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1. Supplemental Tables 

Table S1. Yeast strains used and generated in this study. 

Strain Genotype Source/reference 

Saccharomyces cerevisiae 

BY4741 MATa his3Δ1 leu2Δ0 met15Δ0 ura3Δ0 Euroscarf * 

Y02262 BY4741 but dph1∆::kanMX4  Euroscarf 

Y00388 BY4741 but kti13/dph8∆::kanMX4 Euroscarf 

CBY12 BY4741 but kti11/dph3∆::kanMX4 [1] 

Y04960 BY4741 but kti12∆::KanMX Euroscarf 

LL20 MAT leu2-3,112 his3-11,15 [2] 

ARB97 LL20 but kti4-1/hrr25-3 [2] 

Y03744 BY4741 but sit4∆::kanMX4 Euroscarf 

TKY675 MATa ade2 leu2 ura3 his3 trp1 eft1∆::HIS3 

eft2∆::TRP1 + pTKB612 (EFT2-[His]6 LEU2 CEN) 

[3] 

 

TKY675 dph1∆ TKY675 but dph1∆::kanMX4 This study 

TKY675 dph5∆ TKY675 but dph5∆::kanMX4 This study 

TKY675 dph8/kti13∆ TKY675 but kti13/dph8∆::kanMX4 This study 

Kluyverromyces lactis 

AWJ137 MATa leu2 trp1 [k1+ k2+] [4] 

 
* http://www.euroscarf.de/index.php?name=News 

 

 

Table S2. Primers used for PCR-based generation of gene deletion and verification. 

Name Sequence (5’ → 3’) Application 

DPH1koF CGCCTTGCCTAGCCAACAACTTTGTCGGTAGGTCCAAATCCAGCTG
AAGCTTCGTACGC 

DPH1 ko ** 

DPH1 koR TCGCTCCTGCCTATCTTCGAGATCGAGAACTCCAATCCAGTTGTGG
CATAGGCCACTAGTGGATCTG 

DPH1 ko 

DPH5 koF AACGAACAGGATATAGAGTGAATAAAGGACAGTGAGAAAACAGCT
GAAGCTTCGTACGC 

DPH5 ko 

DPH5 koR CATTATAAAAAAGAAACTACACATGAGCGTGTGCATTACCTGCATA
GGCCACTAGTGGATCTG 

DPH5 ko 

DPH8/ 
KTI13 koF 

CGCAAGTGATGGAATGTGATCATTAAAGGCTATAACAGGCTTGTAT
CCAGCTGAAGCTTCGTACGC 

DPH8/ 
KTI13 ko 

DPH8/ 
KTI13 koR 

ATGGACATCTATGTATATGATAGTGGGTATATAGTTACTTATCAGGC
ATAGGCCACTAGTGGATCTG 

DPH8/ 
KTI13 ko 

DPH1-F CCATCAGTTTCGACCTCTTG ko ver *** 

DPH1-R TAGTCACCGGTTGGGCATAG ko ver 

DPH5-F GAGGAGTTGGCTTTCTTCAG ko ver 

DPH5-R AGCGGACATTGCCGTGTACC ko ver 

KTI13-F AGTCGGGTGTCCACCAGTAG ko ver 

KTI13-R AGGGATAACGTCAGTCGGAGTTC ko ver 

kanMX-R TTGGCAACGCTACCTTTGCC ko ver 

Abbreviations: ** ko: gene knock-out; *** ko ver: gene knock-out verification  



Diphthamide role for yeast gene KTI13/DPH8 

3 
 

2. Supplemental Methods 

Two-step purification of His-affinity tagged EF2 by IMAC and SEC 

Purification of His-tagged EF2 from reporter strain TKY675 carrying EFT2-[His]6 on 

single-copy plasmid pTKB612 as sole genetic EF2 source [3] and its variants, i.e., 

dph1∆, dph5∆ and kti13/dph8∆ (Table S1) was achieved by immobilized metal ion 

affinity chromatography (IMAC) (Fig. S2). We used 5 ml HisTrap columns (HP His tag 

protein purification columns, GE Healthcare, Chicago, USA) that enable the [His]6 

affinity-tag on EF2 to bind to nickel ions coupled to a sepharose resin. The IMAC 

protocol together with modifications from the previously described one by Jørgensen 

et al. [3] was as follows. TKY675 cells were grown in YPD at 30°C and harvested at 

OD600 ~3. After centrifugation (5.000 rpm, 20 min, 4°C) in a JA-18.1 fixed-angle 

aluminum rotor (Beckman Coulter, Brea, USA), the cell pellet was suspended in 1 ml 

per 1 g cells buffer A (50 mM potassium phosphate, pH 8.0, 1 M KCl, 0.2 mM PMSF, 

1% tween 20, 10 mM imidazole). Cells were frozen in liquid nitrogen, grinded and 

thawed in lysis buffer (10 mM HEPES, 10 mM KCl, 1.5 mM MgCl2, 2 mM benzamidine, 

0.5 mM PMSF) containing 1 tablet EDTA-free protease inhibitor complete (Roche, 

Basel, Switzerland). The lysate was adjusted to pH 7.7 and centrifuged (12.500 rpm, 

20 min, 4°C) in a JA-30.50 Ti fixed-angle titanium rotor, (Beckman Coulter, Brea, USA). 

