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TABLE S1. Schizosaccharomyces pombe strains 
 
Strain Genotype Source 
691 h- 972 Lab stock 
35 h- cdc2-1w  Lab stock 
175 h- cdc2-3w Lab stock 
1365 h- rad1::ura4+ ura- T.Carr/This study 
1357  h- rad9::ura4+ ura- T.Carr/This study 
1367  h- rad17::ura4+ ura- T.Carr/This study 
1375 h- rad3::ura4+ ura- T.Carr/This study 
315 h- chk1::ura4+ ura4-D18 T.Carr/This study 
1363 h- cds1::ura4+ ura- T.Carr/This study 
1361 h- rad24::ura4+ ura4-D18 T.Carr/This study 
1305 h+ rad22A::ura4+ade6-M216 ura4-D18 leu 1-32 A.Pastink 
1278 h- rad54::ura4+ ura4-D18  G.Smith/This study 
1351 h+ rad51::ura4+ ura4-D18 A.Pastink/This study 
1281  h- rad2::ura4+ ura- T.Carr/This study 
1373 h+ uve1::LEU2 leu1-32 T.Carr/This study 
1442 h90 swi10::ura4 ura4-D18 O. Fleck 
1443  h- rph14::KanMx his3-D1 leu1-32 ura4-D18 O. Fleck 
1277 h90 rad16::ura4+ ura4-D18 H. Schmidt 
1283 h- rad13::ura4+ ura- T.Carr/This study 
1352 h+ rad51::ura4+ rad13::ura4+ ura- This study 
1356  h- rad13::ura4+ ura- leu1-32 + pIRT2 rad13+ This study 
1444 h- rad13::ura4+ + pREP3x rad13+ This study 
1445 h- rad13::ura4+ + pREP3x rad13+ This study 
1012 h+ chk1-HA leu- ade- T.Carr 
1380  chk1-HA rad13::ura4+ ura-  This study 
1446 h- rad13E779A  ura- This study 
1447 h- rad13C∆ ura- This study 
1448 h- rad13P∆ ura- This study 
1449  h- rad13D∆ ura- This study 
1450  h- rad13R961A ura- This study 
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Materials and Methods 
 

 Construction of rad13 deletion mutants and rad13-point-mutated strains. 
The rad13C∆ deletion allele was generated by joining two PCR products in plasmid 

pGEM-T Easy. The construction was created as follows: A PCR fragment containing 

the N-terminal part of Rad13 (amino acids 1 to 924) together with 449bp of the 5´ UTR 

was amplified using the pair of oligonucleotides R5 (5´-

CAGATTTGGTAGCAATCACAGAAAGGT-3´) and DEAXho (5´-

ATCCACGGCCGGATGCTCGAGAGGTTCATCAAC-3´). This PCR fragment was 

cloned into plasmid pGEM-T resulting in plasmid pGEMT1-924. In a second PCR, a 

DNA fragment containing the nuclear localization signals (NLSs) of Rad13 (amino 

acids 1047-1112) together with 480 bp of the 3´ UTR was amplified using the primers 

XhoLQS (5´-AAGCATCACTCGAGCTACAAAGCCGTATTC-3´) and SPEC (5´-

TGCTCAACTTACGAACTAGTTCAACAGCTT -3´). A XhoI site present in DEAXho and 

XhoLQS and a SpeI site present in SPEC (underlined) allowed us to join the two PCR 

products when plasmid pGEMT1-924 was linearised with XhoI-SpeI and ligated to the 

second PCR fragment digested with the same two enzymes.  

 The rad13P∆ deletion allele was also created by joining two PCR products: A 

DNA fragment containing the N-terminal part of Rad13 (amino acids 1 to 969) together 

with 449bp of the 5´ UTR was amplified using the pair of oligonucleotides R5 and XhoN 

(5´-CCACGAATTGCTTTTTATGCATGTCCTCGAGAACCGGAA-3´), and cloned into 

plasmid pGEM-T. The resulting plasmid, pGEMT1-969, was digested with XhoI and 

NotI and ligated to a PCR fragment, containing the amino acids 1001 to 1112 of Rad13 

together with 480 bp of the 3´ UTR. The second DNA fragment was amplified with the 

pair of primers XhoC (5´-

TGGTAATACTAATGTATATGCGCTCGAGGTTGCATACCAT-3´) and NotC 

(TTTGCTCAACTTAGCGGCCGCTTCAACAGCTTTTACTGC). A XhoI site introduced 

in primers XhoN and XhoC and a NotI site designed in the primer NotC (underlined) 

permitted cloning of the fragment in pGEMT1-969. The resulting plasmid was named 

pGEMTrad13P∆. 

