9) or 
isotype (3E12) antibodies on days -1, 1, 3, and 5. Absolute numbers of MAIT cells and 
non-MAIT αβ-T cells were assessed in the lung and liver at 6 dpi. Pooled data, mean ± 
SEM of n=6 (isotype) or n=7 (anti-MR1) mice per group from 2 independent experi-
ments with similar results. Multiple unpaired t-test, p values are indicated. ns; non-sig-
nificant (P>0.05). (Related to Fig. 1). Source data are provided as a Source Data file. 
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Supplementary Figure 3. Dose dependent expansion of MAIT cells in vivo by F. 
tularensis infection is similar via different infection routes. (A-D) Relative and abso-
lute number (mean ± SEM) of MAIT cells in liver, lungs, spleen, kidney and blood (200 
μl) from uninfected or infected mice with indicated doses of F. tularensis LVS at 14 dpi, 
(A) intravenously, (B) intratracheally, (C) intraperitoneally and (D) subcutaneously. 
Data show mean ± SEM and individual mice; n=3 mice. Experiment was repeated once 
with similar results. (Related to Fig. 1). Source data are provided as a Source Data file.
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Supplementary Figure 4. Representative flow 
cytometry plots showing intracellular cytokine 
staining for (A) TNF, (B) GM-CSF and (C) 
IL-17 of TCRβ+ lymphocytes (including MAIT 
cells: MR1:5-OP-RU tetramer+ and non-MAIT T 
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ed to Fig. 3). 
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Supplementary Figure 5. Cytokine production detected directly ex vivo, following 
F. tularensis infection. Representative flow cytometry plots (A, C, E, G) and cell 
percentage (B, D, F, H) showing intracellular cytokine staining for (A, B) IFNγ, (C, D) 
TNF, (E, F) GM-CSF and (G, H) IL-17 detected directly ex vivo (without in vitro stimu-
lation) in TCRβ+ lymphocytes (including MAIT cells: MR1:5-OP-RU tetramer+ and 
non-MAIT T cells: MR1-5-OP-RU tetramer–) after 4 h of culture with brefeldin A from 
liver, lungs, spleen and kidneys of uninfected mice and infected mice on 6, 14 and 100 
dpi with 2×104 CFU F. tularensis LVS i.v. Pooled data from 2 independent experiments 
with similar results (mean ± SEM) n=6-9 mice, as indicated. One-way ANOVA com-
paring percentages of cytokine producing MAIT cells or non-MAIT αβ-T cells at 
indicated time points post infection with the matching uninfected groups, P values 
<0.05 are indicated  (Related to Fig. 3). Source data are provided as a Source Data file. 
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Supplementary Figure 6. Expression of memory markers by MAIT cells during the course 
of F. tularensis infection. A. Gating strategy for MAIT-1 and CD8+ non-MAIT T cells analysed 
in (B). B. WT (C57BL/6) mice were infected i.v. with 104 CFU F. tularensis LVS. Representative 
FACS plots showing surface expression (one mouse per group) of IL-18R, CD127, CD49a, 
CD44, CD62L and CD69 on liver MAIT1 cells, or CD8 T non-MAIT T cells at indicated time 
points. One representative experiment is shown, from 2 experiments performed on independent 
occasions with similar results (n=5 for naïve or 60+ dpi (61 and 63 dpi in two experiments), n=3 
for 14 dpi). (Related to Fig. 1). 
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Supplementary Figure 7.  Clustering and quality control metrics for scRNA-seq of 
liver MAIT cells before and upon F. tularensis LVS infection. (A) UMAP representa-
tion of liver MAIT cells from naïve mice and mice at days 13 and 48 post infection prior 
to removal of clusters showing low quality control metrics, calculated using principal 
components (PC) 1–30. (B) Unsupervised clustering on a UMAP representation of liver 
MAIT cells. (C) Violin plots of the number of unique molecular identifier (UMI) 
transcripts, numbers of genes detected per cell, and percentage of mitochondrial genes 
detected per cell, with a filter of 200-4,000 expressed genes and less than 15% mito-
chondrial content). 
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Supplementary Figure 8. Mr1-/- mice that succumbed to infection had high bacteri-
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Supplementary Figure 9. Adoptive transfer of MAIT cells rescues WT C57BL/6 mice 
from fatal F. tularensis peritonitis in a dose dependent manner. (A) Schematic flow 
charts of enriching and sorting MAIT cells from donor wildtype C57BL/6 mice (upper 
chart). These cells were then adoptively transferred (i.p.) to recipient C57BL/6 mice 
(numbers indicated in B), followed by challenge with a lethal dose (10 CFU) of F. tularen-
sis LVS (i.p.). (B) Survival of C57BL/6 mice untreated or receiving 5x103, 5x104, or 5x105 
MAIT cells, after challenge with F. tularensis LVS. Log-rank test. n.s.: non-significant. 
(Related to Fig. 6 and 7). Source data are provided as a Source Data file. 
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Supplementary Figure 10. Innate cell responses to infection are minimally altered in Mr1-/- 
mice. (A) gating strategy. WT (C57BL/6) or Mr1-/- mice were infected i.v. with 104 CFU F. tularensis 
LVS. (B) Absolute numbers of innate immune cells (neutrophils (Ly6G+CD11b+), NK cells 
(NK1.1+CD49b+TCRβ-), macrophages (CD11c+F4/80+), CD11b+ and CD103+ DCs (MHCIIhigh-

