
Supplementary Data

Materials and Methods

RNA extraction and reverse transcriptase–polymerase
chain reaction analysis

For total RNA extraction, gravid hermaphrodites were
washed off the plates with M9 buffer and dissolved in 5 M
NaOH bleaching solution. Embryos were collected and
washed several times with M9 buffer. RNA was extracted
from embryos using the NucleoSpin RNA II (Macherey-
Nagel) kit following the manufacturer’s instructions. The total
RNA was DNase-treated using the Amplification Grade

DNase I (Sigma) and 1 lg of DNase-treated RNA was reverse
transcribed in a 20 lL reaction mixture. cDNA was generated
using the iScript� cDNA Synthesis Kit (Biorad). One micro-
gram of cDNA was used for nested reverse transcriptase–
polymerase chain reactions (RT-PCRs) using MBL-Taq DNA
Polimerase (Dominion-MBL) with the following primers:

trx-2 wt and tm2720 alleles
5¢- ATGACACAATTACGTCATTTTTC -3¢ (forward)
5¢- CTGTTTTCGACATTGATTCTGTT -3¢ (forward)
5¢- ACTTCCTTGTCTTCCGTTTAC -3¢ (reverse)

SUPPLEMENTARY FIG. S1. TRXR-2 and TRX-2 mitochondrial targeting sequences (MTS) and amino acid alignment
of C. elegans TRX-2. (A, B) MTS of TRXR-2 and TRX-2, predicted by the PSORT algorithm (http://psort.hgc.jp/). The arrow
indicates the predicted final mitochondrial peptide protease cleavage site determined by the consensus motif of the two
protease models shown above the sequence, where X means any amino acid residue (8). (C) Alignment of the amino acid
sequence of C. elegans TRX-2 with that of C. elegans TRX-1a (22), human TRX-1 (28) and human TRX-2 (4). Identical residues
are shown in black boxes, while similar residues are shown in gray. The Megalign software integrated in the Lasergene Suite
package (DNASTAR) was used for alignment of the sequences by the Clustal W method (26). TRX, thioredoxin; TRXR,
thioredoxin reductase.



trxr-2 wt and tm2047 alleles
5¢- TCAATTACTTCAATGCCTATGCCG -3¢ (forward)
5¢- CAAGATTGTGATAACTGGTACAGAC -3¢ (forward)
5¢- TTATCCACAGCATCCCTGAGTTC -3¢ (reverse)

trxr-2 ok2267 allele
5¢- CAATTTTCTGATGCTTCTATC -3¢ (forward)
5¢- GTAATTGGAGCAGGATCTGGAG -3¢ (forward)
5¢- CTGCGGCATTTGGTCCAACA -3¢ (reverse)
5¢- TTATCCACAGCATCCCTGAGTTC -3¢ (reverse)

ama-1 wt allele
5¢- TTCCAAGCGCCGCTGCGCATTGTC -3¢ (forward)
5¢- CAGAATTTCCAGCACTCGAGGAGCGGA -3¢ (reverse)

Recombinant protein expression and purification

trx-2 cDNA from N2 wild-type and trx-2 (tm2720) mutant
(see RNA extraction and RT-PCR analysis section, Supple-
mentary Materials and Methods) was amplified with the
forward primer 5¢- CATGCATATGGACATTGATTCTG
TTGAAG-3¢ and the reverse primer 5¢- CGACGGATCCCT
ACTAATTTAAATGAACCATTAAACT-3¢ and cloned into
the NdeI and BamHI restrictions sites of the pET-15b vector
(Novagen) to generate the constructs pET-15b::His-CeTRX-2
and pET-15b::His-CeDTRX-2, respectively. These constructs
were used to transform the Escherichia coli BL21 (DE3) strain
and recombinant protein expression was induced at 37�C and
200 rpm during 4 h by adding 1 mM IPTG to a cell culture of
0.5–0.7 optical density in a 100 mL LB medium supplemented
with 0.1 mg/mL ampicillin. Cells were collected by centrifu-
gation, immediately resuspended in 5 mL of Tris-HCl 20 mM
pH 8.0, NaCl 100 mM, DNaseI 60 lg, lysozime 3 mg and b-

mercaptoethanol 5 mM and incubated for 15 min at room
temperature with gentle shaking. Next, the preparation was
sonicated for 5 min on ice and the cell-free extract was ob-
tained by centrifugation at 12,000 · g during 30 min at 4�C.
Recombinant His-CeTRX-2 and His-CeDTRX-2 proteins were
purified from the cell-free extract using a BD TALON� Metal
Affinity column (Clontech) equilibrated with Tris-HCl 20 mM
pH 8.0, NaCl 100 mM and eluted with imidazole 25 mM. Fi-
nally, the purified protein was dialyzed against sodium
phosphate buffer 20 mM pH 7.4 to remove imidazole from the
preparation.

