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Supplements
Supplemental material and methods
Primer
Site-directed mutagenesis was performed with the following primers (mutated nucleotides are underlined):
Q215K-for:    5’-CCTGGCCGTGAAGCATGCTGT-3’
Q215K-rev:   5’-AAGCCTTCCCGGATGTACC-3’

M760R-for:     5’-GGCTATCACAGGACGCTGGTG-3’
M760R-rev:    5’-GGCACCGTATTTCTGCTTG-3’

A1046E-for:   5’-AACAACCAGGAGTACCACTCTC-3’
A1046E-rev:  5’- GAACAAGGCGTTGACGAC-3’

K1388N-for:   5’-AGCTCTCCAACGTGTACGAGC-3’
K1388N-rev:  5’-CCTTGATAATCAGAGGTGTG-3’

G1421R-for:   5’-CAATGGAGCCAGGAAGACCACGAC-3’
G1421R-rev:   5’-AAGCCCAGCAGGCCGAAG -3’

Sanger sequencing verified all resulting vector constructs. The sequence analysis and alignment was performed using Clone Manager Suite (Version 6.00).

Supplemental figures and tables
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Figure S1: M760R ABCA3-HA processing defect is not temperature-sensitive. A549 cells stably expressing M760R ABCA3-HA were cultured at either 26°C or 37°C for 48 hours and protein pattern was analyzed by Western blot.
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Figure S2: Chemical chaperone TMAO restores processing of ABCA3-HA mutants. A549 cells stably expressing ABCA3-HA WT or mutations were treated with two different concentrations of chemical chaperones for 48 hours and ABCA3-HA protein pattern was analyzed by Western blot (see fig. 3). Densitometric quantification of protein amount in each band (190 kDa and 170 kDa) was performed using Image J. 
A) wild type ABCA3-HA
B) Q215K ABCA3-HA
C) M760R ABCA3-HA
D) A1046E ABCA3-HA
E) K1388N ABCA3-HA
F) G1421R ABCA3-HA
Results are means + S.E.M. of three independent experiments. */# p<0.05 **/##p<0.01 ***/###p<0.001 in regard to the DMSO vehicle control with * regarding the 190 kDa and # regarding the 170 kDa form. nt: no treatment.
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[bookmark: OLE_LINK1]Figure S3: Chemical chaperone TMAO restores subcellular localization of ABCA3-HA mutants. A549 cells stably expressing ABCA3-HA WT or mutations were treated with the higher concentration of chemical chaperones from fig. 3 for 48 hours and stained for ABCA3-HA and lysosomal marker CD63. nt: no treatment; scale bar represents 10 µm.
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Figure S4: CFTR correctors restore processing of ABCA3-HA mutants. A549 cells stably expressing ABCA3-HA WT or mutations were treated with 10 µM of correctors for 48 hours and ABCA3-HA protein pattern was analyzed by Western blot (see fig. 5). Densitometric quantification of protein amount in each band (190 kDa and 170 kDa) was performed using Image J. 
A) wild type
B) Q215K ABCA3-HA
C) M760R ABCA3-HA
D) A1046E ABCA3-HA
E) K1388N ABCA3-HA
F) G1421R ABCA3-HA
Results are means + S.E.M. of three independent experiments. */# p<0.05 **/##p<0.01 ***/###p<0.001 in regard to the DMSO vehicle control with * regarding the 190 kDa and # regarding the 170 kDa form. nt: no treatment.
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Figure S5: Combination of correctors from different classes has no additive effects. A549 cells expressing Q215K ABCA3-HA were treated with combinations of C13 or C17 with either VX-809 or C18 for 48 hours and ABCA3-HA protein pattern was analyzed by Western blot.
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Figure S6: Effectiveness of different corrector concentrations. A549 cells stably expressing WT or mutated ABCA3-HA were treated with increasing concentrations of C13 and C17. After 48 hours cells were harvested, lysed, and proteins were separated for Western blot. For each condition the 170/190 kDa ratio was calculated after densitometric analysis using ImageJ.


[image: ]
Figure S7: Effects of C13 and C17 on cell viability.
A549 cells stably expressing WT or mutated ABCA3-HA were treated with increasing concentrations of C13, C17 or the vehicle DMSO. After 48 hours, cell viability was measured using XTT assay. The arrow indicates the concentration used in all experiments (10 µM). Results are means + S.E.M. of three independent experiments. * p<0.05, **p<0.01, ***p<0.001.
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Figure S8: Ortho-vanadate inhibits ABCA3-dependent TopF-PC transport into ABCA3-HA positive vesicles. WT ABCA3-HA expressing A549 cells were treated with TopF-PC (red) containing liposomes for 24 hours and cultured with or without 12.5 mM ortho-vanadate for 22 h. ABCA3-HA proteins (green) were stained by immunofluorescence. Scale bar represents 10 µM.