CD11chigh), from the lung and liver (as indicated) were assessed at 3 and 5 dpi. n.d., not determined. 
Macrophages could not be accurately enumerated in the livers at day 5 due to their low numbers. 
Pooled data (mean ± SEM) from 2 independent experiments with similar results using 8 mice per 
group at each time point. Multiple unpaired t-test (two-tailed), p values are indicated (all others were 
non-significant;  p>0.05). (Related to Fig. 6 and 7). Source data are provided as a Source Data file.
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Supplementary Figure 11. Vaccination with 5-OP-RU and CpG specifically boosts MAIT cell num-
bers and confers systemic protection. Mice were immunised as depicted in Figure 8. (A) Total MAIT 
cells in the spleen from naïve (n=12) and vaccinated (n=15) mice (treated with CpG + 5-OP-RU), and (B) 
non-MAIT αβ-T cells in the lung (n=12 naïve, n=19 vaccinated), liver (n=13 naïve, n=19 vaccinated) and 
spleen (n=12 naïve, n=15 vaccinated). Pooled data from 3 independent experiments with similar results 
(mean ± SEM). Unpaired t-test (two-tailed), n.s.: non-significant. (C) Bacterial burden was assayed in the 
spleen from unvaccinated WT mice (open diamond), mock vaccinated WT mice (CpG only, open circle), 
vaccinated Mr1-/- mice (CpG + 5-OP-RU, open square) and vaccinated WT mice (CPG + 5-OP-RU, filled 
circle) at indicated time points post F. tularensis infection (2.5x104 CFU, i.v.). Pooled data from 3 indepen-
dent experiments with similar results (mean ± SEM, n=10 mice per group). One-way ANOVA on log-trans-
formed pooled data (Related to Fig. 8).  Source data are provided as a Source Data file. 
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T8-> D ALBBA>FBGBF D
T8-C ?LC>YNGB DLIHBBGHH?I ALAFYN>H
ZQ-Q)CD ALGAYNFGG DLH>H>B>HF> FLCAYNFGF
P-,8H ALAFYNF>D DLH>GACBHGH ALGHYNFCG
6'+1 GLG?YNAIC DLHCI?C>CBB ALDDYNAHI
[1#A HLDHYNAAC DLHCGIAF?C? ALFAYNADI
J=*"+ HLDAYNGB DL??>>DCDFB ALFDYN>H
VO1? D DL?CIH>A>G> D
\=+2 CLCDYNFHI DL?B>GFHCB GLGAYNFH>
6$1,C FLCHYNAHD DLGICAGDDDF BL?BYNA?G
T*"0A CLFBYNFF? DLG?>GG?DCB GLBGYNFFB
!.G, >LCCYNFDB DLG>IAFAH?H HLAIYNAII
!.G8F BLIAYNAFD DLGB?F?AGAG >LHHYNAAG
Z$1F HLC>YNA>G DLGA>DIAIBC ALF?YNA>A
6$1,A ?LDHYNAG> DLGD>BGFIFH ALD?YNAGD
]9BG?FB >LIDYNACC DL>IDI?BGHB HLH?YNACD
^FN_? AL>BYNFCD DL>C>??DC?C FLBDYNFBG
5`AAFDAD GLDGYNAH? DL>BDIHI>CC ILAAYNAHB
T$-,F, HLCHYNAA? DL>FBIC?IIF ALFHYNAAF
V,20A ILABYNABG DL>AGII>CHB ALB?YNABA
4#C,C2 ALFGYNAGA DL>ACAI>GAI ALIDYNA>?
]"9,0? ALC>YNA?B DL>ABBGAFDA FLAIYNAGI
6$12A CLB>YNADG DLCIGB?GHH GL>CYNADF
5+/,F BL?>YNA>D DLCHH?GHBCI >LGCYNACG
a-'G BLBAYN>B DLCH?>DCIGA CLI?YNCI
T8*> BLAFYNAFG DLC?IACADH? CL?DYNAFF
