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Figure S1. Endogenous expression levels of pri-, pre- and mature miRNAs 

Northern blotting (NB) analysis of pre- and mature let-7a in several cell lines. Also 

shown is the RT-PCR analysis of pri-let-7a family. 



 
 

Figure S2. RNA affinity purification 

(A) (a) Shown is the schematic of the RNA affinity purification method. (b) Listed 

are the proteins pulled down by pre-let-7a-1. pre-miR-16-1 was used as a control. 

(B) The pre-let-7 specific Lin28-pulldown was confirmed with Western blotting 

(WB) using anti-Lin28b antibody. 



 

 

Figure S3. Suppression of let-7 biogenesis by Lin28a in mouse ES cells 

Lin28a was knocked down in mES cells. MiRNA was analyzed with NB. WB using 

anti-Lin28a antibody shows the degree of Lin28a knockdown. 



 

 

 

 

 

 

 

Figure S4. Suppression of let-7 activity by Lin28a in HEK293T cells 

The activity of mature let-7a was measured with a luciferase assay. pri-let-7a-1 and 

protein expression plasmids were cotransfected with the renilla and the firefly 

luciferase genes into HEK293T cells. The 3' UTR of the firefly gene contained three 

binding sites of let-7a. The signal from the firefly luciferase was first normalized 

with that from renilla. Then the signal was renormalized with that from the firefly 

luciferase gene that lacked let-7 binding sites. 



 

 
 

Figure S5. Reduction of mature let-7 by Lin28 in vivo 

(A) NB and RT-PCR analyses of pri-let-7e with Lin28-cotransfected HEK293T cells. 

Though the juxtaposed lanes are not contiguous, all of them are from a single gel, 

which is true of all the membranes with dashed lines. 

(B) NB and RT-PCR analyses of pri-let-7g with Lin28-cotransfected HEK293T cells. 



 

 

 

 

Figure S6. Reduction of mature let-7 by Lin28 and of pre- and mature let-7 by 

Drosha in vivo 

NB analysis of let-7g and miR-16 with either Lin28a- or Drosha-cotransfected 

HEK293T cells. The transdominant Drosha mutant is marked as TN. The pri-miR-

16-1 was transfected together with pri-let-7g. While the Drosha mutant suppresses 

both pre- and mature let-7, Lin28 suppresses the mature form only. 



 

 

 

 

 

Figure S7. No observation of pre-miR-16 terminal uridylation 

(A) NB analysis of the endogenously expressed miR-16 with the same membrane 

used in Figure 3A. 

(B) NB analysis of the ectopically expressed pri-miR-16-1. 



 

 

 

Figure S8. RNase H cleavage reaction 

Lin28-associated miRNA was extracted via FLAG-Lin28 immunoprecipitation with 

HEK293T cells cotransfected with pri-let-7a-1 and FLAG-Lin28. The extracted RNA 

was incubated with RNase H and oligo-DNA of (dA)18, (dC)18, (dT)18, and (dG)18. 

Because RNase H is an endonucleolytic enzyme that cleaves the RNA strand in 

the DNA-RNA hybrid, oligoU-containing RNA is expected to be slightly shortened 

after the reaction. The elongated pre-let-7 species became shortened upon 

addition of RNase H and (dA)18 but not with other oligos. 



 

 

 

 

Figure S9. In vitro uridylation of pre-let-7g and pre-miR-30a 

(A) The 5' end labeled synthetic pre-let-7g was incubated with extracts from 

HEK293T cells transfected with Lin28a. 

(B) The 5' end labeled synthetic pre-miR-30a was incubated with extracts from 

HEK293T cells transfected with Lin28a. 



 

 

Figure S10. In vitro decay of pre- and up-let-7 

In vitro decay assay to compare the stabilities of pre- and up-let-7a-1. Gel-purified 

pre- and up-let-7a-1 were incubated with cell extracts from HEK293T cells. The 

cells were transfected with transdominant negative (TN) Dicer which contains point 

mutations at both RNase III domains. Dicer processing is effectively blocked by the 

catalytically dead mutant, therefore, the processing product (~22nt) of the pre-

miRNA is not observed. The quantative analysis is available in Figure 4E. 