[bookmark: _GoBack][image: ]Figure S9: Corrector treatment increases transport of TopF-PC into ABCA3-HA positive vesicles. A549 cells stably expressing ABCA3-HA WT or mutations were treated with 10 µM of correctors C13 or C17 and labelled with TopF-PC. After 24 hours cells were fixed and stained for ABCA3-HA. For quantification of TopF-PC in ABCA3-HA positive vesicles, see figure 6. Scale bar represents 10 µm. nt: no treatment.



Supplemental table 1: Utilized small molecular correctors from CF foundation with full chemical names. Structures of the compounds were adopted from the CF foundation website (https://www.cff.org/Research/Researcher-Resources/Tools-and-Resources/CFTR-Chemical-Compound-Program/).
	ID
	Chemical name
	Chemical structure

	C2
	2-{1-[4-(4-Chloro-benzensulfonyl)-piperazin-1-yl]-ethyl}-4-piperidin-1-yl-quinazoline
	[image: ]

	C4
	N-[2-(5-Chloro-2-methoxy-phenylamino)-4'-methyl-[4,5']bithiazolyl-2'-yl]-benzamide
	[image: ]

	C13
	N-(2-(3-acetylphenylamino)-4'-methyl-4,5'-bithiazol-2'-yl)benzamide
	[image: ]

	C14
	N-(2'-(2-methoxyphenylamino)-4-methyl-5,5'-bithiazol-2-yl)benzamide
	[image: ]

	C17
	N-(2-(5-chloro-2-methoxyphenylamino)-4'-methyl-4,5'-bithiazol-2'-yl)pivalamide
	[image: ]

	C18
	1-(benzo[d][1,3]dioxol-5-yl)-N-(5-((S)-(2-chlorophenyl)((R)-3-hydroxypyrrolidin-1-yl)methyl)thiazol-2-yl)cyclopropanecarboxamide
	[image: cid:_4_018CDC54018CD9E800576B3688257A1B]

	VX-809
	3-(6-(1-(2,2-difluorobenzo[d][1,3]dioxol-5-yl)cyclopropanecarboxamido)-3-methylpyridin-2-yl)benzoic acid
	[image: ]
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Supplemental table 2: Overview of analyzed ABCA3 variants. Allele frequency was obtained from ExAC (1). aa, amino acid.
	Sequence variation of ABCA3 protein
	p.Q215K
	p.M760R
	p.A1046E
	p.K1388N
	p.G1421R

	Allele frequency in healthy population
	<0.000001%
	0.00082%
	n.a.
	0.00082%
	0.00001651%

	Clinical outcome
	lethal
	probably lethal, lung transplant
	lethal
	lethal
	lethal

	Genetic analysis
	Homozygous
c.643C>A
	Compound heteroz. c.2279T>G (p.M760R); c.622C>T (p.R208W)
	compound heteroz. c.3137C>A (p.A1046E) ; c.4360-1G>C (Del Ex29), c.4012G>A (p.A1338T)
	Homozygous c.4164G>C 
	compound heteroz. c.4261G>A (p.G1421R)¸ c.577C>T (p.P193S)

	Prediction (mutation taster)
	Disease causing, aa sequence changed, protein features affected, splice site changes
	Disease causing, aa sequence changed, protein features affected
	Disease causing, aa sequence changed ,protein features affected, splice site changes
	Disease causing, aa sequence changed, protein features affected, splice site changes
	Disease causing, aa sequence changed, protein features affected, splice site changes

	References
	(1)
	(2)
	(1)
	(1, 3)
	(1)



References

1.	Kroner, C., Wittmann, T., Reu, S., Teusch, V., Klemme, M., Rauch, D., Hengst, M., Kappler, M., Cobanoglu, N., Sismanlar, T. et al. (2017) Lung disease caused by ABCA3 mutations. Thorax, 72, 213-220.
2.	Doan, M.L., Guillerman, R.P., Dishop, M.K., Nogee, L.M., Langston, C., Mallory, G.B., Sockrider, M.M. and Fan, L.L. (2008) Clinical, radiological and pathological features of ABCA3 mutations in children. Thorax, 63, 366-373.
3.	Wittmann, T., Schindlbeck, U., Hoppner, S., Kinting, S., Frixel, S., Kroner, C., Liebisch, G., Hegermann, J., Aslanidis, C., Brasch, F. et al. (2016) Tools to explore ABCA3 mutations causing interstitial lung disease. Pediatr Pulmonol, 51, 1284-1294.


image2.tif
£ E . 4
o O *
= 4= Q
838 Uty
o K @««\&Wx%
ils 448
WONV‘@Q
$\\o.\%o‘
H* 0,%
%7
905
200
525k,
% ¥
M m.u © © ¥+ N O
pueq ey 061 U LM 03
aAne|as uiejoad Jo Junowe
£ £
55 Uy,
83 %%,
s o \&o&v%.
U, b8
-E o \V‘@O\
o
WM\O.\%O\
0%,
\&o 9,50
)
N
%% %
2% 9
oy o @
PN e
Y
M m.u © © ¥+ N O (0]

pueq ed) 061 3u LM 0}
aAnejaJ uiejoud jo Junowe

Q215K

3 190 kDa form
3 170 kDa form
*

<t AN O

J L) v L)
N © o ©
- -

pueq eg) 061 3u LM 0}
aAnejaJ u1gjoud Jo Junowe

[ 190 kDa form
3 170 kDa form
*kk

N O ® © ¢ N O
-

pueq eqg) 06l 3u LM 0}

aAnejad uisjoud Jo Junowe

A1046E

M760R

N

[ 170 kDa form
&é'\
Q&'

