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Supplementary Figure 1. FUdR-to-FUMP conversion in E. coli drives Lth-FUdR toxicity in C. 

elegans. 

Throughout this figure: % hatchlings is estimated as [live hatchlings/(live hatchlings + live 

embryos + dead embryos)] in condition of interest (i.e. Lth-FudR) relative to % hatchlings in 

mock of the same E. coli or C. elegans genotype; ≥5 images of each treatment were quantitated. 

Statistical significance was assessed via two-tailed unpaired nonparametric t-test for % 

hatchlings quantification. Data are presented as mean values ± SEM, scale bars = 200µm.  n= # 

independent biological replicates. Source data are provided as a Source Data file.  

(a) Representative images of the toxic effect of increasing doses of FUdR in the absence or 

presence of 1.5mg/mL serine on C. elegans cultured on E. coli BW25113 or HB101. n>10. (b) 

Representative images of progeny viability of C. elegans exposed from L1 to mock or Lth-FUdR 

(1μg/mL) while cultured on WT E. coli (BW25113), or the single mutants upp, udp, and udk, or 

the double mutant upp;udk. The WT and upp;udk images are also shown for the same 

conditions in Fig. 1B. (c) Quantification of percent hatchlings relative to mock of treatments 

represented in b plus E. coli triple mutant upp;udk;udp. n=3. (d) Quantification of % hatchlings 

of C. elegans exposed from L1 to Lth-FUdR (1μg/mL) in the presence of the following 

metabolites: Uracil 2.5mg/mL, Uridine 5mg/mL, UMP 2.5mg/mL, UDP 5mg/mL, or UTP 5mg/mL. 

n=3. (e) Quantification of total number of embryos (all dead) laid in 24h per worm treated with 

Lth-FUdR ± the Tmk inhibitor 5’-iodo-UMP (100µM). n=3. (f) Quantification of % hatchlings in 

worms cultured on WT (BW25113), upp;udk double KO, or upp;udk;udp triple KO lawns and 

treated with increasing doses of FUdR (0-40 μg/mL). FUdR dose is depicted in logarithmic scale. 
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Supplementary Figure 2. Pretreating E. coli with thymidine is sufficient to increase FUdR 

toxicity in C. elegans. 

(a) Workflow of “in tube” pretreatment of E. coli with mock, Lth-FUdR, or subLth-FUdR ± 

5mg/mL thymidine and the follow up secreted versus intracellular (pellet) toxicity test. (b) 

Representative images of effect of pretreated supernatants and bacterial pellets on C. elegans 

progeny viability. Scale bars = 200µm. n=3.  
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Supplementary Figure 3. Lth-FUdR and SE-FUdR toxicity do not correlate with E. coli in plate 

growth or viability. 

Data acquisition and analysis described in Methods. Statistical significance for ratio CFU was 

assessed using one-tail ratio t-test. Data are presented as mean values ± SEM. n= # 

independent biological replicates. Source data are provided as a Source Data file. 

(a) Images from Supplementary Fig. 1a are reproduced here to avoid moving back and forth 

between supplementary figures. This is reproduced here to show what we define as SE-FUdR 

toxicity, which corresponds to 1µg/mL FUdR + 1.5mg/mL serine for worms cultured on 

BW25113 or its derivatives, and 7.5µg/mL FUdR + 1.5mg/mL serine for worms cultured on 

HB101 or its derivatives (i.e. EORB1). Scale bars = 200µm. n>10.  (b) Representative images of 

viability of E. coli BW25113 and the HB101-derivative EORB1 after incubation for 48h in NGM 

plates supplemented with mock, subLth-FUdR, serine, subLth-FUdR plus serine, or Lth-FUdR 

as assessed by serial dilution for counting of colony forming units (CFU). (c) Quantification of 

CFU of treatments represented in panel b. Data were analyzed using ratio t-test. n=3.  
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Supplementary Figure 4. Treating Pretreating E. coli with serine is sufficient to increase FUdR 

toxicity in C. elegans. 

(a) Workflow of “in tube” pretreatment of E. coli with mock, Lth-FUdR, or subLth-FUdR ± serine 

and the follow up secreted versus intracellular (pellet) toxicity test. (b) Representative images of 

effect of pretreated supernatants and bacterial pellets on C. elegans progeny viability. Scale 

bars = 200µm. n=3.  
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Supplementary Figure 5. Serine does not promote FUdR-to-FUMP conversion or accumulates 

in E. coli. 