]9AC?AH ?LGGYN?I DLC?GFBBBH ALA>YN?C
7+',"0B >LFBYNADH DLC?>DIAAGI ?LH?YNADC
T(>F ALGBYNFCG DLCCHIAG?IF FLCGYNFCF
M)*0"+2I FLBGYNHI DLCCHCHCAIG BL>GYNH>
b)2F CL>BYNIH DLCCC>?DGIG GLHAYNIC
\=+( ALBIYNI> DLCBFGBHC>G FLDIYNIA
T$#( BL>BYNABB DLCFIGH>BIC >LBAYNAFI
T$#3 FLC>YNABF DLCF?AGCAGI BLGHYNAFH
K=#0> ?LHAYN?? DLCFBGB>HFH ALAHYN?F
]9FG>BF ILIDYN>F DLCFFAHCFG? ALCIYNC?
^8#$ ALCCYNA>D DLCABICHFHA FLAGYNACG
Y0#$"A AL>DYNAFF DLCAFH>B?>F FLF>YNAAH
M)*0"+,B1 AL>IYN?H DLCDHIHCFBI FLCDYN?C
]9HBGI CLCCYNIA DLCD?FHHDIC GLGHYNH?
6$1,- ALGBYNABB DLCDGGHDA>B FLC>YNAFI
]"9,0C ALG>YNAAH DLBIAHABGHC FLCHYNAAC
7*,'A BLBAYN?? DLBIA?IADIA CLI?YN?B
K+,X8A> CLIDYNAD> DLBHHI?>IHG ?LBHYNADA
MQB21*-B >LCHYNAGC DLBHG??CGCA HLF>YNAGD
55CG?AI? HLAHYNADH DLB?IDAD> ALFBYNADB
])9 FL?BYN>> DLB??DG?G>G CLAAYN>A
[20X ILH>YNGI DLB?G>FG?>G ALCHYNGC
a-*2A' BLCFYN?? DLB?BCHHF?> >LA>YN?B
[29B >LFIYNAD> DLBGH??BADA ?LIGYNADA
TQ#.A ALDFYNHH DLBGBAC?HFB AL>CYNHC
^FNaA ILA?YNAH> DLBGBDABAI> ALBHYNAHD
b'0BG-F ?LHGYNBH DLB>GDFHDIB ALAHYNBB
M0+ AL?DYN?> DLB>>GGGCH> FL>>YN?A
4#C,G2 GLDFYNIG DLB>C?DAC? ILD>YNIF
Z$1A FL?BYNAA? DLB>BCFAFB> CLAAYNAAB
a-*1A ?LB>YN?> DLBCFBIB??? ALAAYN?D
^FNKA HLFBYNAHH DLBCAHIFFHH ALFCYNAHB
]9A>C?F >LHHYN?H DLBB?A?GH?H HLH>YN?C
6$9F2 BL?AYNACF DLBB?DADGDH >L>HYNABH
Y'Q(F ALFHYN?H DLBBCCBGGDC ALIFYN?C
7/+A ALGFYNHH DLBBBCCHGDC FLCBYNHC
T(? ALHGYNCF DLBBFADCA>H FL?IYNBH
P+*8A FL?CYNI> DLBFIIGIF>> CLAFYNIA
5*,0F BLH>YNG> DLBFGA?CD?F >L?HYNGA
P'+A GLC>YNACI DLBF>IDGDAB IL?DYNAC>
V*C,F ALDCYNCI DLBF>GAC??? AL>?YNC>
]"9,0G BLFIYNHI DLBFDDHG>?B CLI>YNH>
^B'B2 ALD?YN?B DLBAG>BAD>> ALGAYNGI
]*,9(B AL?FYN?D DLBAG>FHIC> FL>HYNGG
T8*F ALB?YNGB DLBACD>DFDI FLDGYN>I
]9'1 FLD>YNHC DLBABFHHGAB BLDIYNHD
6-AH*,0 CLGDYN>> DLBAA>CDD?F GLIFYN>A
!,$ FL?>YN?> DLBDIIDDH>? CLACYN?A
5&0)0 HLB>YN?C DLBDIH?ICIB ALFGYNGI
T(AGD IL?AYN>D DLBDHAGBIDI ALCGYNC>
M-8BH,F BL?>YNC> DLBD?H?IFDI >LGCYNCA
P$0*8 AL>>YNAD> DLBDBDB?BHF FLBBYNADA
[,8F BLBFYNAAI DLBDAAFA>>A >LDDYNAA>
]+1F CL>AYNGC DLFIDG?IAB? GL?IYNGD
[&*, AL?>YN>B DLFHHGHCID> FLGFYNCI
^"'A, ALFIYN>D DLFH?IAB>IF ALICYNCG
M-,9'A CLGBYNGA DLFH???>FCI GLIGYN>?
J1-F BLG?YN>B DLFH?A?HG>B >L>FYNCI
],0(Q FL?GYN?I DLFHGG?IDH> CLA>YN?>
7*,$A ALH?YN>> DLFHGFDC??> FLHAYN>A
7Q)9"# HLGAYN>F DLFHA?CFGII ALFIYNC?
M0ADD >LGFYNGB DLFHADC?AA? HLCGYN>I
ZYGIFDD? FLH?YN>C DLF?HFGIDH CLBAYN>D
5Q+,O ALGHYNGH DLF?GBDG?F> FL>FYNGC
^&0/ CLCAYNGA DLF?C?FHBBC GLGCYN>?
]9AI>H> BLDHYN>? DLF?BIAI CLGCYN>B
J,#- ALFAYN>F DLF?B>I?DAI ALHBYNCH
M-,9'? >LGIYN>G DLF?DDHAAG? HL>GYN>F
58$2 CLA?YNII DLFGC?FHAFC GLF?YNI>
J/.(> BLDHYN?G DLFGDBDHDBG CLGBYN?F
T,#0A ALF?YN?C DLF>IFCDGFG ALIAYN?D
T(CD-1 ALBAYNBI DLF>HA?>B?F ALI?YNB>