Afterwards, the supernatant was centrifuged (45.000 rpm, 1 h, 4°C) in an 

ultracentrifuge type 45 Ti fixed-angle titanium rotor (Beckman Coulter, Brea, USA). The 

resulting supernatant was filtered through glass fibre filters and two HisTrap 5 ml 

columns were used for affinity purification of His-tagged EF2-His on an ÄKTATM protein 

purification system (GE Healthcare, Chicago, USA). The columns were equilibrated 

with 5 column volumes (CV) of purification buffer A before the sample was loaded 

(~150 ml). The columns were washed with 5 C V of buffer B (50 mM potassium 
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phosphate, pH 8.0, 1 M KCl, 0.2 mM PMSF, 1% tween 20, 20 mM imidazole), and the 

proteins were eluted with 3 CV of buffer C (50 mM potassium phosphate, pH 8.0, 1 M 

KCl, 0.2 mM PMSF, 1% tween 20, 500 mM imidazole). 

The elution was collected in 2 ml fractions, which were then loaded onto 12% 

SDS-PAGE (Fig. S2). to identify the fractions containing His-tagged EF2. Size 

exclusion chromatography (SEC) was performed with a HiLoad 26/60 Superdex 200 

column (GE Healthcare, Chicago, USA) (Fig. S3). The column was equilibrated with 

350 ml buffer D (20 mM Tris-HCl, pH 7.5, 100 mM KCl, mM EDTA pH 8.0, 10% glycerol, 

1 mM PMSF, 2 mM DTT). The sample was loaded and run with a flow rate of 1 ml/min, 

collecting 2 ml fraction. Fractions were analyzed by SDS-PAGE (Fig. S3) to identify 

the ones containing His-tagged EF2 and verified by Western blots using anti-His 

antibodies (Santa Cruz Biotechnology, Dallas, USA). Pooled EF2 fractions were 

concentrated using a 30 kDa cut-off concentrator to a concentration of ~8 mg/ml and 

stored at -80°C. 
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4. Supplemental Figures 

Fig. S1: 
 
 
 
 
 
 
 
 

 
 

 

 

FIGURE S1: Western blots of total cell extracts from the indicated genetic backgrounds of 
strains BY4741 (left panels) and TKY675 (right panels). Amounts of total EF2 and 
unmodified EF2 were detected with anti-EF2(pan) (top panels) and anti-EF2(no 
diphthamide) antibodies (middle panels), respectively. The anti-Cdc19 antibody 
recognizing pyruvate kinase (bottom panels) was used as loading control. Black asterisks 
denote EF2 degradation products; detection of unmodified EF2 (middle panels) is 
indicated with a red asterisk. Note that in relation to BY4741, EF2 gene copy reduction of 
TKY675 [Table S1] causes lower-than-normal EF2 expression levels and that the DPH1 
gene deletion (dph1∆) in either strain background triggers higher levels of unmodified EF2 
(middle panels) compared to its wild-type parent. 
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Fig. S2: 
 
 
 

 
 
 
FIGURE S2: Purification of His-EF2 from TKY675 – IMAC. (A) IMAC was performed on 
an ÄKTATM purification system using 5 ml HisTrap (HP His tag protein purification) columns 
(Supplemental Methods). Monitoring was done with the UNICORN 5.11 (Build 407) 
software. The report of the run is shown as complete chromatogram (top panel) or zoomed-
in peak area (bottom panel). (B) SDS-PAGE and Coomassie stain to follow IMAC and 
purification of His-tagged EF2 at 95-100 kDa (marked by an asterisk). His-tagged EF2 was 
pooled (fractions A5-A7) for further purification by SEC (Fig. S3). MWM: molecular weight 
markers. 

 
 
 



Diphthamide role for yeast gene KTI13/DPH8 

7 
 

Fig. S3: 
 
 
 
 

 
 

 
 
FIGURE S3: Purification of His-EF2 from TKY675 – SEC. (A) SEC was performed with 
a HiLoad 26/60 Superdex 200 column on an ÄKTATM system (Supplemental Methods, 
above) and monitored with the UNICORN 5.11 (Build 407) software. The run report of the 
complete chromatogram (top panel) and zoomed-in peak area (bottom panel) is shown. 
(B) SDS-PAGE showing EF2 purification upon SEC. The gel was stained with Coomassie 
Brilliant Blue. Purified His-tagged EF2 (marked by an asterisk) was pooled (fractions G6-
G12 & H1-H11) and used for mass spectrometric analysis. MWM: molecular weight 
markers. 
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Fig. S4: 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
FIGURE S4: Analysis of diphthamide modifcation states on EF2 purified from the indicated 
TKY675 genotypes after IMAC and SEC. Total amounts of His-tagged EF2 and unmodified 
EF2 were detected with anti-EF2(pan) (top panel) and anti-EF2(no diphthamide) 
antibodies (bottom panel), respectively. A red asterisk indicates unmodified His-tagged 
EF2 (bottom panel); black asterisks denote EF2 degradation (both panels). Note that in 
relation to the TKY675 parent, higher levels of unmodified His-tagged EF2 purify from 
dph1∆, dph5∆ and kti13∆ cells. 
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Fig. S5: 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
FIGURE S5: Comparative expression analysis between His-tagged and native EF2. 
(A) Western blot using anti-(His)6 antibodies to confirm expression of His-tagged EF2 in 
cell extracts from two independent clones of TKY675 (eft1∆ eft2∆ pEFT2-[His]6) [Table S1] 
not BY4741 (EFT1 EFT2). (B) Western blot using anti-EF2(pan) to follow up global EF2 
levels in cell extracts from the indicated BY4741 genotypes. Asterisks denote EF2 
degradation patterns similar between TKY675 and BY4741. An antibody recognizing 
pyruvate kinase (anti-Cdc19) was used as loading controls. 
 


