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Identify increased oligomycin resistance
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region gene gene universal (u) name score
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Supplemental Figure 1. Genome-wide phenomic screening in S. cerevisiae reveals
ribosomal mediators of CFTR folding. (A) Structural comparison of Yorl (PDB file 4F4C) (1)
and CFTR (PDB file SUAK) (2, 3), indicating position of the F670 residue (Yorl) that
corresponds to F508 (CFTR). (B) In combination with Yorl-F670del, individual gene knockout
(geneKO) mutants from the yeast deletion strain library were systematically tested for capacity to
restore efflux of the mitochondrial toxin, oligomycin (4). Prominent targets included ribosomal
protein L12A, otherwise annotated as RPL12/uLL11 in humans (5). ‘AL’ is based on growth curve
analysis and denotes the influence of gene deletion on the time required to reach half maximal
carrying capacity in the presence of increasing, growth-inhibitory concentration of oligomycin
(see (6, 7)). Thus, the ‘AL’ score correlates inversely with the capacity of the gene knockout to
increase biogenesis of Yorl-F670del. (C) Proteins listed in panel (B) are mapped to the
eukaryotic ribosome (8). Left: Hits that surround the peptide exit tunnel (PET) include ulL4
(yellow), eLL.13 (pink), eL37 (purple), uL29 (green), and eL.39 (light grey). Right: Targets
residing in the GTPase-associated center (GAC) and/or P stalk are uL13 (magenta), uL.6

(orange), eL40 (light blue), uL11 (yellow), and P2 (white).
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Supplemental Figure 2. 3°S-incorporation and deep sequence analysis in CFBE. (A)
Representative Coomassie and radiolabeled images of CFBE stably expressing WT- or F508del-
CFTR, both treated with non-specific (NS) siRNA or siRNA directed against RPL12 (siRPL12).
Cells were labeled for 15 minutes with 3°S-methionine and 3°S-cysteine and lysates analyzed by
SDS-PAGE. (B),(C) Quantification of radioactive signals corrected for protein amount
(Coomassie stain) from panel (A). RPL12 knockdown decreases total protein expression by ~20-
25% (B), yet augments WT- and F508del-CFTR levels ~200-300% (C). Data include mean +
SEM obtained from siRPL12-treated cells normalized to NS controls (dotted line; setto 1) (n =
3-5). Asterisks represent statistical comparison between siRPL12 and NS siRNA. *, p <0.025;
** p <0.01 (unequal variance z-test on logx-transformed data with post-hoc Bonferroni
correction; o = 0.025). (D) RPL12 mRNA expression in non-treated (NT), NS, or siRPL12-
treated cells as computed from the RNA-Seq data set. (E),(F) Application of NS (E) or RPL12
(F) siRNA did not globally alter mRNA as revealed by comparative transcriptome analysis of the
RNA-Seq data set (NS, 1> = 0.919; siRPL12, r* = 0.900; Pearson correlation coefficient). (G) No
significant alterations in ribosome dwelling occupancy (y-axis) were detected for NS siRNA-
treated CFBE as compared to NT cells. Difference in ribosome occupancy between NT and NS
siRNA-treated CFBE is quantified for single codons (represented as dots) and for all codons
(box-plot on right). Note that for many codons, the change in RDO was nearly zero. For
additional details, see Figure 2 legend (panels D and E). (H) RPL12 silencing effects on RD,
expressed as fold-change with respect to RD values obtained after siRPL12 treatment. Transcripts
were divided into three equal expression categories and designated as least (red), median (black),
or most (grey) abundant RD (p = 0.008, low vs high RD groups; p =0.0015, median vs high RD

groups; two-sided Kolmogorov-Smirnov test). The top functional categories (GO terms)



enriched in the intermediate gene group (black) included several pathways reflecting essential
cellular functions unaffected by RPL12 siRNA, such as rRNA processing (enrichment score
5.11), regulation of mRNA stability (enrichment score 3.61), proteasome-mediated ubiquitin-
dependent catabolic processes (enrichment score 3.61), NIL/NFkB signaling (enrichment score
3.61), and positive regulation of ubiquitin-protein ligase activity in the mitotic cycle (enrichment
score 3.61). (I) GC content of the three designated expression groups defined in panel (H). For
comparison, GC content of all expressed transcripts in CFBE4 10" cells is also shown (grey
shaded area). Note the characteristic asymmetry of the TA/GC content of the human

transcriptome previously reported (9).



