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SUPPLEMENTARY METHODS 

 
Animal work 

For survival (Kaplan-Meier) analyses mice were treated from 10-days post-

transplant with vehicle or small molecule inhibitors. 1% methylcellulose / 

Everolimus (5mg/kg) was delivered by oral gavage (0.1mL/10g body weight) 

daily and 25mM NaH2PO4 / CX-5461 (25, 30 or 35mg/kg) was delivered by 

oral gavage (0.1mL/10g body weight) every 3rd day. Mice were sacrificed at 

an ethical end-point; hunched posture, ruffled fur, enlarged lymph nodes, 

laboured breathing, weight loss (equal to 20% of start body weight), limited 

mobility or paralysis.   

 
Whole blood was diluted in PBS (1:26) and a white blood cell count was 

determined with a Sysmex XP-100 automated hematology analyzer (Kobe, 

Japan) to determine disease establishment. White blood cells were isolated 

from whole blood (retro-orbital eye-bleeds and cardiac bleeds) by incubation 

in red-blood-cell lysis buffer (144mM NH4Cl, 17mM Tris-HCl pH 7.65) at 37°C. 

Lymph nodes were crushed and a single cell suspension generated in PBS 

supplemented with 2% (v/v) FBS. Bone marrow was isolated from mouse 

tibias and femurs with a 26g needle and a single cell suspension generated in 

PBS supplemented with 2% (v/v) FBS. White blood cells, 1x 106 lymph node 

cells and 1x 106 bone marrow cells were analyzed by flow cytometry for GFP 

and B220 (CD45R) expression (BD Pharmigen 553092). 1 x 106
 bone marrow 

cells were also fixed (95% ethanol), stained with PI (50µg/mL) and analyzed 

by flow cytometry for the SubG1 population. Protein was extracted from the 
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remaining bone marrow cells and analyzed by SDS-PAGE and 

immunoblotting. 

 
Protein analysis 

Protein was isolated with SDS-, Rac-, NP-40- and hypotonic-lysis buffer 

(Supplementary Table 1). Protein concentration was determined with the 

BioRAD Detergent Compatible Protein Assay kit (500-0112) and equal 

amounts of protein were separated by SDS-PAGE prior to transfer to PDVF 

membrane. Membranes were probed with primary and HRP-conjugated 

secondary antibodies (Supplementary Table 2), then exposed to the Western 

Lighting Plus Enhanced Chemiluminescence Kit (Perkin Elmer 

NEL104001EA) and Fujifilm SuperRX film. For MDM2 immunoprecipitation 

(IP) NP-40 protein lysates equivalent to 2mg protein were pre-cleared with 

Magna ChIPTM Protein A magnetic beads (Millipore 16-661) for 1 hour prior to 

incubation with 3µg αGFP or 3µg αMDM2 antibody cocktail (Supplementary 

Table 2) overnight tumbling at 4°C. IPs were isolated following incubation with 

Magna ChIPTM Protein A magnetic beads for 3 hours at 4°C and were 

subsequently analyzed by SDS-PAGE and immunoblotting as described. For 

analysis of free RPs hypotonic protein lysates equivalent to equal cell number 

were concentrated with Vivaspin 2mL centricons (VSO201) in an Avanti J-301. 

Equal volume of concentrated protein lysate (Input) was loaded on the surface 

of a 1.8M sucrose cushion in a polyallomer centrifuge tube (Beckman Coulter 

349623) and centrifuged in a Beckman Coutler Optima MAX-E (55000rpm, 

11.3 hours, 4°C). An equal volume of protein sample was isolated from the 

surface of the sucrose cushion (Supernatant) and the post-spin pellet was 

lysed with SDS-lysis buffer (Pellet). Protein fractions (equal volume) were 



 Dual targeting of the ribosome in MYC-driven cancer (Supplementary Material) 
 

 4 

analyzed by SDS-PAGE and immunoblotting as described. For polysome 

profiling cells were treated with cycloheximide (10µg/mL; Sigma Aldrich) for 

15 minutes prior to harvest and hypotonic protein lysates equivalent to equal 

cell number were sedimented through a 10-40% (w/v) sucrose gradient (ICSO 

Model 160 Gradient Former, Teledyne, Thousand Oaks, CA, USA) in a 

Beckman Coulter Optima L-100 XP (36000rpm, 2.25 hours, 4°C). Gradients 

were separated with an ISCO TrisTM and ribosome monosome / polysome 

peaks were detected with an ISCO UA-6 UV/VIS detector (Teledyne).  Sub-

polysome:polysome ratios were determined by measuring the area under the 

curve (1). 