Thioredoxin activity assays

For the 1,4-dithio-d-threitol (DTT) assay, 25 lL of a reac-
tion mix (composed of 40 lL Tris-HCl 1 M pH 7.5, 10 lL
ethylenediaminetetraacetic acid (EDTA) 0.2 M and 200 lL of
bovine insulin 10 mg/mL) were mixed with the protein
preparation in a final assay volume of 200 lL. The reaction
was initiated by adding 2 lL of DTT 100 mM and the
thioredoxin activity was measured by monitoring the in-
crease of absorbance at 595 nm due to free-B chain precipi-
tation over time.

For the reduced nicotinamide adenine dinucleotide
phosphate (NADPH) and thioredoxin reductase assay,
20 lL of a reaction mix (composed of 40 lL HEPES 1 M pH
7.4, 8 lL EDTA 0.2 M, 8 lL NADPH 40 mg/mL and 100 lL
insulin 10 mg/mL) were mixed with the protein prepara-
tion in a final assay volume of 200 lL. The reaction was
initiated by adding 1 lL rat TrxR1 1.5 mg/mL and the
thioredoxin activity was measured by monitoring the de-
crease of absorbance at 340 nm due to NADPH consump-
tion over time.

SUPPLEMENTARY FIG. S2. TRX-2 is expressed in ASEL and AIYL/R neurons. Transgenic animals expressing simul-
taneously the transcriptional fusions Pttx-3::RFP (27) or Pceh-36::RFP (10) along with Ptrx-2::GFP demonstrate colocalization
by the merged yellow color in AIYL/R neurons (A) or ASEL neurons (B), respectively. Note that RFP has a much weaker
signal in the nucleus, resulting in a green nucleus surrounded by a yellowish cytoplasm in the merged images. Red arrowheads
denote the intestinal autofluorescent granules. Insets show amplification of the respective dashed areas. Image analysis was
performed as described in the Materials and Methods section. Bar 20 lm. RFP, red fluorescent protein; TRX, thioredoxin;
TRXR, thioredoxin reductase.



SUPPLEMENTARY FIG. S3. Mitochondrial morphology of trx-2 and trxr-2 mutants. Wild-type, trx-2 and trxr-2 single
and double mutant strains expressing the construct Pmyo-3::MTS::GFP (12) were examined for mitochondria morphology in
body wall muscle cells. Left panels show fluorescence optics and right panels DIC optics. The typical tubular morphology of
muscle cells mitochondria is maintained in all strains examined regardless of the genetic background. Insets show amplifi-
cation of the respective dashed areas. Image analysis was performed as described in the Materials and Methods section. Bar
20 lm. DIC, differential interference contrast.



Green fluorescent protein expression
constructs and transgenesis

All constructs were used at 50 ng/lL (except for pVZ25
[Punc-32::GFP] at 10 ng/lL) along with the pRF4 plasmid
that carries the rol-6(su1006) dominant transformation mar-
ker (50 ng/lL) to generate stable transgenic lines by micro-
injection (21). At least two independent transgenic lines
carrying nonintegrated arrays showing identical or very
similar expression patterns were obtained for each construct
(except for pVZ211 [Punc-32::MTS::GFP] construct with only
one line).

Stress assays

In all cases, animals that did not show pharyngeal pumping
or movement after mechanical stimulation were scored as
dead and removed from the assay plates.

Sodium arsenite treatment. Thirty L4 hermaphrodites
were transferred onto seeded NGM plates containing 10 mM
sodium arsenite (Sigma) and scored every hour for survival (23).