-

L O ®
o V19 /o e
° oL |1 rer
i onve |4 ®

991 |2, ®
90V e
VOV “4 e
9/0/10V °
2/19V
v/olLoL | e
901 e
D/V/0/100 | o, @
oL |, e
N o.v _\o\\w\
oLV _@w red
| vw . °
oWy 1
OvLL .m._
oLl ,
910 %y ®
V/OILLO 9
V1V ®
/LY 4 4
oo |y oe
Vo9 .
o/099 |
) , e
SIN) )
OVYO |y e e
o191 _fo
0/LVD _Q@v o
OILVY _eav
vOv
99V
Vv/990 %
2/190 9
OIVIOILOD . . . 9
0/109 % © ~ Q S
o o o o
o e

V1O

S
oo/ |1
o/1VL |+,
291 | 2,
20V
VoV %
9/2/10V
2/19V
VIOILOL | %o
901
O/V/O/L9 | %,
/L1l | o
o1V _ @w
oLV | 4
YWV gs
oWV T
ONVLL
o1l "
910 ®y
V/OILLO
V1V
o/L1V %
o1vo | %,
Vo9 p
o099 | ®
A0) N
IE) 9
onvvo | Y
ooL | St
oive | %,
O/1WV | Uy,
VOV
29V s
V/990 i
2/199
oNv/OILID|
2/109 b

L ]
<
Q< ZLduis
i &
u OO w
[o]
¥ © N
]
i P> FAR BN
¥ <« :
i o
S9SN
T T T T T
o o o o o o
o [°s] © < N
(4149 e303/ O pueq)
uonenew Y1490 %
Q
2
(0]
83 ¢
cC C
T 3.8
k-1
st
Q
SES
Ny
280>
=T
o e
e o2
g
L ] | o S
[ ] oo ] m
)
. [ o §
o §7
.( .. ¢ 4 m
c® o °
° o0
T T T T o
o [=e] © < N o

@)

[sl182 .01 +3940]

uoljesjuaduod YNl

WT-CFTR

(N

L

NS

.
<
N

.
]
-

1.0

o

(4140 03 pazijewuou) Ajisusul
juswbely ul asealoul-p|o) 1I9p8OSH

0.0

1.50 1

)]
P4
HH
XXX X
x
HH
O O o
<
HH
x4 494
d
-
[ e] o o
HH
X X XX
X
——
o O R
<
. HH
q4 44
* <
——
() o 0o
o
w o v o B
N Qe ~ 0 N
- - O o o