 

 

 

Figure S11. Inhibition of Drosha and Dicer processings by Lin28 in vitro 

(A) In vitro processing of pri-let-7a-1, pri-let-7g and pri-miR-16-1 by Drosha with 

recombinant Lin28b (rLin28b) present. Immunoprecipitates from Mock-, TN 

Drosha- and wildtype Drosha-transfected HEK293T cells were used for pri-miRNA 



processing. The rLin28b concentrations are 0, 5, 50 and 500 nM for the wild-type 

Drosha. 

(B) In vitro processing of pre-let-7a-1, pre-let-7g and pre-miR-16-1 by Dicer with 

rLin28b present. Mock- and Dicer-transfected HEK293T cell extracts were used for 

pre-miRNA processing. The rLin28b concentrations are 0, 15, 30, 60 and 200 nM. 

 

 



Supplemental Experimental Procedures 
 

Cell Culture and Transfection 

HEK293T, HepG2, Hep3B, HeLa and Huh7 cells were cultured in DMEM 

(WelGENE) supplemented with 10% FBS (WelGENE). Plasmid transfection was 

carried out with the calcium-phosphate method. 

A3-1 mouse embryonic stem cells were cultured on gelatin-coated dishes 

with DMEM (WelGENE) containing 20% FBS (Hyclone), 100 units/ml penicillin, 100 

μg/ml streptomycin, 1x non-essential amino acid (Gibco), 1x nucleosides mix 

(Sigma), 100μM 2-mercaptoethanol (Amresco), and 0.15% LIF. The LIF was from 

the conditioned media from a CHO cell line secreting human LIF. 

 

Construction of Lin28 and pri-miRNA Expression Plasmids  

The PCR product of Lin28a was subcloned into FLAG-pcDNA3 vector at the 

BamHI and the XhoI sites for expression in human cells, and Lin28b and 

Lin28bΔN70 at the BamHI and the NotI sites. Primer sequences used for PCR are 

as follows. For Lin28a, 5'-GGA TCC ATG GGC TCC GTG TCC AAC CAG-3' 

(forward) and 5'-CTC GAG TGT GGC TCA ATT CTG TGC CTC C-3' (reverse) 

were used. For Lin28b and Lin28bΔN70, 5'-GGA TCC ATG GCC GAA GGC GGG 

GCT AG-3' (forward) and 5'-GCG GCC GCT CCC AGG TCA GCT ACT GCT TG-3' 

(reverse) were used. 



PCR products containing the genomic sequences of pri-miRNAs were cloned 

into pGEM-T easy (Promega) and verified with sequencing. The primers for pri-let-

7a-1 cloning were 5'-GAT TCC TTT TCA CCA TTC ACC CTG GAT GTT-3' 

(forward) and 5'-TTT CTA TCA GAC CGC CTG GAT GCA GAC TTT-3' (reverse). 

For pri-miR-16-1, 5'-CCT TGG AGT AAA GTA GCA GCA ACT AAT G -3' (forward) 

and 5'- CTT ACT CTG AGT TAA ATC TTG AAT AC -3' (reverse) were used. For 

pri-let-7g, 5'- GGA TCC CCT GTC TCA AGT GCA TCC TG -3' (forward) and 5'- 

CTC GAG CAG AGA TGA GCA GGG TGA CG -3' (reverse) were used. For pri-let-

7e, 5'- GGA TCC TCA TCC CTG GTC CTC CTG G -3' (forward) and 5'- CTC GAG 

GCA GAG ATG GAG ACA GAC AGG -3' (reverse) were used. The pri-miRNAs 

were further subcloned into pcDNA3 vector (Invitrogen) using either EcoRI (pri-let-

7a-1) or NotI (pri-miR-16-1) sites. 