Juglone treatment. Thirty young adult gravid hermaphro-
dites were placed onto freshly made seeded NGM plates

SUPPLEMENTARY FIG. S4. Reactive oxygen species (ROS) production by the mitochondrial thioredoxin system
mutants. ROS production was carried out using the membrane-permeable nonfluorescent dye H2-DCF-DA. Upon entry into
the cell, H2-DCF-DA is deacetylated to H2-DCF and becomes membrane impermeable. H2-DCF then reacts with ROS and
oxidizes to DCF, which is a fluorescent compound. Synchronized L4 animals were used and the fluorescence was determined
after 5 h treatment at 20�C. The graph shows the average of three independent experiments and the error bars represent the
standard error of the mean. Two-way analysis of variance test was performed and differences were found to be not
significant in all cases ( p > 0.05), except for mev-1 (kn1) mutant ( p < 0.001), which was used as a positive control due to its high
rate of ROS production (9). H2-DCF-DA, 2,7-dichlorodihydrofluorescein-diacetate.

SUPPLEMENTARY FIG. S5. Demonstration of effective trx-2 and trxr-2 RNAi downregulation, total Ab content of
constitutive and inducible Ab strains, Ab-dependent paralysis and TRXR-2 overproduction levels. (A) Transgenic worms
expressing the constructs Ptrx-2::trx-2::GFP and Punc-32::trxr-2::GFP were subjected to two generations of RNAi feeding in
HT-115 bacteria expressing no dsRNA, trx-2 or trxr-2 dsRNA, respectively. All micrographs using the same transgene were
taken with identical image capture settings and adjustment of brightness and contrast, when needed, was done identically for
all images from the same transgene. Note that both trx-2 and trxr-2 RNAi treatments efficiently and specifically downregulate
their corresponding transgenes, thus validating the RNAi approach. Image analysis was performed as described in the
Materials and Methods section. Bar 200 lm. (B) Ab immunoblot with 6E10 monoclonal antibody of CL2006 and CL2750
constitutive Ab strains. All lanes were loaded with total protein extract from 100 one-day adult synchronized worms grown
on OP50 bacteria. Note that the CL2006 strain has a slight higher Ab content as compared with the CL2750 strain. a-tubulin is
used as loading control. One blot is shown out of two independent trials with similar results. The quantification of the blots
and the statistical analyses are included in Supplementary Figure S6B. (C) Progressive paralysis of Ab inducible CL4176,
smg-1 (cc546); dvIs27 [Pmyo-3::Ab3–42::let-858 3¢-UTR; rol-6 (su1006)] worms growing on HT-115 bacteria expressing either
no dsRNA (-), trx-2 dsRNA (:), or trxr-2 dsRNA (�). The graph shows one representative experiment out of two
independent trials with similar results. Ab production was induced on a 23�C upshift. (D) Progressive paralysis of CL4176
worms and its derivative transgenic strain VZ297 carrying the extrachromosomal array vzEx111 [Pmyo-3::trxr-2::trxr-2 3¢-
UTR; Punc-122::GFP] growing on HT-115 bacteria expressing either no dsRNA (-, ,) or trxr-2 dsRNA (�, B). The graph
shows one representative experiment out of two independent trials with similar results. Ab production was induced upon a
25�C upshift. (E) Ab immunoblot with 6E10 monoclonal antibody of CL4176 and VZ297 Ab inducible strains. All lanes were
loaded with total protein extract from 100 worms after 24 h Ab production induced upon a 25�C upshift. Animals were
grown on HT-115 bacteria expressing either no dsRNA or trxr-2 dsRNA. Note the clear decrease in Ab content found in
TRXR-2 overexpressing animals, an effect that is abolished when trxr-2 overexpression is downregulated by RNAi. One blot
is shown out of two independent trials with similar results. The quantification of the blots and the statistical analyses are
included in Supplementary Figure S6C. (F) TRXR-2 immunoblot of CL2006 and CL4176 Ab strains and their respective TRXR-
2 overexpressing derivatives VZ209 and VZ297. All lanes were loaded with total protein extract from 100 synchronized 1-day
adult worms grown on OP50 bacteria. a-tubulin was used as loading control. The TRXR-2 levels (monomer and dimer) were
compared between the two independent TRXR-2 overexpressing strains and their respective nontransgenic siblings within
the same blot. One blot is shown out of two independent trials with similar results. The quantification of the blots and the
statistical analyses are included in Supplementary Figure S6D.
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SUPPLEMENTARY FIG. S6. Quantification and statistical analyses of Ab and TRXR-2 western blots. The quantification
of the blots was performed with the ImageJ Software and the statistical analysis was implemented using the Microsoft Excel
Software.