(4140 0} pazijew.ou) Aysusiul
juswbely ul asealoul-pjo} J M

0.00

¢asnN

CanL

1dgN

LanL

¢daN

CanL

1aaN

LaNL

¢daN

CanL

1aaN

LanL

¢dgN

¢anL

1dgN

LaNL

o

siRPL12

siRPL12



Supplemental Figure 3. tRNA microarrays and CFTR proteolysis in CFBE. (A) Microarrays
of tRNA abundance in CFBE and FRT epithelia are represented relative to HeLa cells (n = 3-5
repeats per condition). (B) Absolute tRNA concentrations in CFBE are presented as fractions of
the total tRNA amount and determined from the comparative arrays in panel (A) using
previously measured absolute tRNA concentrations in HeLa cells (10). All data presented
include mean = SEM (n = 3-5 per panel). (C) tRNA concentration in CFBE cells poorly
correlates with genomic codon usage (r- = 0.11, Pearson correlation coefficient). The top 15
codons pairing to low (green), medium (grey), or high (black) abundance tRNAs are shown (n =
3-5 repeats per condition). (D) Quantification of WT-CFTR maturation (band C/total CFTR) in
response to RPL12 suppression (see also Figure 5B). Data include mean = SEM (n = 4-5). ****
p <0.0001 (unequal variance #-test on logz-transformed data with post-hoc Bonferroni
correction; a = 0.0125). (E),(F) Fold-change of domain-specific fragment intensities for WT- (E)
or F508del-CFTR (F) (see also Figure 5B). Note that NS-treated F508del signal in the 2-hour
chase is less than 2-fold over background. Individual bands are quantified and corrected for total
radiolabeled CFTR. Data include mean = SEM obtained from siRPL12-treated cells normalized
to NS controls (dotted line; set to 1) (n = 4-5). Asterisks represent statistical comparison between
siRPL12 and NS siRNA. *, p <0.0125; ** p <0.01 (unequal variance #-test on log>-transformed

data with post-hoc Bonferroni correction for each time point; o = 0.0125).



F508del
© ™ 2 :I 4007 ** ®Band C
SO :} " ABand B
- - - — *k ORPHZ
s 2 & & & & > 3001® L, of =
250 25 st . ¢ 4
ce g i $2 200 o * . at
pu— 3% 1 a
B [ -2 L 150 § 2 ° ﬁ* .:*
[Tel
A — 122 v 100 AR NS
* * ok *k
-aCHN | S—— — — — 50 08 D¢ o8 o8+
37 kDa
0 1 1 1 ]
| | | |
RPL12.6 RPL12.7 RPL12.9 RPL12_11
F508del-CFTR hd
*% *kk
500 -+ o 60 7 *
" o8 =
X d X X O! £
zo 400 - x 40 x E o x§xi
3 S x 09 -
c 2 o x xx x
g9 & 207
S< 300 A £ O VX-770
o e o x < | sefRa= X Fsk
T O = 0 000 =
® O '3 o o < Inhyz,
% 8 200 1 dedkk ° { aw
g c ° - x 201
gg 100 A *kkk A ggo I==£ X§ °8’ o
fda= fa -40 o oo F
g8e - °<>J‘-
o_T;Ein- - = - - — _SO_IIIIIIIIIIII
I € 0® el of
> - -~ -~ INZS
g2 T £ 7 5 & & @
z [ 4 o g <&
F508del-HRP
WT-CFTR
300 1
QQQ'
200 1
100 1
£ 0 VX-770
< X Fsk
3 0 A1
> <© Inhyy,
0
3
-100 1
-200 1
Oooi
-300 4 L4
&



Supplemental Figure 4. Rpl12 suppression rescues the F508del-CFTR biogenesis defect in
FRT cells. (A) Expression levels of immature (band B, closed arrowhead) and mature (band C,
open arrowhead) F508del-CFTR are augmented following ~50-70% reduction in Rpl12
expression. Quantification of immunoblot data are included on right. Data include mean = SEM
obtained from siRPL12-treated cells normalized to NS siRNA controls (dotted line; set to 100%)
(n = 3). Asterisks represent statistical comparison between siRPL12 and NS siRNA. *, p <
0.0167; **, p <0.01 (unequal variance #-test on logz-transformed data with post-hoc Bonferroni
correction for each siRNA; o = 0.0167). (B) Horseradish peroxidase (HRP)-tagged F508del-
CFTR (modified extracellular loop 4) displays increased PM localization in response to
knockdown by multiple siRNAs directed against Rpl12. Data include mean = SEM (n =9).
Statistical comparisons are annotated by horizontal bars. **, p < 0.001; **** p <0.00001 (two-
sample #-test with post-hoc Bonferroni correction; oo = 0.00833). (C) F508del-CFTR ion transport
activity is increased using distinct Rpl12 siRNAs (100nM, 4 days) (n = 3). Asterisks represent
statistical comparison of forskolin+VX-770 stimulation (i.e. total constitutive plus activated
CFTR function) versus NS siRNA. *, p <0.0125; *** p <0.0001 (two-sample -test with post-
hoc Bonferroni correction; o = 0.0125). (D) Baseline short-circuit current measurement of WT-
CFTR expressed in FRT cells. Data include mean + SEM (n = 3). WT, wild-type; NT, non-
treated; NS, non-specific siRNA; RPL12 6, 7, 9and 11 denote RPL12 siRNAs with cross-
reactivity against the rat mRNA; Fsk, forskolin (5uM); VX-770 (5uM); Inh172, CFTR Inhibitori72