T.2, ILI?YN?B DLF>?FBCDC> AL>DYNGH
M-8FD,A ALDAYNCF DLF>?DGABIG AL>FYNBH
T(G >LDCYNBI DLF>CDD?H>? ?L>IYNB>
ZF9 ALDDYNAAI DLF>FGCIFGA AL>DYNAA>
T(CH ALBBYNCC DLF>A>G?GG? ALIIYNCD
Z8-F HLB?YNA> NDLF>AACII? ALFGYNAD
a8+8A FLICYNAAF NDLF>AFHG>A CLCBYNADH
M98&C FL?DYNHH NDLF>FF>CB CLDGYNHC
M$"0A FLC?YN>H NDLF>FB?GA BL?AYN>C
J"-"0A- ?LIHYNGD NDLF>FCG?>H ALFDYN>>
6-A*A ALIGYNADD NDLF>FGHFDA FLI>YNIG
[0-A> BL>IYNI? NDLF>FIAHGC >LCDYNIB
6-F*2 HL>GYNAA NDLF>GHCHGH ALFIYNDG
[0-FB BLABYNAGH NDLF>?DIDIF CL?AYNAGC
M)#+A BLI>YNHG NDLF>HHDC? >LICYNHF
a-'C FLAAYNCF NDLF>IG>? BLA?YNBH