Supplementary Table S1. Strains Used in This Study

Strain name Genotype Reference/source

Basic strains
N2 Wild type, DR subclone of CB original (Tc1 pattern I) CGCa

VZ13 trx-2 (tm2720) V This study
VZ12 trxr-2 (tm2047) III This study
VZ15 trxr-2 (ok2267) III This study
VZ17 trxr-2 (tm2047) III; trx-2 (tm2720) V This study
VZ22 trxr-2 (ok2267) III; trx-2 (tm2720) V This study

rrf-3 strains
NL2099 rrf-3 (pk1426) II (25)
VZ29 rrf-3 (pk1426) II; trx-2 (tm2720) V This study
VZ30 rrf-3 (pk1426) II; trxr-2 (tm2047) III This study
VZ31 rrf-3 (pk1426) II; trxr-2 (ok2267) III This study
VZ33 rrf-3 (pk1426) II; trxr-2 (tm2047) III; trx-2 (tm2720) V This study
VZ38 rrf-3 (pk1426) II; trxr-2 (ok2267) III; trx-2 (tm2720) V This study

daf-16::GFP strains
TJ356 zIs356 [Pdaf-16::daf-16::GFP; pRF4 (rol-6 (su1006))] IV (7)
VZ25 zIs356 [Pdaf-16::daf-16::GFP; pRF4 (rol-6 (su1006))] IV; trx-2 (tm2720) V This study
VZ23 trxr-2 (tm2047) III; zIs356 [Pdaf-16::daf-16::GFP; pRF4 (rol-6 (su1006))] IV This study
VZ24 trxr-2 (ok2267) III; zIs356 [Pdaf-16::daf-16::GFP; pRF4 (rol-6 (su1006))] IV This study

skn-1::GFP strains
LD001 Is007 [Pskn-1::skn-1::GFP; pRF4 (rol-6 (su1006))] X (1)
VZ26 trx-2 (tm2720) V; Is007 [Pskn-1::skn-1::GFP; pRF4 (rol-6 (su1006))] X This study
VZ39 trxr-2 (tm2047) III; Is007 [Pskn-1::skn-1::GFP; pRF4 (rol-6 (su1006))] X This study
VZ40 trxr-2 (ok2267) III; Is007 [Pskn-1::skn-1::GFP; pRF4 (rol-6 (su1006))] X This study

Other stress reporter strains
TK22 mev-1 (kn1) III (9)
GA480 sod-2 (gk257) I; sod-3 (tm760) X (6)
SJ4005 zcIs4 [Phsp-4::GFP] V (3)
SJ4100 zcIs13 [Phsp-6::GFP] V (29)
CL2070 dvIs70 [pCL25 (Phsp-16.2::GFP); pRF4 (rol-6 (su1006))] (16)
CF1553 muIs84 [pAD76 (Psod-3::GFP)] (13)
CL2166 dvIs19 [pAF15 (Pgst-4::GFP::NLS); pRF4 (rol-6 (su1006))] (17)

trxr-1; trxr-2 strains
VZ14 trxr-2 (tm2047) III; trxr-1 (sv47) IV This study
VZ21 trxr-2 (ok2267) III; trxr-1 (sv47) IV This study

daf-2 and daf-16 strains
CB1370 daf-2 (e1370) III (11)
VZ87 daf-2 (e1370) III; trx-2 (tm2720) V This study
VZ89 daf-2 (e1370) III; trxr-2 (tm2047) III This study
VZ90 daf-2 (e1370) III; trxr-2 (ok2267) III This study
CF1038 daf-16 (mu86) I (14)
VZ102 daf-16 (mu86) I; trx-2 (tm2720) V This study
VZ103 daf-16 (mu86) I; trxr-2 (tm2047) III This study
VZ101 daf-16 (mu86) I; trxr-2 (ok2267) III This study
GM6 fer-15 (b26) II; daf-2 (e1370) III Manuel Muñoz gift
VZ117 fer-15 (b26) II; daf-2 (e1370) III; trx-2 (tm2720) V This study
VZ129 fer-15 (b26) II; daf-2 (e1370) III; trxr-2 (tm2047) III This study
VZ116 fer-15 (b26) II; daf-2 (e1370) III; trxr-2 (ok2267) III This study