 

Mutagenesis of Lin28a, Drosha and Dicer 

Point mutagenesis was carried out with a site-directed mutagenesis kit 

(Stratagene) according to the manufacturer’s manual. To generate Lin28a CCHC 

mutant, 5'-CTG TGG AGG TCT AGA TGC TCA TGC CAA GGA ATG CAA G-3' 

(forward) and 5'-CTT GCA TTC CTT GGC ATG AGC ATC TAG ACC TCC ACA G-

3' (reverse) were used to change His147 to alanine. Then 5'-CTG CCA GAG CAT 

CAG CGC TAT GGT AGC CTC ATG-3' (forward) and 5'-CAT GAG GCT ACC ATA 

GCG CTG ATG CTC TGG CAG-3' (reverse) were used to mutate His169 to 

alanine.  



For TN Drosha mutant, 5'- GGC GGA CCT TTT GCA ATC ATT TAT TGC 

AGC G -3' (forward) and 5'- CGC TGC AAT AAA TGA TTG CAA AAG GTC CGC C 

-3' (reverse) were used to change Glu1222 to glutamine. Then 5'- GGC CAA TTG 

TTT TCA AGC GTT AAT AGG -3' (forward) and 5'- CCT ATT AAC GCT TGA AAA 

CAA TTG GCC -3' (reverse) were used to change Glu1045 to glutamine. 

For TN Dicer mutant, 5'- GCG GAC TGT GTG CAA GCC CTG CTG GGC -

3' (forward) and 5'- GCC CAG CAG GGC TTG CAC ACA GTC CGC -3' (reverse) 

were used to change Glu1564 to glutamine. Then 5'- CAT GGG GGA TAT TTT TGA 

GTC GCT TGC TGG TG -3' (forward) and 5'- CAC CAG CAA GCG ACT CAA AAA 

TAT CCC CCA TG -3' (reverse) were used to change Glu1813 to glutamine. 

 

RNA Interference 

The target sequences of siLin28b (human) and siGFP were 5'- AGG GAA GAC 

ACU ACA GAA A-3' (siLin28b) and 5'-UGA AUU AGA UGG CGA UGU U-3' 

(siGFP) respectively. Huh7 cells were transfected with siRNAs for 72 hrs with 

Lipofectamine 2000 (Invitrogen) according to manufacturer’s instructions after cells 

were grown 40% confluent. The final concentration of siRNA was either 30nM or 

100nM.  

The target sequence of siLin28a (mouse) is 5'- GGG AGG AAG AGG AAG 

AGA U -3'. A3-1 cells were reverse-transfected with siRNAs for 48 hrs with 

Lipofectamine 2000 (Invitrogen). Briefly, 10 μl Lipofectamine was diluted in 500 μl 

OptiMEM I Reduced Serum Medium (Invitrogen), mixed gently, and incubated for 



15 min. Subsequently, a mixture of 10 μl siRNA and 500 μl OptiMEMI was added 

and incubated for 15 min. After the incubation, the total mixture was added into a 6-

cm dish with complete growth medium containing 1×106 cells. The final 

concentration of siRNA was 50nM. 

 

RNA Affinity Purification 

pre-let-7a-1 and pre-miR-16-1 with a short 3'-extension—the sequence of the 

extension is 5'- GAU AGA CCU AGC CU -3'—were produced by in vitro 

transcription. 5'-biotinylated adapter DNA (5'- biotin-AGG CTA GGT CTA TC -3') 

complementary to the 3' extension was incubated with streptavidin-conjugated 

agarose beads (Pierce) in buffer H (20 mM Tris at pH 7.5, 100 mM KCl, 2 mM 

EDTA) at 4°C for 1 hour. The beads were washed three times in buffer D-pH7.5-K' 

300 (20 mM Tris at pH 7.5, 300 mM KCl, 0.2 mM EDTA), drained, and incubated 

with the in vitro transcribed pre-miRNA in buffer D-pH7.5-K' 300 with 100U/ml of 

RNase inhibitor (Takara) for 2-3 hours at room temperature. The beads were 

washed three times in buffer H, drained, and incubated with cell extract as 

described below. 