M)0NAA FLBHYNBA NDLFGDCIICH BL>?YNF?
[0-B>, FLDAYNA>B NDLFGDIH>?? BLDFYNACI
[188 HLGIYNBI NDLFGCA>>C ALBAYNBC
M,$2A ALG?YNBB NDLFGGGH>FH FL>AYNFI
[0-BF ALBCYNACF NDLFGHCADBA FLDAYNABH
[0-BA ILH>YNGI NDLFGIBC?FB ALCHYNGC
[0#AF HLA>YNABI NDLF?F?D?CH ALFBYNABC
[0#FI ALCFYNAI> NDLF?BDBC?B FLACYNAIA
9$NV(C FLGGYNADG NDLF?CDGDDG CLDDYNADF
^#0(A ALA?YN>D NDLF?GF>HA> AL?GYNCG
P00A*AC2 ALGAYNCI NDLF??CDIH? FLCAYNC>
[0#F?, ?LFDYNFDG NDLFHAHHIAC ALDHYNFDA
[0-0A ALH>YNAIC NDLFHAHIBCG FL?HYNAID
[0#H FL?IYNAG? NDLFHHGFH?H CLAIYNAGB
7)#0,A CLIDYN?G NDLFIDI?BAG ?LBHYN?F
^91+A >LAHYNHA NDLFIAAIGHB ?L?HYN??
Z-O HL??YNFHA NDLFICF>FH? ALBFYNF?G
a-*)A BLA>YNFD NDLFIC>DDBF CL?CYNAG
[0-AB GLBCYNFDG NDLFI?D>>B IL>BYNFDF
[0#AH GL>IYNFDF NDLBDAHCGHC ILIAYNAIH
^#0)A ALBDYNGH NDLBDG?DCFF ALIGYNGC
]8-8 >LBFYNGC NDLBDGIIHII HLDAYNGD
[0#AI CLBGYNA>> NDLBADA>FIA GL>>YNA>A
[0#A? BLAIYNAD> NDLBAAAGBA> CLHDYNADA
Zc3F GLHAYN?? NDLBAFFBAC ALDFYN?F
`-# ?LHDYNAHH NDLBAFGC>?I ALA?YNAHB
V$>) ALBBYNAIC NDLBAF?H>FF FLDAYNAID
[1#AD >LCHYNADH NDLBA?DC?HI HLFBYNADC
T,01 >LAGYNCH NDLBAHHCFA ?L??YNCC
b'0BG FLDIYNFD NDLBAIDB?AA BLACYNAG
a-'B CL>HYNII NDLBFFIFIHI GLHIYNI>
M&8#F BLDIYNADI NDLBF>AFI> CLGCYNAD>
[&*8 FLHCYNACG NDLBBDFHA>A CLFHYNACF
9$NV(> ALFHYNHH NDLBBA>?DG ALIBYNHC
6Oc'F ALIBYNHA NDLBBCGIC>B FLIDYN??
V(=',C FLDIYNADB NDLBBIFHHF? BLA>YNII
[0-FH HLBHYNABB NDLBCAI>FH ALFGYNAFH
MQB20> D NDLBCCD>IGG D
[0#FG FLFBYNACI NDLBCHDDGG? BLB>YNAC>
[)/&F FLIAYNGC NDLBCI?GGCI CLB?YNGD
Y)'A2F ?LI?YNA>B NDLB>DGGGB? ALFDYNACH
b'0BG-A BLDIYNBB NDLB>DIGGIB CLG>YNFI
[+'ACC, D NDLB>AB>?CC D
P()B2 BLCDYNH> NDLBGFF>B>G >LAAYNHA
9$NV(C- FLAAYNH? NDLBG>DFC> BLAHYNHB