trx-2 and trxr-2 GFP fusion strains
VZ74 vzEx18 [pVZ239 (Ptrx-2::GFP); pRF4 (rol-6 (su1006))] This study
VZ55 vzEx8 [pVZ202 (Ptrx-2::trx-2::GFP); pRF4 (rol-6 (su1006))] This study
VZ83 vzEx21 [pVZ25 (Punc-32::GFP); pRF4 (rol-6 (su1006))] This study
VZ42b vzEx1 [pVZ212 (Punc-32::trxr-2::GFP); pRF4 (rol-6 (su1006))] This study
VZ62 vzEx12 [pVZ234 (Ptrxr-2::GFP); pRF4 (rol-6 (su1006))] This study
VZ69 vzEx14 [pVZ222 (Ptrxr-2::trxr-2::GFP); pRF4 (rol-6 (su1006))] This study

Mitochondrial morphology strains
VZ104 vzEx23 [pVZ228 (Pmyo-3::MTS::GFP); pRF4 (rol-6 (su1006))] This studyc

VZ121 trx-2 (tm2720) V; vzEx23 [pVZ228 (Pmyo-3::MTS::GFP); pRF4 (rol-6 (su1006))] This study

(continued)



containing 240 lM juglone (Sigma) and viability was deter-
mined every 2 h during a total period of 8 h (5).

Paraquat treatment. One hundred L4 hermaphrodites
were placed onto seeded NGM plates containing 4 mM
paraquat (Sigma). Survival was monitored every 24 h.

Sodium azide treatment. Thirty L4 hermaphrodites were
placed onto seeded NGM plates supplemented with 1 mM
sodium azide (Sigma) for 18 h at 20�C. The animals were then
transferred to seeded NGM plates without sodium azide and
scored for survival after a 3-h recovery period (2).

Heat-shock treatment. Thirty L4 hermaphrodites were
placed on prewarmed (37�C) seeded NGM plates and incu-
bated at 37�C. Survival was monitored every hour.

Microsoft Excel Program was used for graphical display
and statistical analysis was performed with GraphPad Prism
software package (GraphPad Software).

Reactive oxygen species determination

Reactive oxygen species formation was quantified us-
ing the membrane-permeable nonfluorescent dye 2,7-
dichlorodihydrofluorescein-diacetate (H2-DCF-DA; Sigma)
as previously described by (2). Synchronized L4 hermaphro-
dites were placed on NGM plates (control) and NGM plates
with 1 mM sodium azide or 0.8 mM paraquat and incubated
at 20�C for 5 h. Next, the animals were washed off the plates
with M9 buffer to reduce bacterial content and a 50 lL volume
of worm suspension was pipetted in four replicates into the
wells of a 96-well plate with opaque walls and bottom and

Table S1. (Continued)

Strain name Genotype Reference/source

VZ122 trxr-2 (tm2047) III; vzEx23 [pVZ228 (Pmyo-3::MTS::GFP); pRF4 (rol-6
(su1006))]

This study

VZ125 trxr-2 (ok2267) III; vzEx23 [pVZ228 (Pmyo-3::MTS::GFP); pRF4 (rol-6
(su1006))]

This study

VZ110 trxr-2 (tm2047) III; trx-2 (tm2720) V; vzEx27 [pVZ228 (Pmyo-3::MTS::GFP);
pRF4 (rol-6 (su1006))]

This study

VZ111 trxr-2 (ok2267) III; trx-2 (tm2720) V; vzEx28 [pVZ228 (Pmyo-3::MTS::GFP);
pRF4 (rol-6 (su1006))]

This study

Mitochondrial colocalization strains
PS6187 unc-119 (ed3) III; syEx1155 [pAM34.1 (Pmyo-3::TOM20::mRFP::3xMyc);

unc-119( + )]
Amir Sapir and Paul

Sternberg gift
VZ141 vzEx8 [pVZ202 (Ptrx-2::trx-2::GFP); pRF4 (rol-6 (su1006))]; syEx1155

