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Supplementary Fig. 1 | Volatile organic compounds (VOCs) whose amounts differ 
significantly in pairwise comparisons.  
Fibroblast culture cells infected with ZIKV at invasion or transmission stage versus uninfected 
fibroblast culture cells (a-d); fibroblast culture cells infected with ZIKV at invasion versus 
transmission (e-f); uninfected fibroblast culture cells versus media (g-h); virus in culture media 
versus media (i-j). Significant effects were determined using GLMM models (lmer) [in all 
experiments: n=30/ Experimental replication]; Bars represented by β-estimation generated by the 
mixed model ± SE (β-lmer ± SE); asterisks denote significant differences (*p < 0·05; **p < 0·01; 
***p < 0·001). All statistical model descriptions are provided in Supplementary Table 1, and the 
raw data can be found in Supplementary Data file 1. 
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Supplementary Fig. 2 | Electroantennographic (EAG) responses of the Ae. aegypti female 
mosquitoes to six commercially available synthetic VOCs. EAG measurement of the Aedes in 
response to the ZIKV blends single components were measured and analysed. Significant effects 
were determined using GLMM models (lmer) [in all experiments: n=30 per experimental 
replication]; Bars represented by β-estimation generated by the mixed model ± SE (β-lmer ± SE); 
asterisks denote significant differences (*p < 0·05; **p < 0·01; ***p < 0·001). All statistical model 
descriptions are provided in Supplementary Table 2, and the raw data can be found in 
Supplementary Data file 1.	
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Supplementary Fig. 3 | Distinct effects of ZIKV on temporal gene regulation in human skin 
fibroblasts.  (a) Principal component analysis (all transcripts; all experimental conditions). (b) 
Profile plots derived from heat map showing three major clusters of transcripts (main Fig. b). (c) 
Venn diagram depicting the overlap of ZIKV specific hits depending on heat inactivated ZIKV or 
Mock controls. (d) Table of transcripts with a significantly altered expression upon infection with 
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ZIKV, independent from control. The red colour indicates fold change. Transcripts highlighted in 
green were already affected at 10 hpi.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 
 

 

 

Supplementary Fig. 4 | Proteome analysis of ZIKV-infected and primary fibroblasts. LC-MS 
analysis was applied to compare ZIKV-infected to Mock-infected immortalised human dermal 
fibroblasts (a,b) as well as immortalised human dermal fibroblasts to primary fibroblasts (c,d). (a) 
Volcano plots showing protein abundances in ZIKV-infected compared to those in Mock-infected 
samples (24 hpi, Student’s t-tests, n=4 and n=2, respectively). Red/blue dots: proteins with 
significantly increased/decreased abundance upon ZIKV infection. Black dots: proteins with 
significantly altered expression on RNA level upon ZIKV infection according to RNAseq analysis. 
(b) Results of enrichment analysis (Metascape) showing processes (Gene Ontology of Biological 
Processes, p≤0.05) enriched among proteins affected by ZIKV infection. (c) Principal component 



10 
 

analysis (n=4) comparing the proteomics profiles of immortalized human dermal fibroblasts 
(hTert), primary human dermal fibroblasts (F02-09, F10-09) and two protein digest standards used 
as references (HeLa, HEK). (d) Hierarchical clustering (n=4) of protein abundance in 
immortalized fibroblasts, primary fibroblasts and references of proteins with significantly altered 
expression on RNA level upon ZIKV infection according to RNAseq analysis. 
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Supplementary Fig. 5 | Fatty acid metabolism that yields alkanes and alkenes by 
combinations of reductive steps and removal of the carboxylate terminus are summarized and 
exemplified for decanoate-SCoA. (a) The key transformation that supposedly is involved in the 
formation of volatiles reported. (b) Proposed biosynthesis of 6-methyl-5-heptene-2-one 
(Sulcatone) and 6-methylhept-6-en-2-one from GPP (mevalonate pathway of terpenes). 
 