 The rad13D∆ construction was created as follows: Plasmid pGEMT1-924 was 

linearized with XhoI and SpeI and ligated to a PCR product containing nucleotides 

encoding amino acids 970-1112 together with 480 bp of the 3´ UTR. The PCR DNA 

fragment was obtained with the pair of primers XhoPCNA (5´-

GAAGTTTTACTTCTCGAGATACAAGACATGCAT-3´) and SPEC. Primer XhoPCNA 

contained a designed XhoI site and primer SpeC had a SpeI site that allowed amino 

acids 924 and 970 to be joined in plasmid pGEMTrad13D∆  
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 The Rad13 codons encoding glutamic acid 779 or arginine 961 were replaced 

with codons encoding alanine by PCR using the QuickChange XL-Site-Directed 

Mutagenesis Kit (Stratagene), plasmid pGEMTrad13 as the template and the pairs of 

primers RAD13A (5´-GTTGCTCCTCAAGAAGCAGCAGCCCAGTGTTCTAAACTT-3´), 

RAD13B (5´-AAGTTTAGAACACTGGGCTGCTGCTTCTTGAGGAGCAAC-3´) and 

RARG-5 (5´-CTGTGGGTTGGTCAAAACAAGCAACTAATGAAGTTTTACTTCCGG-3´), 

RARG-3 (5´-CCGGAAGTAAAACTTCATTAGTTGCTTGTTTTGACCAACCCACAG-3´), 

respectively. The resulting plasmids were designated pGEMrad13E779A and 

pGEMTrad13R961A.  

 S. pombe strains  rad13C∆, rad13P∆, rad13D∆, rad13E779A and rad13R961A 

were created by digestion of the corresponding plasmids with the PGEM-T polylinker 

restriction enzymes SacII/NotI and transformation of S. pombe rad13∆ strain with the 

different mutant alleles. The S. pombe rad13∆strain was constructed by Carr et al. (1) 

and contains most of the ORF (amino acids 24-1096) replaced by the ura4+ gene. 

After transformation with the mutated alleles, ura- derivatives were selected in medium 

containing 5-fluoroorotic acid (5-FOA).  

An HA tag was added at the C-terminal end of Rad13 wild-type and mutant proteins 

using a PCR-based method described by Bahler et al (2). A PCR fragment containing 

the last 26 aminoacids from the C-terminal end of Rad13 without the stop codon 

together with the HA tag and the KanMX6 module was amplified using the pair of 

oligonucleotides RAD13HAFOR (5´-

CAATTTCTATTGAGAATCTACCTAGAAAAACCAAGCTTAGTACTAGCTTACTAAAAA

AACCCAGCAAAAGAAGAAGAAAACGGATCCCCGGGTTAATTAA-3´) and 

RAD13HAREV (5´-

AAGAAAAATTGTAAATAATCAAAACACGAATAAATCACAAAATATAAGCTATGTTGC

TCAATTACTTTGTCTAAACACAGG-3). Plasmid pFA6a-3HA-KanMX6 was used as 

template. S. pombe strains  972, rad13E779A rad13C∆, rad13P∆, rad13D∆, and 

rad13R961A were transformed with the PCR fragment and selected in medium 

containing G418. Correct integration of the different constructions in the yeast 

chromosome was verified by PCR and Southern Blot analysis.  

Construction, refinement, and molecular dynamics simulations of a 
Rad13:DNA-trabectedin ternary complex. Two separate fragments of the nuclease 

core of Rad13 were built independently using the automated protein modeling server 

3D-PSSM (http://www.sbg.bio.ic.ac.uk/~3dpssm/index2.html) and the structures of free 

and DNA-bound FEN-1 as templates (Protein Data Bank codes: 1b43 and 1rxw, 

respectively): the first (Gly5-Glu99) corresponded to the N-region, whereas the second 

one (Lys742-Val969) comprised the I-region plus the following 100 amino acids that 
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fold into two α-helices (α14 and α15) that are involved in DNA binding (the second 

helix-turn-helix domain). To build the Rad13:DNA complex, the resulting protein was 

mounted onto the FEN-1:DNA complex using structurally equivalent Cα carbons in the 

atom superposition. This was followed by a manual search for optimal side-chain 

conformations using the built-in library of conformers within Insight II (Accelrys). For 

each “mutated” residue, the rotamer producing the most favorable unbound interaction 

or the lowest steric clash was chosen. This initial model was refined by means of 1000 

steps of steepest-descent energy minimization followed by 2000 steps of conjugate-

gradient energy minimization. In both cases, all Cα carbons were harmonically 

restrained to their initial positions to allow the readjustment of covalent bonds and van 

der Waals contacts without changing the overall conformation of the complex. The 

resulting model was then used as a starting point to build the Rad13:DNA-trabectedin 

complex in which the minor groove is widened due to the presence of the drug. To this 

end, the terminal bases from the trabectedin-d(TAACGGTTA)2 complex (PDB entry 

1ezh) were removed and the resulting T:A terminal base-pair of the adduct was 

superimposed onto the terminal G:C base-pair of the refined Rad13:DNA complex, 

taking special care that all crucial interactions with the hydrophobic wedge (conserved 

Val42, Leu50 from the α2-α3 loop, and Val56 from α3 ) were maintained. The 3´ 

overhang from the Rad13:DNA complex was kept and ligated to the rest of the 

oligonucleotide, ensuring that the hydrogen bond between its terminal 3’ hydroxyl and 

Ser52 from α3 was kept. By following this procedure, trabectedin was bonded to the 3´ 

flap-containing strand at a position located three bases upstream from the 3’-

overhanging nucleotide.  