[pAM34.1 (Pmyo-3::TOM20::mRFP::3xMyc); unc-119( + )]
This study

VZ142 vzEx1 [pVZ212 (Punc-32::trxr-2::GFP); pRF4 (rol-6 (su1006))]; syEx1155
[pAM34.1 (Pmyo-3::TOM20::mRFP::3xMyc); unc-119( + )]

This study

AIY colocalization strains
OH1098 otIs133 [Pttx-3::RFP; unc-4( + )] (27)
VZ167 otIs133 [Pttx-3::RFP; unc-4( + )]; vzEx18 [pVZ239 (Ptrx-2::GFP); pRF4 (rol-6

(su1006))]
This study

ASE colocalization strains
OH4165 otIs151 [Pceh-36::RFP; pRF4 (rol-6 (su1006))]; otEx2416 [Pgcy-21::GFP;

Punc-122::GFP]
(24)

VZ179 otIs151 [Pceh-36::RFP; pRF4 (rol-6 (su1006))]; otEx2416 [Pgcy-21::GFP;
Punc-122::GFP]; vzEx18 [pVZ239 (Ptrx-2::GFP); pRF4 (rol-6 (su1006))]

This study

Ab-peptide strains
CL2006 dvIs2 [pCL12 (Punc-54::Ab 3–42::unc-54 3¢-UTR); pRF4 (rol-6 (su1006))] II (15)
VZ18 dvIs2 [pCL12 (Punc-54::Ab 3–42::unc-54 3¢-UTR); pRF4 (rol-6 (su1006))] II;

trx-2 (tm2720) V
This study

CL2750 dvIs100 [pCL354 (Punc-54::Ab 1–42::unc-54 3¢-UTR); pCL26 (Pmtl-2::GFP)] C.D. Link,
unpublished data

VZ223 trxr-2 (tm2047) III; dvIs100 [pCL354 (Punc-54::Ab 1–42::unc-54 3¢-UTR); pCL26
(Pmtl-2::GFP)]

This study

VZ209 dvIs2 [pCL12 (Punc-54::Ab 3–42::unc-54 3¢-UTR); pRF4 (rol-6 (su1006))] II;
vzEx71 [pVZ394 (Pmyo-3::trxr-2::trxr-2 3¢-UTR); Punc-122::GFP]

This study

CL4176 smg-1 (cc546ts) I; dvIs27 [pAF29 (Pmyo-3::Ab 3–42::let-858 3¢-UTR); pRF4 (rol-6
(su1006))] X

(20)

VZ297 smg-1 (cc546ts) I; dvIs27 [pAF29 (Pmyo-3::Ab 3–42::let-858 3¢-UTR); pRF4 (rol-6
(su1006))] X; vzEx111 [pVZ394 (Pmyo-3::trxr-2::trxr-2 3¢-UTR);
Punc-122::GFP]

This study

aCaenorhabditis Genetics Center (www.cbs.umn.edu/CGC/).
bMTS of trxr-2 gene.
cThe Pmyo-3::MTS::GFP construct was described in Labrousse et al. (12).
MTS, mitochondrial targeting sequence; GFP, green fluorescent protein.



allowed to equilibrate to room temperature. Fifty micro liters
of a fresh 100 lM H2-DCF-DA solution was pipetted to the
suspensions, resulting in a final concentration of 50 lM. On
each plate, control wells containing nematodes from each
treatment without H2-DCF-DA and wells containing H2-
DCF-DA without animals were prepared in parallel. Im-
mediately after addition of H2-DCF-DA, basal fluorescence
was measured in a microplate reader (PolarStar Omega.
BMG, LabTech) at excitation/emission wavelengths of 485
and 520 nm, respectively. Plates were kept for 1 h shaking at
20�C. Then, a second measurement was performed. The initial

fluorescence and the fluorescence signals of control wells
were subtracted from the second measurement. Values were
normalized to protein content, which was determined using
the bicinchoninic acid protein assay kit (Pierce). We used the
GraphPad Prism software package (GraphPad Software) for
graphical display and statistical analysis.