Huh7 cells were collected in buffer H and were sonicated on ice. After 

removing cell debris by centrifuging, the total cell extract was incubated for 1 hour 

at 4°C with adaptor DNA immobilized agarose beads. The pre-cleared cell extract 

was incubated with pre-miRNAs immobilized on the streptavidin-beads from above 

with constant rotation for 12 hours at 4˚C. After washing, the associated proteins 



were separated with 10% SDS-PAGE, and gel-purified. The eluted proteins were 

analyzed by LC-MASS. 

PCR products were used as a direct template for in vitro transcription. For 

pri-let-7a-1, 5'- GAA TTA ATA CGA CTC ACT ATA GGG AGA TGA GGT AGT AGG 

TTG TAT AG -3' (forward) and 5'- AGG CT A GGT CTA TCG AAG AAA GAC AGT 

AGA TTG TAT AG -3' (reverse) were used for PCR amplification. For pri-miR-16, 5'- 

GAA TTA ATA CGA CTC ACT ATA GGG AGA CAG CAC GTA AAT ATT GGC -3' 

(forword) and 5'- AGG CTA GGT CTA TCG AAT TCA GCA GCA CAG TTA ATA C -3' 

(reverse) were used. 

 

Purification of Recombinant Proteins 

To prepare recombinant Lin28b, cDNA was subcloned with BamHI and XhoI into 

pET28-a vector (Novagen). The clone was transformed to E. coli BL21-RIL strain. 

The expression and purification of recombinant Lin28b was conducted according to 

the manufacturer’s protocol. 

 

RT-PCR 

Three μg of total RNA were used for the first-strand cDNA synthesis in a total 

reaction volume of 20 μl with oligo-dT primer (Invitrogen) and either RevertAid M-

MuLV Reverse Transcriptase (Fermentas) or SUPERSCRIPT II.  

To detect the expression level of mRNAs, the following primers were used. 

For Lin28b, 5'- GGA TCC ATG GCC GAA GGC GGG GCT AG -3' (forward) and 5'- 



GCG GCC GCT CCC AGG TCA GCT ACT GCT TG -3' (reverse) were used. For 

GAPDH, 5'- TGT CAT CAA TGG AAA TCC CAT CAC C -3' (forward) and 5'- CAT 

GAG TCC TTC CAC GAT ACC AAA G -3' (reverse) were used. 

To detect the expression level of pri-miRNAs, the following primers were 

used. For pri-let-7a-1, 5'- GAT TCC TTT TCA CCA TTC ACC CTG GAT GTT -3' 

(forward) and 5'- TTT CTA TCA GAC CGC CTG GAT GCA GAC TTT -3' (reverse) 

were used. For pri-let-7a-2, 5'- GCG GAT CCT ATG TTG TCT CTT ATG AAT GGC 

CC -3' (forward) and 5'- CGC TCG AGA TCA TGA TCG TTC TCA CCA TGT TG -3' 

(reverse) were used. For pri-let-7a-3, 5'- CGG AGT CCC ATC GGC ACC AAG ACC 

GAC TGC -3' (forward) and 5'- TCT GTC CAC CGC AGA TAT TAC AGC CAC TTC 

-3' (reverse) were used. For pri-miR-16-1, 5'- TAA TAC GAC TCA CTA TAG GTG 

ATA GCA ATG TCA GCA GTG -3' (forward) and 5'- GTA GAG TAT GGT CAA CCT 

TA -3' (reverse) were used. For pri-miR-21, 5'- GTT CGA TCT TAA CAG GCC AGA 

AAT GCC TGG -3' (forward) and 5'- ACC AGA CAG AAG GAC CAG AGT TTC TGA 

TTA -3' (reverse) were used. 