Throughout this figure: % hatchlings is estimated and data analyzed as described in 

Supplementary Fig. 1. Statistical significance was assessed via two-tailed unpaired 

nonparametric t-test for % hatchlings quantification. LCMS data was analyzed using one-tailed 

ratio t-test after ROUT outlier treatment. Data are presented as mean values ± SEM, scale bars 

= 200µm. n= # independent biological replicates. Source data are provided as a Source Data 

file. 

(a) Representative images of progeny viability observed in worms cultured on aliquots of E. coli 

pellets used for LCMS analyses presented in Fig. 2g,h, 4g, and Supplementary Fig. 5f,g. (b) 

Representation of the capacity of our LCMS set up to detect FUDP, FUTP, FUrD and FdUMP in 

extracts E. coli (BW25113) treated with increasing doses of FUdR (0-40μg/mL). FUDP and 

FUTP cannot be reliably detected in samples treated with less than 20μg/mL FUdR. FUrD and 

FdUMP cannot be reliably measured even in samples treated with 40μg/mL FUdR (>150 fold 

higher than the dose we use to characterize SE-FUdR toxicity) (c) Quantification of % 

hatchlings relative to mock of C. elegans cultured on WT (BW25113), yjjG, udp, udk, or upp KO 

lawns treated from L1 with mock or 0.25μg/mL FUdR plus serine. n=3. (d) Quantification of total 

number of embryos (all dead) laid in 24h per worm treated with SE-FUdR ± the Tmk inhibitor 5’-

iodo-UMP (100µM). n=3. Data were analyzed using two-tailed unpaired nonparametric T-test. (e) 

Quantification of % hatchlings relative to mock of C. elegans cultured on WT (BW25113) or ndk 

KO lawns treated from L1 with mock or 0.1μg/mL FUdR plus serine (lower dose of FUdR used 

to enable detection of toxicity enhancer). n=3. (f-g) LC-MS measurement of serine (green 

circles) and glycine (brown circles) integrated peaks normalized to internal standard [13C2] 

glycine in (f) E. coli (WT BW25113) and (g) C. elegans cultured on WT E. coli BW25113, and 

treated with subLth-FUdR + 1.5 mg/mL serine relative to mock, n=3. Data were analyzed using 

ratio t-test. 
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Supplementary Figure 6. E. coli’s capacity to suppress SE-FUdR toxicity in C. elegans does 

not correlate with growth. 

Throughout this figure, data are presented as mean values ± SEM. Curves depict 55 h 

continuous biomass measurement (OD600nm) of E. coli WT (BW25113) and KOs that alter SE-

FUdR toxicity. Bacteria were cultured in complete liquid NGM containing mock, subLth-FUdR, 

serine, or subLth-FUdR plus serine. n=5. Source data are provided as a Source Data file. 
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Supplementary Figure 7. Related to Fig. 4; Serine availability limits FUdR capacity to inhibit E. 

coli ThyA and hence to reduce dTMP pool in C. elegans diet. 

Throughout this figure: data are presented as mean values ± SEM, scale bars = 200µm. n= # 

independent biological replicates. Source data are provided as a Source Data file. 

(a). qRT-PCR analysis of aliquots of tyms-1 RNAi and EORB1 EV worms used in Fig 4a. Fold 

change of tyms-1 expression was calculated as ∆∆CT as described in Methods, using pmp-3 as 

reference gene. Data were analyzed using one-tailed ratio t-test, and are presented as log2 of 

fold change. n=3. (b) Representative images of all control conditions in Fig. 4j. n=3. (c) 

Representative images of effect of increasing doses of serine (0-3mg/mL) on C. elegans 

exposed to 0.08μg/mL 5-FO (to provide FUMP through a upp,udk-independent pathway) and 

2.5μg/mL FdUMP (the main mediator of thymidine-less death) while cultured on deoA KO lawn 

(to avoid conversion of FdUMP into other fluoropyrimidines). n=3.  
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Supplementary Figure 8. EORB1 is an RNAi-competent derivative of E. coli  HB101.  

(a) HB101 rnc- derivative, but not HB101 parental, accumulates 30S rRNA precursor, n = 1. (b) 

IPTG-inducible T7 polymerase is expressed in EORB1 but not in the HB101 parental strain, n = 

1. (c-f) EORB1 is competent for feeding RNAi: (c) RNAi against daf-2 extends C. elegans 

lifespan ~2-fold, n = 2, (d) unc-22 causes muscle twitching in >75% of animals. n=3, data is 

presented the as mean value ± SEM. (e) dpy-13 causes a dumpy phenotype in 100% of animals 

(2 representative experiments shown for control and RNAi), scale bars = 200µm, and (f) pos-1 

causes 100% sterility (2 representative experiments shown for RNAi) scale bars = 200µm. 