 

 

 

 

a 

b 



12 
 

 
Supplementary Fig. 6 | Proposed biosynthetic origin of individual carbon atoms in fatty acids 
and geranyl-pyrophosphate derived volatiles reported here (accompanying text see above). (a) 
Carbon atom colour code of building blocks. (b) Proposed biosynthetic origin of carbon atoms in 
decanal and dodecanal; (c) Possible precursor fatty acids and biosynthetic origin of carbon atoms; 
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1: for 2,4,6-trimethyl decane; 2: for 2,7-dimethyl-1-octanol; 3: 4-methylheptane and 2-methyl-1-
pentene; 4: 2,4-dimethyl-1-heptene; 5: 2,2,4,4-tetramethyloctane. (d) Proposed biosynthetic origin 
of carbon atoms in methyl branched VOCs and link to C.: 1: for 2,4,6-trimethyl decane; 2: for 2,7-
dimethyl-1-octanol; 3: 4-methylheptane and 2-methyl-1-pentene; 4: 2,4-dimethyl-1-heptene; 5: 
2,2,4,4-tetramethyloctane. (e) Geranyl-pyrophosphate, the proposed biosynthetic precursor of 6-
methyl-5-hepten-2-one. 
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Supplementary Fig. 7 | Schematic model of ZIKV modulates human skin cells to enhance 
transmission success. (1) ZIKV induces an increased release of volatile organic compound (VOC) 
blends at two different stages in the fibroblast tissue culture. The VOCs at invasion (10 hpi) and 
transmission (24 hpi) stages of the virus cycle in human skin cell tissue culture were profiled. This 
causes (2) an increased attraction of female mosquitoes. The female blood ingestion size and biting 
rate increase, as well as its fecundity and survival. (3) The behavioural and physiological effects 
are reflected in the fibroblast transcriptional profile, in which genes/proteins/enzymes involved in 
ISGF3 complex and lipoprotein metabolic processes as well as immunity are affected. Altogether 
these alterations increase the probability of virus transmission. 
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Supplementary Table 1 | Statistical description among volatile profiles in various culture 
comparisons (A-E) 
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Supplementary Table 2 | All statistical descriptions for mosquito fitness studies, A) Fig 2 B) 
Fig 3 b-c. 
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Supplementary Table 3 | Enzymes potentially involved in the processing of fatty acids, 
lipids, isoprenoids and the production of VOCs. 
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Supplementary Table 4 | Publications took into account for meta-analysis combining ZIKV 
infection and mass spectrometry-based shot-gun proteomics on human cells. 
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Supplementary Table 5 | Enzymes are affected by ZIKV infection and are potentially 
involved in the processing of fatty acids, lipids, isoprenoids and the production of VOCs 
(results of meta-proteome-analysis). The listed ID is related to the full dataset in Extended 
data file 4 IX 

 
 
 
 

 
 



23 
 

Supplementary information 
Supplementary Figs 1 to 7 

Fig. 1: Volatile organic compounds (VOCs) which amounts differ significantly in pairwise 
comparisons. 

Fig. 2: Electroantennographic (EAG) responses of the Ae. aegypti female mosquitoes to 
seven commercially available synthetic VOCs. 

Fig. 3: Distinct effects of Zika virus on temporal gene regulation in human skin fibroblasts. 

Fig. 4: Proteome analysis of ZIKV infected and primary fibroblasts. 

Fig. 5: Fatty acid metabolism that yields alkanes and alkenes by combinations of reductive 
steps and removal of the carboxylate terminus are summarized and exemplified for 
decanoate-SCoA. 

Fig. 6: Proposed biosynthetic origin of individual carbon atoms in fatty acids and geranyl-
pyrophosphate derived volatiles. 

Fig. 7: Schematic model of ZIKV modulates human skin cells to enhance transmission 
success.  

Supplementary Tables 1 to 5: 

Table 1: All statistical description among volatile profiles in various culture comparisons 
(A-E).   

Table 2: All statistical description for mosquito fitness studies, A) Fig 2 B) Fig 3 B-C 

Table 3: Enzymes potentially involved in the processing of fatty acids, lipids, isoprenoids 
and the production of VOCs 

Table 4: Publications took into account for meta-analysis combining ZIKV infection and 
mass spectrometry-based shot-gun proteomics on human cells. 

Table 5: Enzymes are affected by ZIKV infection and are potentially involved in the 
processing of fatty acids, lipids, isoprenoids and the production of VOCs (results of meta-
proteome-analysis). The listed ID is related to the full dataset in Extended Data-file S3 V 

Supplementary Data files 1 to 4 
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