 
RNA analysis 

RNA was isolated from cells using the Bioline I / II Isolate RNA mini-kits (BIO-

52073). Lysates were supplemented with α32P-UTP riboprobe prior to RNA 

extraction and the percentage riboprobe recovery was determined with a 

TriCarb 2910 TR quanta-counter (Perkin Elmer) as previously described (15). 

cDNA was synthesized from DNase-treated template RNA equivalent to equal 

cell number (corrected for percentage riboprobe recovery) or equal 

concentration using 60U SuperScript III (Invitrogen 18080-044) and 12.25ng 

random hexamer primers (Promega C1181). qRT-PCR reactions comprising 

cDNA, Fast Sybrgreen (Appled Biosystems 438612) and 0.1µM oligo-primers 

(Supplementary Table 3) were analyzed in triplicate with a StepOne Plus 

Real-Time PCR system (Applied Biosystems 4376600). 
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SUPPLEMENTARY TABLES 
 
Supplementary Table 1: Protein Lysis Buffers 
 
Reagent/Buffer Composition 
SDS Lysis buffer 0.5 mM EDTA, 20 mM HEPES, 2% (w/v) 

SDS pH 7.9 
Rac Lysis buffer 50mM Tris-HCl, 120mM NaCl, 1mM EDTA, 

50mM NaF, 40mM β-Glycerophosphate, 
0.1M Na3VO4, 1mM Benzamidine, 1% (v/v) 
nonyl-phenoxypolyethoxylethanol (NP-40), 
0.5mM phenylmethanesulfonylfluoride 
(PMSF), Complete Protease Inhibitors 
(Roche), PhosStop Phosphatase Inhibitors 
(Roche) 

Hypotonic Lysis Buffer (prepared in DEPC-
treated MQ-H2O) 

5mM Tris-HCl-DEPC pH 7.5, 1.5mM KCl-
DEPC, 2.5mM MgCl2-DEPC, 0.5% (v/v) 
TritonX-100, 0.05% (w/v) Sodium 
Deoxycholate-DEPC, 1mM DTT, Complete 
Protease Inhibitors (Roche), PhosStop 
Phosphatase Inhibitors (Roche) 

NP-40 Immunoprecipitation Lysis Buffer 50mM Tris-HCl pH7.5, 150mM KCl, 5mM 
MgCl2, 1mM EGTA, 10% (v/v) Glycerol, 0.8% 
(v/v) NP-40, 1mM DTT, Complete Protease 
Inhibitors (Roche), PhosStop Phosphatase 
Inhibitors (Roche) 

 
 
Supplementary Table 2: Primary and Secondary Antibodies 
 
Protein Protein Mass (kDa) Primary 

Antibody 
Details 

Primary 
Antibody 
Dilution 

Secondary 
Antibody 
Details 

β-Actin 42 kDa MP Biosciences 
691002 

1:30000 Goat-α-Mouse 
HRP (BioRAD 
172-1011) 

AKT 60 kDa Cell Signaling 
# 4691 

1:2000 Goat-α-Rabbit 
HRP (BioRAD 
170-6515) 

phospho-AKT 
(S473) 

60 kDa Cell Signaling 
# 4058 

1:1000 Goat-α-Rabbit 
HRP 

 
BMF 

 
25 – 30 kDa 

Enzo Life 
Sciences 
(Alexis) 
ALX-804-508-
C100 

1:1000 Rabbit-α-Rat 
HRP (Dako P-
045001-8) 

c-MYC 57 kDa Abcam 
ab32072 

1:2000 Goat-α-Rabbit 
HRP 

GFP 27 kDa Santa Cruz 
sc-8334 

NA (IP 
only) 

NA (IP only) 

MDM2 
(2A10) 

90 kDa Millipore 
OP115 

1:200 Goat-α-Mouse 
HRP light chain 
only (Genetex 
GTX 221667-
01) 

MDM2 
(4B11) 