Source data are provided as a Source Data file. 
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Supplementary Figure 9. Related to Fig. 7; SE-FUdR does not activate autophagy or alters 

mitochondrial function 

Throughout this figure: statistical significance was assessed using one-tailed ratio t-test. Data 

are presented as mean values ± SEM.  n = # independent biological replicates. Source data are 

provided as a Source Data file. 

(a) qRT-PCR analysis of autophagy genes in worms cultured on EORB1 lawn and treated with 

Lth-FUdR. Fold change was calculated as ∆∆CT as described in Methods, using pmp-3 as 

reference gene. Data are presented as log2 of fold change. n=3 (b) The specificity of α-LGG1 

antibody was validated by western blotting of whole lysates of C. elegans fed RNAi against lgg-

1 and of a transgenic line overexpressing lgg-1 (MAH215). α-Tubulin (4A1) was used as loading 

reference. Red arrows point to LGG1I and LGG1II bands. n=1 (c) Representative western 

blotting analysis of endogenous cytochrome C (cytC) and of HSP-60 in worms treated with Lth-

FUdR and fed EORB1 EV or RNAi targeting mitochondrial genes that suppress Lth-FUdR 

toxicity. Quantification of band intensity relative to α-Tubulin is depicted. n=3. (d) qRT-PCR 

analysis of mito oxidative stress response (gst-4) and mitoUPR (hsp-6) in worms treated with 

Lth-FUdR relative to mock. Analysis and quantification as described in panel a. n=3. (e) qRT-

PCR analysis of autophagy genes in worms cultured on EORB1 lawn and treated with subLth-

FUdR, serine, SE-FUdR, or Lth-FUdR. Analysis and quantification as described in panel a. n=3. 

(f) Western blotting analysis of α-LGG1 in worms cultured on EORB1 and treated with mock, 

serine, subLth-FUdR, SE-FUdR, and Lth-FUdR ± 20mM Chloroquine. (g) Quantification of LGG-

1 relative to α-Tubulin in treatments represented in panel f. Analysis and quantification as 

described in Fig. 5h n=3. Data analyzed using ratio t-test. (h) qPCR analysis of mitochondrial 

DNA content (nduo-3) relative to nuclear DNA (act-3) in subLth-FUdR, serine, SE-FUdR and 

Lth-FUdR relative to mock. Data presented as log2 fold change and statistically analyzed using 

ratio t-test. n=3. (i) qRT-PCR analysis of the expression/stability of mitochondrially-encoded 

genes in worms treated with SE-FUdR. Quantification and analysis as described in panel a. n=3. 
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Supplementary Figure 10. Full western blots presented in main figures.  

(a) Full blot of Fig. 5d. (b, c) Full blots of Fig. 5h (d-g) Full blots of Fig. 6c. (h-k) Full blots of 

Supplementary Figure 9c. Red boxes denote section cropped for display. 
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Supplementary Table 1 
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Supplementary Table 1. List of E. coli genes screened from the Keio E. coli knock-out library. 

List is comprised of genes found by iJO1366 model to be associated 1-2 steps away from 

homologs of mammalian fluoropyrimidine metabolic pathways. In total 147 loss of function 

mutants in the background E. coli strain BW25113 were screened. 
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Supplementary Table 2  
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Supplementary Table 2. Hits of Keio screen for mediators of SE-FUdR toxicity. 

Primary hits are presented as: blue = suppressor of toxicity; orange= enhancer of toxicity; and 

white= no different from WT control. Light blue or orange, represents phenotype observed in 

only 1-2 of 3 screen repeats. Hits belonging to overrepresented metabolic pathways were 

retested in 6cm NGM plates and quantitated for % hatchlings in sublethal FUdR (unless 

otherwise stated 0.25µg/mL) ± serine (1.5mg/mL), and the results are presented in main figures. 

Primary screen hits that were not retested in 6cm plates are depicted as NRT. Retested and 

verified hits (colored cells) and non-hits (white cells) are marked as “√”, and retested but not 

validated primary hits (phenotype did not repeat) are marked as “X”.  
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Supplementary Table 3 
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Supplementary Table 3. C. elegans suppressors and enhancers of Lth-FUdR and SE-FUdR 

toxicity  

Primary RNAi hits are presented as: blue = suppressor of toxicity; orange= enhancer of toxicity; 

and white= no different from WT control. Light blue or orange, represents phenotype observed 

in only 1-2 of 3 screen repeats. Hits belonging to overrepresented metabolic pathways were 

retested in 6cm NGM plates and quantitated for % hatchlings in sublethal FUdR (unless 

otherwise stated 1µg/mL) ± serine (1.5mg/mL), and the results are presented in main figures. 

