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Supplementary Figures 

Figure S1 | Intracellular reporters. 

Nuclear translocation of the fusion proteins IRF-7-CFP and NF- /p65-YFP represent 

activation of signal transduction following virus recognition by RIG-I/Mda5. The BAC 

reporter IFN- -tGFP contains TurboGFP under control of the murine IFN- promoter and 

flanking regions. Within the BAC construct IRF-7-mCherry the mCherry gene is linked to 

the C-terminal end of the genomic IRF-7 sequence resulting in a fusion protein. The 

complete intron-exon organization of IRF-7 keeps intact. All reporter constructs were 

transfected into NIH3T3 cells and representative stable cell clones were used for the 

studies. 
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Figure S2 | Stochastic IFN- -tGFP expression in different cell clones. 

NIH3T3 cell clones expressing IFN- -tGFP (10  cells/ml) were infected with 80 HAU/ml 

NDV for one hour or left untreated. Flow cytometry for TurboGFP expression was performed 

18h  and 24h after stimulation. Frequencies of expression (mean, +/- SD) are shown. 
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Figure S3 | Extent of NDV replication and frequency of IFN- -tGFP expressing cells. 

NIH3T3 cells stably expressing the BAC construct IFN- -tGFP were infected with 40 

HAU/ml NDV for 1 hour. After 24 hours IFN- -tGFP reporter expression and intracellular 

NDV HN protein were detected by flow cytometry. The bimodal behaviour of HN 

intensity clearly shows a subdivision between cells with replicating virus (left diagram). 

We divided the infected cells into three fractions with respect to HN-expression. The 

subpopulations expressing low and high HN protein contain nearly the same fraction of 

tGFP-positive cells (38% and 36%, respectively). By comparison, the fraction of tGFP-

positive cells in the HN-negative population is negligible (6%) (right diagram). 
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Figure S4 | Induction of IFN-

not expressing IFN- -tGFP.  

(A) NIH3T3 cells stably expressing the BAC construct IFN- -tGFP were infected with 80 

HAU/ml NDV for one hour. After 20 hours tGFP positive (green marker line) and negative 

(grey marker line) populations were separated by fluorescence activated cell sorting. (B) 

Sorted cell populations were re-analyzed by flow cytometry for tGFP expression. (C) Total 

RNA was prepared from both populations. To exclude that total RNA of the tGFP positive 

cell population contains sufficient amounts of preexisting mRNA encoding for tGFP RNA  

from both populations were transfected into w.t. NIH3T3 cells using Lipofectamine 2000. 

24 hours after transfection cells were analyzed by flow cytometry. (D) The indicated 

amounts of total RNA from tGFP positive (green bars) and negative (grey bars) 

populations were transfected into IFN- -tGFP reporter cells. 24 hours after transfection 

cells were analyzed by flow cytometry for induction of the IFN-

used as a control (light grey bars). 



Figure S5 | Increase of IFN- -tGFP expressing cells over time after NDV 

synchronised infection. 

NIH3T3 cells stably expressing the BAC construct IFN- -tGFP were infected with 80 

HAU/ml NDV for one hour at 4 C (black line) and 37 C (grey line). Cells were 

extensively washed with cold or pre-warmed medium, respectively, pre-warmed medium 

was added to both cultures and cells were subjected to time-lapse microcopy in a 37 C 

incubation chamber. Pictures were taken every 20 minutes. The onset time points for IFN-

-tGFP expression in individual cells were determined at each time frame and the increase 

in the total number of tGFP-positive cells was plotted over time.  
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Figure S6 | Synchronous nuclear translocation of endogenous IRF-3 and NF- B. 

NIH3T3 cells were seeded on cover slips (10  cells/ml) and infected with NDV (80 

HAU/ml), transfected with poly I:C (5µg/ml) or left untreated. After 8h, cells were fixed 

and immunofluorescent staining was performed for the endogenously expressed p65 

subunit of NF- B and for IRF-3. Nuclei were stained with DAPI.  As both primary 

antibodies were raised in rabbits staining control was done to check that blocking prevents 

cross-staining of secondary antibody (right panel). 

Figure S6 



Figure S7 | Kinetics of IRF-7 nuclear translocation and IFN- -tGFP expression within 

individual cells. 

NIH3T3 cells stably expressing IFN- -tGFP and IRF-7-CFP fusion protein were infected with 

80 HAU/ml NDV for 1 hour. Cells were subjected to time-lapse microscopy and fluorescent 

pictures were taken every 30 minutes. The ratio of nuclear to cytoplasmic IRF-7-CFP 

fluorescence intensity as well as the overall intensity of IFN- -tGFP was quantified using 

ImageJ plugin MtrackJ. Four representative intensity courses of single cells are depicted. 