90 kDa Millipore 
OP143 

NA (IP 
only) 

NA (IP only) 

MDM2 90 kDa Santa Cruz NA (IP NA (IP only) 
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(SMP14) sc-965 only) 
p53 53 kDa Leica 

Biosystems 
NCL-P53-505 

1:1000 Goat-α-Mouse 
HRP 

PRAS40 40 kDa Cell Signaling 
# 2610 

1:1000 Goat-α-Rabbit 
HRP 

phospho-
PRAS40 (T246) 

40 kDa Cell Signaling 
# 2997 

1:1000 Goat-α-Rabbit 
HRP 

RPS6 32 kDa Cell Signaling 
# 2217 

1:2000 Goat-α-Rabbit 
HRP 

RPS6 32 kDa Cell Signaling 
# 2317 

1:2000 Goat-α-Mouse 
HRP 

phospho-RPS6 
(S240/244) 

32 kDa Cell Signaling 
# 2215 

1:1000 Goat-α-Rabbit 
HRP 

RPL5 34 kDa Abcam  
#137617 

1:1000 Goat-α-Rabbit 
HRP 

RPL11 
(3A4A7) 

20 kDa Life 
Technologies 
37-3000 

1:1000 Goat-α-Mouse 
HRP 

α-Tubulin 55 kDa Sigma Aldrich 
T5168 

1:10000 Goat-α-Mouse 
HRP 

4EBP1 15 – 20 kDa Cell Signaling 
# 9452 

1:1000 Goat-α-Rabbit 
HRP 

phospho-4EBP1 
(T37/46) 

15 – 20 kDa Cell Signaling 
# 9459 

1:1000 Goat-α-Rabbit 
HRP 

phospho-4EBP1 
(S65) 

15 – 20 kDa Cell Signaling 
# 9451 

1:1000 Goat-α-Rabbit 
HRP 

 
 
Supplementary Table 3: Oligo-primers for qRT-PCR 
 
Gene Species Direction Sequence 
47S pre-rRNA 
5’ External 
Transcribed 
Sequence 
(5’ETS)1 

Mouse Forward 5’CCAAGTGTTCATGCCACGTG3’ 
 

  Reverse 5’CGAGCGACTGCCACAAAAA3’ 
p212 Mouse Forward 5’CCAGACATTCAGAGCCACAGG3’ 
  Reverse 5’GGTCGGACATCACCAGGATT3’ 
puma2 Mouse Forward 5’GAGCGGCGGAGACAAGAA3’ 
  Reverse 5’GGCGTCCCATGAAGAGATTGTACAT3’ 
β2-microglobulin 
(β2M)2 

Mouse Forward 5’TTCACCCCCACTGAGACTGAT3’ 

  Reverse 5’GTCTTGGGCTCGGCCATA3’ 
 
1   Designed by Professor Ross Hannan (John Curtin School of Medical Research, 
ANU, Acton, ACT, Australia) 
2 Designed by Doctor Gretchen Poortinga and Doctor Meaghan Wall (Peter 
MacCallum Cancer Centre, East Melbourne, VIC, Australia) 
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SUPPLEMENTARY FIGURES 

 
Figure S1 related to Figure 1 

(A) Annexin-V plus PI analysis of Eµ-Myc B-lymphoma cells (clone #4242) 

treated as indicated for 24 hours. (B) Western analysis of Eµ-Myc B-

lymphoma cells (clone #4242) treated as indicated for 3 and 24 hours. (C) 

qRT-PCR analysis of Eµ-Myc B-lymphoma cells (clone #4242) treated as 

indicated for 3 hours. (D) Densitometry analysis of co-immunoprecipitated 

RPL11 abundance (related to Fig.1D). IP RPL11 and IP MDM2 protein 

abundance were normalized to their respective Input and fold change over 

vehicle was determined. (E) qRT-PCR analysis of Eµ-Myc B-lymphoma cells 

(clone #4242) treated as indicated for 3 hours. (F) Western analysis of 

exponentially growing Eµ-Myc B-lymphoma cells (clone #4242 MSCV Cherry 

Bcl-2, #14 (Bmf-/-), #31 (Tp53mutant Bmf-/-)). (G – H) Annexin-V plus PI analysis 