) 190 kDa form

J L) ) 1) ]
N O o O <«
- -

pueq edX 061 U LM 0}
aAnje|aJ u1sjoud Jo Junowe

() 190 kDa form
[ 170 kDa form
*kk

N O ©® © <% N
-

pueq edX 061 U LM 0}
aAnje|aJ u1sjoud Jo Junowe

G1421R

K1388N





image3.tif
ABCA3-HA CD63 merge ABCA3-HA CD63 merge | ABCA3-HA CD63 merge | ABCA3-HA CD63 merge |ABCA3-HA CD63 merge

Q215K

14
o
©
~
=

A1046E

K1388N

G1421R





image4.tif
€ E R € € € E R
55 H v\fv 55 . v\O 58, T v\O
aaMWT_ LF e © © Hw & aaﬂw_l_ H - &
[afa) 24 lafa) Z aa 4
= [ ce %, = Ht o
Se %. SR %. SR %, | o
oo _._u-«\o = oo #* 28 m goo #* T_UH-«\o s
HT 2 | O 25 < HOF s | O
[ PN & L | o
O
HF oN O HoF %
= 2% 2%, T 4%
3 e I v O
- O o - O,
5 5 )
E Tt +% %% v OT %%
L <+ ® N + O 6@6@ L & ® N v O 6@6@ L <+ ® N + O 6@6@
pueq e 06 JU LM 03 pueq eaX 061 JU LM 03 pueq e 061 U LM 03
aAnje|aJ uisjoud jo Junowe 0 aAne|as ulgjoad jo Junowe w aAne|aJ ulgjoad jJo Junowe
N, - £5 5 §5 s P
88 i H 1o g8 < gg I«
88 % 09 o0 £< L} 6
= - 2. == %5t & == H %5t B
o0 ToT et il 2 | 8 oo | &
- I % | 3 2y | = T T 45 | X
| U LT <
2, ») »)
— % =%
O %% . %
Lo, 3: % e
1) | L) v L] [ o o \0@0 1) L] L) L] ﬂl \0@0
L <+ ® N + O L <+ ® N + O 6@6@ L <+ ® N +~ O 6@6@
pueq B3 061 U LM 0} pueq eaX 061 JU LM 03 pueq e 061 U LM 03
aAnejaJs ulgjoad jJo Junowe aAnje|aJ ulsjoud jo Junowe aAnie|as ulgjoud jo Junowe




image5.tif




image6.tif
ratio 170 kDa/ 190 kDa band

ratio 170 kDa/ 190 kDa band

2.0-
- - WT
= . - Q215K
S 15 - A1046E
9 - K1388N
@ 10 ~ G1421R
2
1]
B 0.54
| %
0.0 .
1 10 100
C13 [uM]
2.5
= Q215K
E 2.0- -- A1046E
- K1388N
1.54 — G1421R

0.5+

0.0

J v
1 10 100

C13 [uM]

ratio 170 kDa/ 190 kDa band

ratio 170 kDa/ 190 kDa band

C17

2.0+
-= WT
whd
c == Q215K
E 1.59 -~ A1046E
0 -o- K1388N
whd
o 1.0 -- G1421R
=
©
o 05
| .
f‘\
0.0 T | )
1 10 100
C17 [uM]
2.5+
== Q215K

E 2.0= -o- A1046E
5 -o—- K1388N
-lq-; 1.5+ -- G1421R
=
35 1.0+
)
S

0.5

0.0 T T )

1 10 100

C17 [uM]




image7.tif
(7 (S k]

e v W 7 W
. O KiamN . v O KiamN
@ M @ i M
i K i ik
Ed s Ed A
Fu GIeIR Fun GIeIR
E E
N
@ w ExT
w L&D i K i il n wti i K i il
A [l 1 [l
IO wohicle eonfrol
A v Cowr
. O KidN
b M
ik
BT
G
w000 A A 0 wti
HHAESED )
. . R
I . I . D . .
. - e - e - - -
I . . . . . . .
I . . - . . . .
. . e . e . . .
. . . - . . . .
D . . . . . . .





image8.tif




image9.tif
'_
=

X
[19)
—
N
g
LLl
©
<
=)
-
<
Z
®©
Fos)
™
—
X
o
—
N
<
-
o





image10.emf
N


N


N


N


N


S


O


O


C


l




N

N

N

N N S

O

O Cl


image11.emf
O


S


N


S


N


N


H


O


C


l


H


N




O

S

N

S

N

NH

O Cl

HN


image12.emf
O

S

N

S

N

NH

HN

O


image13.emf
NH

O

N

S

N

S

N

H

O

CH

3


image14.png
o

AT

Heo




image15.png




image16.png
OH




image1.tif