 

Subcellular Fractionation 

To prepare cytoplasmic and nucleoplasmic fractions, cells were suspended in 

buffer A (10mM HEPES at pH 7.9, 10mM KCl, 1mM DTT and 0.1mM EDTA) after 

washing with cold PBS (pH 8.0). After incubation on ice for 15 min, 10% Nonidet 

P40 was added to the cells and vortexed for 10 sec. Centrifugation at 1,500 g for 

30 sec yielded a supernatant fraction that was further centrifuged at 4,000 g for 15 



min at 4°C and designated the cytoplasmic fraction. The remained pellet was 

washed with ice-cold buffer D (20mM Tris-HCl at pH 8.0, 100mM KCl, 0.2mM 

EDTA) and designated the nucleoplasmic fraction. RNA was extracted from each 

fraction using TRIzol. 

 

In Vitro Decay 

Forty-eight hours after FLAG-Dicer transdominant negative mutant transfection, 

HEK293T were collected in 500 μl of ice-cold buffer D (pH 7.5). The cells were 

sonicated on ice and centrifuged twice for 10 min at 4oC. Twenty microliters of a 

reaction solution in 3.2 mM of MgCl2 and 1mM of DTT, which was incubated at 

37oC, contained 10 μg cell extract, 1 μl of Ribonuclease Inhibitor (40 unit/μl, 

TAKARA) and gel-purified pre- and up-let-7a-1. RNA was purified from the reaction 

mixture by phenol extraction and analyzed with 12.5% urea polyacrylamide gel. 

The gel was exposed to Phosphor Imaging Plate (Fujifilm) and was read with the 

BAS-2500 system (Fujifilm) for quantification. 

 

In Vitro Processing 

In vitro processing of pri- and pre-miRNAs with whole cell extracts transfected with 

FLAG-Dicer or Flag-Droshsa immunoprecipitates was carried out. Briefly, 30 µl of 

processing reaction in 6.4 mM MgCl2, 1mM DTT and 1U/µl of Ribonuclease 

Inhibitor (TAKARA) contained 15 µl of either whole cell extract (10µg) or beads 

from immunoprecipitation and the labeled transcripts of 1x104 to 1x105 cpm. The 



reaction mixture was incubated at 37°C for 50-60 min. RNA was purified from the 

reaction mixture by phenol extraction and analyzed with 12.5% or 15% denaturing 

polyacrylamide gel. The recombinant protein was pre-incubated with a reaction 

buffer and the labeled RNA for 30 min at 4°C before mixing with the whole cell 

extract or the immunoprecipitates.  

 

RNase H Reaction 

Lin28a-associated RNA was from FLAG-immunoprecipitates which were prepared 

with HEK293T cells (15cm dish) transfected with pri-let-7a-1 and Flag-Lin28a as 

described in the Material and Methods. The RNA was separately annealed with 10 

pmol oligos of (dA)18, (dC)18, (dT)18, and (dG)18 in 20 µl TE buffer (10mM Tris-HCl, 

pH 7.5 with 1mM EDTA) by slowly cooling them from 95°C to 4°C over 90 min. 

Then they were incubated in 30 µl with 1U RNase H enzyme (Invitrogen) for 1 hour 

at 37°C in 20mM Tris-HCl (pH 7.5), 0.1mM KCl, 10mM MgCl2, 0.1mM DTT. After 

the reaction, the RNA was purified by phenol extraction. 

 

Luciferase Assay 

The HEK293T cells cultured in 24-well plates were co-transfected with 16 ng of 

pCMV-renilla luciferase vector and 144 ng of pCMV-firefly luciferase vector 

containing let-7a binding sites in their 3' UTR. And either 0.25 µg of FLAG-Lin28a 

(wildtype or mutant) or 1 µg of FLAG-AGO2 expression plasmid was also co-

transfected. The transfection was carried out with the calcium-phosphate method in 



triplicate. Cells were lysed 48 hours after the transfection and assayed for 

luciferase activity using Dual-Luciferase Reporter System (Promega) as described 

by the manufacturer. All the firefly luciferase activities were normalized against 

renilla luciferase activities for transfection efficiency correction. Then, it was further 

normalized against the activity of the firefly luciferase which does not contain let-7 

binding sites. The luciferase assay was performed three times. 