RNA interference

HT115 E. coli strain transformed with either pL4440 empty
vector or the respective test clones were grown in liquid LB
medium containing 100 lg/mL ampicillin for 15 h at 37�C
before seeding the RNA interference (RNAi) plates containing
1 mM IPTG. The plates were incubated for 2 days at 37�C to
induce dsRNA. Phenotypes were scored at 20�C from the first
generation onward by allowing the interfered gravid her-
maphrodites to lay eggs during 2 h on fresh RNAi plates.

Longevity assays

Tightly synchronized embryos from bleached gravid adult
hermaphrodites were allowed to develop through the L4
larval stage and then transferred to fresh NGM plates in
groups of 25 worms per plate for a total of 100 individuals per
experiment. The day the animals reached the L4 larval stage
was used as t = 0. Nematodes were transferred to fresh plates
daily until progeny production ceased and after that, they
were transferred every second to the third day but monitored
daily for dead animals. Nematodes that did not respond to
gentle prodding and displayed no pharyngeal pumping were
scored as dead. Animals that crawled off the plate or died due
to internal hatching or extruded gonad were censored and
incorporated as such into the data set. Each survival assay
was repeated twice. We used the GraphPad Prism software
package (GraphPad Software) for graphical display and sta-
tistical analysis.

Paralysis phenotype, Ab immunodetection
and amyloid deposits determination

Worms were scored as paralyzed if they failed to propagate
a full sinusoidal contraction after prodding or if their heads
were associated with a ‘‘halo’’ of ingested bacterial lawn, in-
dicative of an inability to move to access food. In experiments
measuring paralysis of transgenic strains carrying extrachro-
mosomal arrays, sibling worms containing the transgene were
identified by green fluorescent protein (GFP) fluorescence of
the marker transgene included in the extrachromosomal array.
Identification of transgenic and nontransgenic worms was
performed after paralysis scoring to prevent observer bias.

For Ab immunoblotting, 100 worms from each strain
(grown for 2 generations in the corresponding RNAi bacteria
or grown in OP50 for one generation) were manually collected
at their first day of adulthood (for Ab constitutive strains) or
after 24 h temperature upshift (for Ab inducible strains) in
15 lL of lysis buffer (NaCl 150 mM, NP-40 1% and Tris-HCl
50 mM pH 8). After three cycles of freeze thawing in liquid
nitrogen, 3 lL of Laemmli buffer 5 · were added and the mix
was heated at 95�C for 10 min. Proteins were separated by
sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) using a 4%–20% gradient polyacrylamide gel
(BioRad) and transferred to Immobilon-P PVDF membranes
(Millipore). Blots were probed with anti-Ab monoclonal 6E10

Supplementary Table S3. Genes Tested in RNA
Interference Feeding Assays for Synthetic

Defects with Mutants of the Mitochondrial

Thioredoxin System

Gene
category

Gene
name

Gene sequence
designation

Synthetic
phenotype

Thioredoxins trx-1 B0228.5 No
trx-2 B0024.9 No
trx-3 M01H9.1 No
txl Y54E10A.3 No
dnj-27 Y47H9C.5 No
trx-4 Y44E3A.3 No
trx-5 K02H11.6 No

Thioredoxin reductases trxr-1 C06G3.7 No
trxr-2 ZK637.10 No

Glutaredoxins glrx-5 Y49E10.2 NAa

glrx-10 Y34D9A.6 No
glrx-21 ZK121.1 No
glrx-22 C07G1.8 No

Peroxiredoxins prdx-2 F09E5.15 NAa

prdx-3 R07E5.2 No
prdx-6 Y38C1AA.11 No

Glutathione reductase gsr-1 C46F11.2 No

All genes were tested by conducting RNA interference feeding
with the indicated gene in the following genetic backgrounds. The
rrf-3 (pk1426) mutation increases the sensitivity to RNAi (25):
NL2099, rrf-3 (pk1426) II
VZ29, rrf-3 (pk1426) II; trx-2 (tm2720) V
VZ30, rrf-3 (pk1426) II; trxr-2 (tm2047) III
VZ31, rrf-3 (pk1426) II; trxr-2 (ok2267) III
VZ33, rrf-3 (pk1426) II; trxr-2 (tm2047) III; trx-2 (tm2720) V
VZ38, rrf-3 (pk1426) II; trxr-2 (ok2267) III; trx-2 (tm2720) V

aNot applicable. RNAi of these genes caused larval arrest/slow
growth of the rrf-3 (pk1426) control strain.

