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Supplementary Figure 1. Dynamin-dependent endocytosis of influenza A virus and entry into early 
endosomes expressing NOX2 oxidase. 
(A, B) Confocal microscopy of WT mouse primary alveolar macrophages that were infected with the HKx31 strain of 
influenza A virus (MOI of 10 at various time points) in the absence and presence of the dynamin inhibitor, Dynasore 
(100 µM), and then labeled as indicated with antibody to influenza A virus nucleoprotein (NP) and 4’,6’- diamidino-2-
phenylindole (DAPI) (n=5). (C) Alveolar macrophages infected with influenza A virus as in A), and then labeled with 
the early endosome antigen 1 (EEA1) antibody and NOX2 antibody. (D) WT and NOX2-/y alveolar macrophages were 
labeled with the NOX2 antibody and DAPI. (A-D) Images are representative of > 100 cells analysed over each 
experiment. Original magnification X100. Data are shown as mean ± SE. One-way ANOVA followed by Dunnett’s 
post hoc test for multiple comparisons. * P<0.05 compared to control. 
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Supplementary Figure 2. Influenza A viruses induce dose-dependent elevations in endosomal NOX2 oxidase-
dependent ROS production. 
(A, B) Endosomal ROS production in wild-type (WT) mouse primary alveolar macrophages as assessed by 
OxyBURST (100 µM) confocal fluorescence microscopy in the absence or presence of various doses of HKx31 virus 
(MOI of 0.1, 1 and 10) and labeled with DAPI (n=5). (C, D) Endosomal ROS production following infection with the 
HKx31 virus in alveolar macrophages taken from superoxide dismutase 3 deficient (SOD3-/-) mice (n=5). (E, F) 
Endosomal ROS production in WT alveolar macrophages following infection with the BJx109 virus (n=6). (G)  
Influenza nucleoprotein fluorescence in alveolar macrophages taken from NOX2-/y mice demonstrating that influenza 
internalization is unaffected by the expression of NOX2 (n=3). (H and I) Endosomal ROS production in H) NOX4-/- 
mouse primary alveolar macrophages or I) WT mouse primary alveolar macrophages treated with the NOX1 inhibitor 
ML171 (100nM) as assessed by OxyBURST fluorescence microscopy in the presence of HKx31 virus and labeled 
with DAPI (n=5). (J) Phagosomal ROS production to Streptococcus pneumoniae (Sp) as assessed by OxyBURST 
fluorescence microscopy in WT or SOD3-/- alveolar macrophages (n=3). (A, C, E, G, H, I, J) Images are 
representative of >100 cells analysed over each experiment. Original magnification X100. All data are represented as 
mean ± SEM. (B and D) One-way ANOVA followed by Dunnett’s post hoc test for multiple comparisons. * P<0.05 
comparisons indicated by horizontal bars. **P<0.01. (F) Unpaired t-test; statistical significance taken when the 
P<0.05. ** P<0.01 
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Supplementary Figure 3. Endosomal ROS production to influenza A virus is dependent on MyD88 but 
independent of RIG-I, NLRP3, TLR2, TLR3, and TLR4.    
(A) TLR7-/- immortalized bone marrow-derived macrophages (BMDMs) were infected with HKx31 influenza A virus 
((MOI of 10) and then stained with anti-TLR7 antibody and anti nucleoprotein (NP) antibody, and then DAPI (n=3). 
(B) MyD88-/- immortalized BMDMs were infected with HKx31 influenza A virus ((MOI of 10) or exposed to imiquimod 
(10 µg/mL) and endosomal ROS production was assessed by OxyBURST (100 µM) fluorescence microscopy (n=3). 
(C) Phorbol-dibutyrate-stimulated, NOX2 oxidase-dependent superoxide production in WT, TLR7-/- and MyD88-/- 
immortalized bone marrow-derived macrophages measured by L-O12 (100 µM)-enhanced chemiluminescence (n=3); 
RLU/s= relative light units/sec. (D-G) Endosomal ROS production in WT, RIG-I-/-, TLR7-/-, and NLRP3-/- and F) TLR4-/- 
or G) TLR2-/- BMDMs, as assessed by OxyBURST fluorescence microscopy in the absence or presence of HKx31 
virus and co-labeled with DAPI (n=3-5). (H) WT mouse primary alveolar macrophages were infected with HKx31 virus 
(MOI of 10) in the presence of the TLR3 inhibitor (50 µM, n=3). (I) WT mouse primary alveolar macrophages were 
treated with imiquimod (10µg/mL) for 60 mins and mitochondrial superoxide measured by MitoSOX confocal 
fluorescence microscopy and co-labeled with DAPI (n=3). (A, B, D, F, G, H and I) Images are representative of >100 
cells analyzed over each experiment. Original magnification X100. All data are represented as mean ± SEM. (E) One-
way ANOVA followed by Dunnett’s post hoc test for multiple comparisons. * P<0.05 and **P<0.01 comparisons 
indicated by horizontal bars. (F) Unpaired t-test; statistical significance taken when the P<0.05.  