6'+1*A HL>BYNC> NDLBG?GGH?H ALFHYNCD
[0-BG, HL>DYNA?H NDLB?AIDC>H ALFHYNA?B
]0/A ALFIYNG> NDLB?G??BGC ALICYNGA
a-*(A CLIIYNFG NDLB??DIBHB ?L>DYNFF
[0#FD CL>DYNFDB NDLBHDHF?C? GL??YNAII
4,' ALA?YNCH NDLBHADACGG AL?GYNCC
61'A* BL?BYN?I NDLBHBAA>BG >LGAYN?>
K+,X,A GLACYNAA> NDLCD>DG?I? ILFBYNAAA
a-*OA FLH?YN>I NDLCAFC>CHB CLBAYN>>
J&# AL>IYNBA NDLCCGCGA> FLBIYNF?
!.#$ HL??YN>G NDLC>FD>>GH ALBFYN>A
79)9GC FLCAYNAFF NDLCG?IBHB BLGFYNAAH
M)-)+&0 CLD?YNHI NDLC?FCGFA? GLAFYNH>
J&#2 BL?GYNFC NDLCIACABB> >LGGYNFD
[0-B> HLHFYNF?? NDL>GFABH?? ALBBYNF?F
!,*#F >LB>YNFFB NDL>?BDCAAC HLD>YNFAI
P/(8A ALFFYNF>A NDL>H>?DHB ALHBYNFC?
[,90A FLDBYNABF NDLGBB?BGBG BLDGYNAFH
6'"F?-F, GLH?YNAAG NDLGCDD>BFH ALDBYNAAA
9$N5$0H ALB?YNF>H NDLGGGB?F>? FLDGYNF>C
79)9A?G2 CL>?YNFCC NDL??DFIAGI GLHHYNFCD
]9CFCAH D NDLHDF>?GA? D
5dDBGAAH D NDLHA?DIB?C D
79)9A?G, ILCBYNBDH NDLHI>HGBDH ALCFYNBDB
!9&C GLC>YNFCH NDLIBIBDGGA IL?DYNFCC
6-?* ALAFYNA?A NDLI>ICG?>I ALGIYNAG?



Supplementary Table 3. Survival of cytokine-deficient mice with F. tularensis LVS 

infection. 

Mouse strain F. tularensis LVS infection dose (CFU, i.v.) 

10 100 400 1600 5000 10000 20000 

WT (C57BL/6)       20*/20¶ 20/20 

Tnf-/- 0/10 0/10 0/8 0/5    

Ifnγ-/- 0/10 0/10 0/5 0/5    

Gm-csf-/-  5/5 10/10 6/10 0/10 0/10  

Il-17-/-      10/10  0/10 0/10 

Mice proficient or deficient in cytokines known to be produced by MAIT cells were infected 

with indicated doses of F. tularensis LVS (i.v.) and monitored for survival (human endpoints 

as described in methods). *= number of mice survived, ¶= number of mice infected. Empty 

cells = not done. 

 