Primary screen hits that were not retested in 6cm plates are depicted as NRT. Retested and 

verified hits (colored cells) and non-hits (white cells) are marked as “√”, and retested but not 

validated primary hits (phenotype did not repeat) are marked as “X”.  
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Supplementary Note 1 
Since the SE-FUdR mechanism of toxicity seems distinct from Lth-FUdR and TE-FUdR, 

fluororibonucleotides other than FUMP, specifically FUDP, FUTP, or fluorouridine (FUrd), could 

contribute to SE-FUdR toxicity. However, these fluororibonucleotides were below the detection 

limit of our LCMS of bacteria or worms treated with subLth-FUdR or SE-FUdR (Supplementary 

Fig. 5b).  

This is not surprising, as previous studies1  used a dose of fluoropyrimidine 50 fold higher 

(50µM) than the 0.25µg/mL (1µM) FUdR we use to study SE-FUdR toxicity.  

 

SE-FUdR toxicity cannot be biochemically assessed at higher fluoropyrimidine doses because: 

1) When using E. coli BW25113, doses of FUdR ≥1µg/mL lead to 100% sterility. Hence, serine 

enhancement of toxicity cannot be assessed because further enhancement of sterility cannot be 

achieved; and  

2) Although serine-enhanced toxicity can be observed at >10µg/mL FUdR in the form of 

developmental delay, it would not be informative to compare the metabolic profile of adults to 

young larvae.  

 

Nevertheless, we used genetic and chemical inhibitor approaches to assess the potential 

contribution of other fluororibonucleotides, including FUDP, FUTP, FUrd, and FdUMP to SE-

FUdR toxicity, and directly measured the levels of FUMP and 5-FU. 

 

Supplementary Note 2 
A lower dose of subLth-FUdR was used in this experiment to enable detection of enhancement 

of toxicity when combining serine with thyA. The results also suggest that C. elegans is more 

dependent on E. coli’s supply of dTMP than its own de novo synthesis pathway, and that 

inhibition of E. coli’s TS is not detrimental to worms unless another concurrent insult is present 

(e.g. sublethal levels of FUMP toxicity). 

 

Supplementary Note 3 
Set up of experiment aimed to test whether SE-FUdR toxicity can be rescued by dietary 

supplementation of dTMP. 

This test requires a complex experimental set up because dTMP enhances FUdR-to-FUMP 

conversion, and hence, toxicity in C. elegans. So, if we simply add FUdR + serine + dTMP to w 
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wild-type E coli lawn we will see dTMP enhances, instead of rescuing the toxicity. But this would 

be due to confounding factors. 

Hence, to test whether SE-FUdR toxicity can be rescued by dietary supplementation of dTMP 

we need to prevent FUdR-to-FUMP conversion. This can be easily achieved by using a upp,udk 

double KO or a upp,udk,udp triple KO E. coli lawn. However, this brings another challenge. That 

is that we need sublethal levels of FUMP toxicity for SE-FUdR toxicity to work; hence, if using E 

coli lawns unable to convert FUdR into FUMP, we need an alternative source of FUMP. The 

simplest would be to add FUMP to the system. However, FUMP is commercially available only 

as custom–made at the microgram level and it is not affordable. To overcome the need to 

provide FUMP in the absence of the FUdR-to-FUMP conversion pathway, we use 5’-fluorotic 

acid (5-FO) as the source of FUMP, as E. coli converts 5-FO into FUMP in a upp;udk 

independent-manner 1. 

Therefore, altogether the experimental set up to test whether SE-FUdR toxicity can be rescued 

by dietary supplementation of dTMP includes:  

1) upp;udk double KO lawn to avoid dTMP + FUdR promoting FUMP toxicity;  

2) 5’-fluorotic acid (5-FO) as the source of FUMP that is independent from Upp/Udp-Udk  

3) SubLth-FUdR + serine to promote SE-FUdR; and  

4) dTMP (1.5μg/mL) or mock to test whether dTMP supplementation rescues of SE-FUdR 

toxicity.  

This complex experimental setup is necessary to test whether dietary thymidine rescues SE-

FUdR because otherwise thymidine would simultaneously enhance Lth-FUdR toxicity (Fig. 1g-

n), yielding confounding results. 
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