The Rad13:DNA-trabectedin complex was then refined using the same protocol 

described above, and the stability and dynamic behavior of the complex were studied 

by performing a molecular dynamics (MD) simulation. The complex was first 

neutralized by the addition of seven sodium ions that were placed in electrostatically 

favored positions and then immersed in a rectangular box of ~9300 TIP3P water 

molecules that extended 8 Å away from any solute atom. The cutoff distance for the 

nonbonded interactions was 9 Å, and periodic boundary conditions were applied. 

Electrostatic interactions were represented using the smooth-particle mesh Ewald 

method with a grid spacing of 1 Å. The coupling constants for the temperature and 

pressure baths were 1.0 and 0.2 ps, respectively. The SHAKE algorithm was applied to 

all bonds involving hydrogens, and an integration step of 2 fs was used throughout. 

The unbound pair list was updated every 10 steps. The MD simulation was run at 300 

K and 1 atm for 1.0 ns using the SANDER module in AMBER 8 
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(http://amber.scripps.edu/doc8/amber8.pdf). Cα atoms from protein regions not 

involved in DNA-binding were restrained by means of a harmonic restraining function 

with a force constant of 2 kcal mol-1Å-2. 
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Results  
 

Trabectedin causes cell cycle arrest in G2/M in fission yeast. To confirm the G2/M 

arrest phenotype induced by trabectedin we decided to address  the issue of whether 

trabectedin treatment could compensate for situations in which cells accelerate entry 

into mitosis, such as in wee mutants or after nitrogen starvation (3, 4). First, we 

analyzed whether treatment with the drug could suppress the G1 population (1C DNA 

content) and the small cell size phenotype of wee mutants. These mutants enter 

mitosis prematurely (at a reduced cell size) due to the premature activation of the 

Cdk1/Cyclin B mitotic kinase complex. As a consequence small cells are produced that 

need to delay G1 progression to reach the minimal cell size requirement to initiate a 

new cell cycle (4). This G1 population was observed by FACS analysis (Fig. S1A, left 

panel t=0 hours; compare to t=0 in Fig. 1A, in a wild-type situation the G1 peak is never 

observed). cdc2-3w and cdc2-1w cells that were initially smaller than control wild-type 

cells increased their cell size over the wild-type control after 10 hours of drug treatment 

(Fig. S1A, right panel). This correlates with the disappearance of the G1 population 

detected by FACS analysis (Fig. S1A, left panel), since these cells were now big 

enough to initiate a new cell cycle without delaying G1 progression. 

S. pombe cells are advanced into mitosis upon being shifted to nitrogen-free 

media (4). These cells complete two rounds of cell division before arresting in G1. 

Advanced entry into mitosis is visualized by a reduction in cell size shortly after the 

removal of nitrogen from the media (Fig. S1B, left panel, see arrow). The final G1 arrest 

is visualized as an increase in the 1C population after 5 hours of nitrogen depletion, 

corresponding to two doubling times (Fig. S1B, right panel, 5-6 hours). When cells 

were treated with trabectedin, mitosis entry was delayed and there was less reduction 

in cell size (Fig. 1C, left panel, see arrow). As a consequence, these cells did not have 

time to complete the second round of cell division before running out of nutrients, and 

they arrested in G2 after the first division (Fig. S1B, right panel see arrow). This and the 

previous experiment indicate that trabectedin in fission yeast causes a cell cycle delay 

in G2/M. 

 

 

Figure S1. Trabectedin causes a G2/M delay in S. pombe. A, left panel, FACS analysis 

of a time-course experiment using the wee mutants cdc2-1w and cdc2-3w treated with 

trabectedin. Treatment with trabectedin eliminated the characteristic G1 population of 

these mutants. Right panel, size of the same cells at the indicated times of the time-

course experiment. Trabectedin treatment increased the cell size of the wee mutants. 
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B, FACS analysis of wild-type cells after nitrogen depletion in the absence or the 

presence of trabectedin. Left panel shows the cell size reduction as a consequence of 

the advancement into mitosis induced by nitrogen depletion. Trabectedin-treated cells 

entered mitosis more slowly (see arrows) than untreated cells. Right panel shows the 

cell cycle position of the cells. Trabectedin-treated cells were mainly blocked in G2 in 

the first cell cycle. 

 

Figure S2. Sensitivity to trabectedin of different Rad13-HA tagged mutants.  
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