 4 

 
 

 

Supplementary Figure 4. Single stranded RNA (ssRNA) drives IL-1β , TNF-α  and IL-6 mRNA expression via a 
TLR7-dependent mechanism in macrophages.  
WT and TLR7-/- immortalized bone marrow derived macrophages were treated with ssRNA lyoVec (100 µM) and 
cytokine expression was determined by QPCR after 24 h. Kruskal-Wallis test with Dunn’s post hoc for multiple 
comparisons. All data are represented as mean ± SEM. Statistical significance was taken when the P<0.05 (n=6).  
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Supplementary Figure 5. Influenza A virus and imiquimod trigger ERK1/2-phosphorylation in a TLR7-
dependent manner whereas ERK does not contribute to activation of NOX2 oxidase.  
(A) Cytosolic ERK activity as assessed by high content ratiometric FRET imaging analysis in WT and TLR7-/- 
immortalized bone marrow-derived macrophages (BMDMs). Cells were either treated with vehicle controls or with 
bafilomycin A (Baf-A; 100 nM) or Dynasore (Dyna; 100 µM) and then exposed for 25 min to HKx31 influenza A virus 
(MOI of 10) or imiquimod (imiq; 10 µg/ml).All data are represented as mean ± SEM (n=3). (B) Endosomal superoxide 
production to HKx31 influenza A virus in WT alveolar macrophages as assessed by OxyBURST (100 µM) 
fluorescence microscopy in the absence or presence of the MEK inhibitor PD98059 (30 µM). (C) 
Immunofluorescence microscopy for assessment of NOX2 and p47phox association. WT immortalized BMDMs were 
infected with HKx31 virus, (MOI of 10) in the presence of PD98059 (30 µM) and then labeled with antibodies to NOX2 
and p47phox. All images are representative of >100 cells analyzed over each experiment. Original magnification 
X100. (n=4). 
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Supplementary Figure 6. Effect of NOX2 oxidase inhibition on cytokine expression by TLR3 agonist, poly I:C.  
or TLR9 agonist CpG. WT immortalized bone marrow derived macrophages were treated with A) poly I:C (25 
µg/mL) or B) CpG (10µg/mL) in the absence or presence of apocynin (Apo; 300 µM) and cytokine expression was 
determined by QPCR after 24 h (n=6). Responses are relative to GAPDH and then expressed as a fold-change 
above controls. All data are represented as mean ± SEM. Kruskal-Wallis test with Dunn’s post hoc for multiple 
comparisons. Statistical significance was taken when the P<0.05. * P<0.05. 
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Supplementary Figure 7. TLR7-dependent cytokine production to imiquimod is unaffected by endosomal 
superoxide production.  
WT immortalized bone marrow derived macrophages were treated with imiquimod (Imiq; 10 µg/mL) in the absence or 
presence of superoxide dismutase (SOD; 300 U/mL) and cytokine expression was determined by QPCR after 24 h. 
Responses are relative to GAPDH and then expressed as a fold-change above WT controls. All data are represented 
as mean ± SEM. Kruskal-Wallis test with Dunn’s post hoc for multiple comparisons. Statistical significance was taken 
when the P<0.05. * P<0.05 (n=6). 
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Supplementary Figure 8. Catalase-dependent elevation in cytokine expression is suppressed by deletion of 
UNCB93 but not by TLR2 deletion.  
(A) WT and TLR2-/- immortalized bone marrow derived macrophages (BMDMs) were treated with catalase (1000 
U/mL) for 1hr and cytokine mRNA expression determined by QPCR after 24 h (n=6). (B)  WT and UNCB93-/- 
immortalized BMDMs were treated with catalase (1000 U/mL) for 1hr and cytokine mRNA expression determined by 
QPCR after 24 h (n=6). Responses are relative to GAPDH and then expressed as a fold-change above WT controls. 
All data are represented as mean ± SEM. Kruskal-Wallis test with Dunn’s post hoc for multiple comparisons. 
Statistical significance was taken when the P<0.05. * P<0.05. 
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Supplementary Figure 9 Multiple sequence alignment analysis demonstrating the position of all cysteine 
residues on human TLR7.  Individual sequences of human TLRs were obtained from NCBI GenBank protein 
databases with the following accession numbers TLR1 (CAG38593.1), TLR2 (AAH33756.1), TLR3 (ABC86910.1), 
TLR4 (AAF07823.1), TLR5 (AAI09119.1), TLR6 (BAA78631.1), TLR7 (AAZ99026.1), TLR8 (AAZ95441.1), TLR9 
(AAZ95520.1) and TLR10 (AAY78491.1) and then sequence alignment was performed with CLUSTAL OMEGA 
(EMBL-EBI). Shown in red dotted rectangular boxes are the cysteines on human TLR7 and the respective position 
indicated.  
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Supplementary Figure 10. Multiple sequence alignment analysis of vertebrate TLR7.  Individual sequences of 
TLRs were obtained from NCBI GenBank protein databases with the following accession numbers Salmo salar 
(CCX35457.1), Xenopus tropicalis (AAI66280.1), Gallus gallus (ACR26243.1), Mus musculus (AAI32386.1), Rattus 
norvegius (NP_001091051.1), Homo sapiens (AAZ99026.1), Sus scrofa (ABQ52583.1) and Bos taurus 
(NP_001028933.1) and then sequence alignment was performed with CLUSTAL OMEGA (EMBL-EBI). Shown in red 
dotted rectangular boxes are the cysteines on human TLR7 and the respective position indicated.  
    