Black lines show the nuclear to cytoplasmic ratio of IRF-7-CFP fluorescence, grey lines 

represent IFN- -tGFP fluorescence. 
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Figure S8 | Stochastic bimodal IRF-7-mCherry expression in different cell clones. 

100, 250 or 500 U/ml IFN- -7-mCherry cells (10  cells/ml) of 

clones 1, 12 and 19. Flow cytometry for mCherry expression was performed 24h after 

stimulation. 
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Figure S9 | Kinetics of IFN-  

500 U/ml IFN-  cells/ml). At different time points 

supernatant (black diamonds) was collected and type I IFN concentration was determined 

in the medium by using Mx2-Luc cell-based assay (Kugel et al., 2010). IFN stability in 

conditioned medium at 37 C was measured in parallel (grey squares). 

Figure S9 



Figure S10 

Figure S10 | Parameter estimation for the stochastic model. 

(A) Bar diagram: Experimentally measured distribution of IRF-7-CFP nuclear translocation 

times after NDV infection (80 HAU/ml); Solid line: Distribution obtained by simulating 

5x104 runs of the mathematical model. The model parameters were fitted as described in 

Supplementary Text S1. (B) Profile likelihood with respect to the Hill coefficient of virus-

induced RIG-I signalling, hV
2

Neyman values obtained by simulating 

104 runs of the stochastic model with the respective optimized parameter sets. For good fits, 
2

Neyman is of the order of the degrees of freedom (df = # histogram bins - 1 - # fit parameters 

= 8). (C) Bar diagram: Measured distribution of the time delay from IRF-7-CFP nuclear 

translocation to onset of IFN- -tGFP fluorescence. Solid line: Fit by a Gamma distribution. 

For details see Supplementary Text S1. (D) Dots: Measured fraction of IRF-7-mCherry 

positive cells; primary data are shown in Figure 5A, the maximum over the time course is 

plotted for each IFN- Michaelis-Menten-type 

function (Supplementary Text S1).  
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Figure S11 | Temporal distribution of cellular IFN-  induction. 

NIH3T3 IFN- -tGFP reporter cells infected for 1 hour with indicated concentrations of 

NDV (upper panel) or transfected with poly I:C at given concentrations (lower panel) 

were subjected to time-lapse microscopy (15 min picture intervals) (cf. Figure 3A). 

Distribution of tGFP expression onset over time following NDV infection (n = 456) or 

following poly I:C lipofection (n = 140) is shown as histograms with 1.5 h bins. 

Figure S11 



Movie S1 

This movie shows IFN- -tGFP reporter cells infected with NDV (80 HAU/ml) in a time 

lapse of 20 h (pictures taken every 0.5 h). Temporal and quantitative heterogeneity of IFN-

 expression becomes evident by following the cells. (MPG format; 2.0 MB) 

  

Movie S2 

The movie presents IRF-7-mCherry cells upon stimulation with IFN-  (500 U/ml). This 

clip covers about 50 h with pictures taken every 0.5 h. The kinetics of IRF-7 expression 

resulting from IFN-  treatment within individual cells become obvious. (MPG format; 2.7 

MB) 

Supplementary Movies 

These modeling files are available online: 

 

Model_Figure_6 

Comparison_model_experiment_Figure_7A 

Paracrine_amplification_Figure_7B 

Parameter_estimation_NFkB_IRF_activation_Figure_S10_A_B 

Parameter_estimation_IFNb_expression_Figure_S10_C 

Parameter_estimation_ISG_induction_Figure_S10_D 

 

All files are written in MATLAB. 
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Supplementary Table 

Table S1 |  Model parameters 

Model parameter   Symbol  Value 

 

Maximum viral load per cell    Vmax  130 

Rate constant of virus replication   r  0.34/h 

Rate constant of virus decay    d  0.1/h 

Rate of RIG-I pathway stimulation   kRIG-I  0.48/h 

Rate of RIG-I pathway inactivation   lRIG-I  0.4/h 

Half-saturation constant of RIG-I pathway stimulation 

by virus     KV  43 

Hill coefficient of RIG-I pathway stimulation by virus  hV  3 

Rate constant of IFN-   kIFN  1.79/h 

Rate of termination of IFN-   lIFN  0.08/h 

Rate constant of IFN-   kS  0.13 U/(h ml cell) 

Rate constant of IFN-   dIFN  0.15/h 

Rate constant of STAT1/2 pathway activation  kSTAT  0.1/h 

Half-saturation constant of STAT1/2 pathway activation 

by IFN-     KIFN  100 U/ml 

Hill coefficient of STAT1/2 pathway activation by IFN-  hIFN  1 

Rate constant of ISG (IRF-7) induction by STAT1/2 

pathway     kISG  0.1/h 

 


