of Eµ-Myc B-lymphoma cells (clone #4242 and #14 (Bmf-/-)) treated as 

indicated for 24 hours. Graphs represent mean +/- SEM of n=3. Westerns are 

representative of 3 independent experiments. n.s. – non-significant, * p<0.05, 

** p<0.01 and *** p<0.001. Data was analyzed by student t-test. 

 
Figure S2 related to Figure 2 

Annexin-V plus PI analysis of Eµ-Myc B-lymphoma cells (clone #4242) 

treated as indicated for (A) 24 and (B) 6 hours. (C) Combination drug index 

(CDI) values for highest dose ratios (related to Fig.S1B – C) calculated as 

described previously (2). (D) Proportion of GFP-positive Eµ-Myc B-lymphoma 

cells (clone #107 MSCV Gfp) cells present in the bone marrow of transplanted 

wild-type mice treated as indicated for 72 hours with representative flow 
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cytometry dot-plots (E) Quantitation of axillary lymph node size (number of 

cells) of wild-type mice transplanted with Eµ-Myc B-lymphoma cells (clone 

#107 MSCV Gfp) and treated as indicated for 72 hours. (F) Proportion of 

GFP-negative and B220-positive lymphocytes (WT B-cells) in the circulating 

blood of wild-type mice transplanted with Eµ-Myc B-lymphoma cells (clone 

#107 MSCV Gfp) and treated as indicated for 72 hours. Graphs represent 

mean +/- SEM of n=3 (A and B) and 5 mice per group (D – G). * p<0.05, ** 

p<0.01 and *** p<0.001. Data was analyzed by two way ANOVA (A and B) 

and student t-test (D – G). 

 
Figure S3 related to Figure 3 

(A) Western analysis of Eµ-Myc B-lymphoma cells (clone #226, #3239 (Tp53-

/-) and #3391 (Tp53-/-)) treated as indicated for 3 hours. (B) Annexin-V plus PI 

analysis of Eµ-Myc B-lymphoma cells (clone #226, #3239 (Tp53-/-) and #3391 

(Tp53-/-)) treated as indicated for 24 hours. (C) Densitometry analysis of p53 

protein abundance (related to Fig.3A). p53 protein abundance was normalized 

to β-Actin and fold change over vehicle was determined. (D) Western analysis 

of Eµ-Myc B-lymphoma cells (clone #4242) treated as indicated for 6 hours, 

plus densitometry analysis of p53 protein abundance. (E) 

Immunofluorescence analysis of Eµ-Myc B-lymphoma cells (clone #4242 

MSCV Cherry Bcl-2) treated as indicated for 3 hours. (F) Western analysis of 

Eµ-Myc B-lymphoma cells (clone 4242 MSCV Cherry Bcl-2) treated as 

indicated for 24 hours. Densitometery analysis of protein abundance was 

normalized to β-Actin protein abundance and fold change over vehicle was 

determined. Graphs represent mean +/- SEM of n=3 or (C) n=4. 

Immunofluorescence images are representative of 2 independent experiments 



 Dual targeting of the ribosome in MYC-driven cancer (Supplementary Material) 
 

 9 

and scale bar is 5µm. Westerns are representative of 3 (G) or 4 (E) 

independent experiments.  n.s. – non-significant, # p<0.05, ** p<0.01 and *** 

p<0.001. Data was analyzed by student t-test.  

 
Figure S4 related to Figure 4 

(A) Annexin-V plus PI analysis of Eµ-Myc B-lymphoma cells (clone #3239 

(Tp53-/-)) treated as indicated for 24 hours. (B) Comparison of mean survival 

extension (days) provided by best single agent and combination treatment for 

different Eµ-Myc B-lymphoma clones in vivo (related to Fig.5D). (C) Western 

analysis of Eµ-Myc B-lymphoma cells (#14 (Bmf-/-), #31 (Tp53mutant Bmf-/-)) 

treated as indicated for 3 hours. (D) Kaplan meier curve of wild-type mice 

transplanted with (clone #4242 MSCV Gfp) treated with CX-5461 (30 and 

35mg/kg every 3rd day). Graphs represent mean +/- SEM of n=3. Westerns 

are representative of 3 independent experiments. Survival curve represents 5 

mice per group. Data was analyzed by log-rank (Mantel-Cox) and Gehan-

Breslow-Wilcoxin tests. 
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