 

 

 

 

 

 

 



  
 
 
Supplementary Figure 11. Influenza A virus causes interferon regulatory factor 7 (IRF-7) nuclear 
translocation via a TLR7-dependent mechanism.  
(A) Immortalized bone marrow macrophages from WT or TLR7-/- mice were either left untreated or infected with 
HKx31 influenza A virus (HKx31, MOI of 10) for various times as indicated and then labeled with the IRF-7 
antibody and 4’,6’- diamidino-2-phenylindole (DAPI). Images are representative of >100 cells analyzed over 4 
separate experiments. Original magnification X100. All data are represented as mean ± SEM. One-way ANOVA 
followed by Dunnett’s post hoc test for multiple comparisons. *P<0.05 compared to WT controls. #P<0.05 - 
comparison indicated by horizontal bar. 
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Supplementary Figure 12. Scrambled cholestanol-conjugated gp91ds-TAT failed to influence influenza A 
virus dependent pathology in vivo. 
Scrambled gp91ds-TAT (Sgp91; 0.02mg/kg/day) was delivered intranasally to WT mice once daily for 4 days. At 
24h after the first dose of inhibitor, mice were infected with HKx31 influenza A virus (1×105 PFU per mouse). Mice 
were culled at day 3 post-infection and (A) body weight, (B) airway inflammation was assessed by BALF cell 
counts, (C) superoxide was measured from BALF inflammatory cells via L-O12 (100µM)-enhanced 
chemiluminescence, (D and E) lung IFN-β and IL-1β mRNA, respectively, was determined by QPCR and (F) viral 
load was determined by QPCR.  All data are represented as mean ± SEM, n=8.  
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Supplementary Table 1. Pairwise sequence alignment analysis of human TLR7 vs other members of the 
human TLR family and vs vertebrate TLR7.  Individual sequences of TLRs were obtained from NCBI GenBank 
protein databases with the indicated accession numbers and then sequence alignment was performed with Pubmed 
NCBI BLAST.  
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Supplementary Table 2:  List of primers and their sources and reference sequences. The influenza polymerase 
primers were custom synthesized and the sequences are shown.  

     
Gene Company Gene expression assay Catalog no.  Ref Seq 

Mouse IL-1β 
TaqMan Primer 

Applied 
Biosystems 

Mm00434228_m1 4331182 NM_008361.3 

Mouse CYBB 
TaqMan Primer 

Applied 
Biosystems 

Mm01287743_m1 4331182 NM_007807.5 

Mouse IFNB1 
TaqMan Primer 

Applied 
Biosystems 

Mm00439552_s1 4331182 NM_010510.1 

Mouse TNFα 
TaqMan Primer 

Applied 
Biosystems 

Mm00443258_m1 4331182 NM_001278601.1 

Mouse IL6 
TaqMan Primer 

Applied 
Biosystems 

Mm00446190_m1 4331182 NM_031168.1 

Mouse TLR7 
TaqMan Primer 

Applied 
Biosystems 

Mm00446590_m1 4331182 NM_016562.3 

Mouse GAPDH 
(X20) 

Applied 
Biosystems 

 4352339E  

Influenza 
polymerase 
forward  primer 

Applied 
Biosystems 

5′-
CGGTCCAAATTCCTGCTGA-3′ 

  

Influenza 
polymerase 
reverse  primer 

Applied 
Biosystems 

5′-
CATTGGGTTCCTTCCATCCA-
3-3′ 

  