Supplementary Table S2. Brood Sizes

of the trx-2 and trxr-2 Mutants

Strain name Genotype Average brood sizea – SD

N2 Wild type 255 – 57
VZ13 trx-2 (tm2720) V 305 – 61b

VZ12 trxr-2 (tm2047) III 285 – 41
VZ15 trxr-2 (ok2267) III 251 – 54
VZ17 trxr-2 (tm2047) III;

trx-2 (tm2720) V
300 – 53

VZ22 trxr-2 (ok2267) III;
trx-2 (tm2720) V

219 – 62

aThe total number of progeny from 10 worms of each genotype
were determined.

bp < 0.05 by unpaired two-tailed t-test.
SD, standard deviation.



(Covance) at a 1:1000 dilution and with mouse anti-IgG
(Sigma) at 1:10,000 as a secondary antibody. The ECL kit (GE)
was used for signal detection, following the manufacturer’s
instructions. Monoclonal anti-a-tubulin (Sigma) 1:10,000 was
used as loading control. The quantification of Ab blots was
performed using the ImageJ Software and the statistical
analysis was performed with the Microsoft Excel Software.

For Ab immunohistochemistry, worms were fixed and
permeabilized as previously described (19), except that glu-
taraldehyde was eliminated from the fixation step. Permeabi-
lized worms were stained with monoclonal antibody 6E10
(Covance) at a final concentration of 5 mg/mL and with Alexa-
labeled goat-anti-mouse secondary antibody (Invitrogen) at
20 mg/mL. Stained worms were imaged by shortwave epi-
fluorescence microscopy using a Zeiss Axiophot microscope
equipped with digital deconvolution capacity (Intelligent
Imaging Innovations). Final images were assembled in Photo-
shop by projection images generated from a digital deconvo-
lution series consisting of sixteen 1 lm optical sections.

For amyloid deposits staining, worms were stained with the
amyloid-specific dye X-34 as previously described (18). Briefly,
worms were propagated at 20�C and first-day adults were in-
cubated for 2 h in 20 lL drops of 1 mM X-34 in 10 mM TRIS pH
7.5. Worms were then destained by rinsing once in a drop of
phosphate-buffered saline and then transferring to NGM plates
seeded with E. coli strain OP50 for overnight recovery at 20�C.
Stained worms were anesthetized with sodium azide and
imaged with a Zeiss Axiophot epifluorescence microscope as
just described. The statistical analysis was performed with the
Microsoft Excel Software.

Thioredoxin reductase 2 antibody
production and immunodetection

The synthetic peptides Ac-RTDKRSGKILADEFDRASC-
amide and Ac-CVKLHITKRSGQDPRT-amide derived from
Caenorhabditis elegans thioredoxin reductase 2 (TRXR-2) se-
quence were conjugated to KLH and used to immunize rabbits
(New England Peptides). After four immunizations, serum
was collected and polyclonal antibodies were purified by af-
finity chromatography using a mix of the two peptides. For
TRXR-2 immunoblotting, 100 worms from each strain (grown
in OP50 for one generation) were manually collected at their
first day of adulthood in 15 lL of lysis buffer (NaCl 150 mM,
NP-40 1% and Tris-HCl 50 mM pH 8). After 3 cycles of freeze
thawing in liquid nitrogen, 3 lL of Laemmli buffer 5 · were
added and the mix was heated at 95�C for 10 min. Proteins
were separated by SDS-PAGE using a 10% polyacrylamide gel
(BioRad) and transferred to Immobilon-P PVDF membranes
(Millipore). Blots were probed with anti-TRXR-2 polyclonal
antibody at a 1:1000 dilution and with rabbit anti-IgG (Sigma)
at 1:10,000 as secondary antibody. The ECL kit (GE) was used
for signal detection, following the manufacturer’s instructions.
Monoclonal anti-a-tubulin (Sigma) 1:10,000 was used as load-
ing control. The quantification of TRXR-2 blots was performed
using the ImageJ Software and the statistical analysis was
performed with the Microsoft Excel Software.
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