(10uM).
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Supplemental Figure 5. Schematic of ‘knockout first’ construct utilized for generation of
Rpl12 heterozygous mice. (A) Wild-type Rp/12 allele. Animals carrying this gene were labeled
Rpl12**. (B) ‘Knockout first” Rpl]2im!«(EUCOMMHmgu g]lele containing lacZ-tagged insertion and
loxP-flanked neo-driven selection cassette (Helmholtz Zentrum Miinchen, Neuherberg,
Germany). Mice harboring this construct were identified as Rp/12"". Forward (F) and reverse (R)
primers are indicated for each allele with specific sequences provided in Supplemental Table 2.
FIpRT, flippase recombinase target; loxP, locus of crossover in P1; lacZ, lactose operon gene Z
encoding B-galactosidase; neo, neomycin; UM, universal mouse; SA, splice acceptor site; pA,

poly-A sequence.
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Supplemental Figure 6. Proposed mechanism of RPL12 silencing effect on translation
elongation. (A) RPL12 (red), located at the base of the 60S P stalk (blue) (PDB file 4V6X) (8),
resides within the GTPase-associated center and facilitates interaction with several GTP-bound
translation factors, including eEF2 (green) (8, 11, 12). Under physiologic conditions, RPL12
mediates interaction of eEF2 with aminoacylated (aa)-tRNAs in the A-site (violet). Following
transpeptidation, eEF2 hydrolyzes GTP to translocate aa-tRNA from the A- to P-site (orange),
which facilitates translation of mRNA (black) at an average rate of 5-6 codons per second (13).
(B) When RPL12 is depleted, eEF2 is not able to bind efficiently to the GTPase-associated
center, and the process of peptidyl-tRNA translocation is slowed. As a result, ribosome velocity
is reduced (see Figure 2). For visualization purposes, decoding by the ribosome is represented in

cross-section.
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Supplemental Figure 7. Structural annotation of CFTR variants investigated in this study.

P67L is located just downstream of lasso helix 2 (grey), whereas G85E resides in TMD1 (green).

F508del and A455E localized to NBDI1 (yellow). CFTR structure was formatted using PDB file

SUAK (2, 3).
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Supplemental Table 1. siRNAs used in this study.

Gene Symbol ‘ Product Name Target Sequence
RPLI2 Hs RPLI2 6 5= CAGCCAGTTAAGCACAAAGGA -3’
RPLI2 Hs RPL12 7 5’ = CCCAACGAGATCAAAGTCGTA -3’
RPLI2 Hs RPLI12 9 5= CCTGATCATCAAAGCCCTCAA -3’
RPLI2 Hs RPLI12 11 5" — AACCACCAAGAGACAGAAAGA -3’
Non-specific (NS) Negative Control 5’ - AATTCTCCGAACGTGTCACGT -3’

Supplemental Table 2. PCR primers used for Rp/12 mouse line validation.

PCR
INIDE Primer ID Orientation Target Sequence Product
Size
Rpl12-pflp-flx-F Forward 5. TGGCCTGTAGATGTGTTCTGTC-3’
RplI2VT 566 bp
Rpl12-pflp-fix-R Reverse 5°-GATTCCTGAGGGCTGCTATCTC-3’
Neo-UM-F Forward 5’-AGGATCTCCTGTCATCTCACCTTGCTCCTG -3’
Rpl 1 2m14EUCOMM) Himgu 1471 bp
Rpl12-pflp-flx-R Reverse 5’-GATTCCTGAGGGCTGCTATCTC-3’

13
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