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Supplementary Figure 1. Comparison of amphipathic helices. (a) Helical wheel representations of
AHs from human proteins described in Table 1. CIDEA, CCTa and perilipin 3 are LD proteins. (b)
Helical wheel representations of the complete predicted AH sequence of human perilipin 4. AHs are
plotted as either classical (5-18) a-helices or as 3-11 helices in the case of sequences containing 11-
mer repeats (apolipoprotein Al, a-synuclein, CCTa, perilipin 3, perilipin 4). In the case of longer
helices (>36 amino acids), sequences are plotted as consecutive AHs for technical reasons, except in
the case of apolipoprotein A1, where proline residues separate consecutive helices as shown'. Arrows

represent hydrophobic moment. All AHs were plotted using Heliquest’.
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Supplementary Figure 1b
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Supplementary Figure 2. Localization of Plin4 and o-synuclein fragments to LDs in HeLa cells.
(a) Expression of Plind-AH constructs in HeLa cells does not affect lipid droplet size or number. 40-60
cells from 2 independent experiments were analyzed for each construct (same cells as in Fig. 1f). Error
bars show the range of mean values for the 2 experiments. (b) Plin4-4mer localizes to a fraction of LDs
in fixed HeLa cells when LDs are induced overnight with 250 pM oleic acid. Left panel shows Plin4-
4mer, right panel show colocalization with LDs stained with Bodipy. (¢) The carboxyl-terminal region
of Plin4, comprising the predicted 4-helix bundle, does not confer localization to LDs or to other
organelles. (d) In live cells, localization of Plin4-AH to LDs improves with AH length. Upper panels
show localization of Plin4-AH-mCherry constructs (4mer, 12mer and 20mer) in live HeLa cells. Lower
panels show colocalization of Plin4-AH (magenta) and LDs stained with Bodipy. Note that Plin4-4mer
appears completely cytosolic, whereas Plin4-12mer and Plin4-20mer can be visualized on all LDs, with
Plin4-20mer displaying a stronger LD signal. (e) The AH of a-synuclein localizes to a fraction of LDs
in fixed HeLa cells. The first 85 amino acids of a-synuclein, fused to mCherry (aSyn[1-85]), were
transiently expressed in HeLa cells grown overnight in standard medium (upper panel, -OA) or with
the addition of 250 mM oleic acid (lower panel, +OA). Fixed cells were imaged using a confocal
microscope. LDs are stained with Bodipy. (f) Quantification of the fraction of LDs stained with
aSyn[1-85] in cells without oleic acid. 21-26 cells from two independent experiments were quantified.
Plin4-4mer localization was quantified in 4 independent experiments, 20-37 cells per experiment. Error
bar shows the range of means between experiments.
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Supplementary Figure 3. Plin4 AH purification and labelling. (a) SDS-PAGE analysis of the
indicated Plin4 constructs after expression in E coli. The indicated lanes show the proteins present in
the total bacteria extract (total) and after a three step protocol, which includes centrifugation to get the
soluble fraction (Soluble), boiling and centrifugation to get the heat-resistant fraction (Heat), and
dialysis of the heat resistant fraction against the buffer used for subsequent chromatography (dialysis).
This procedure was performed on bacteria expressing Plin4-4mer or alpha-synuclein (upper gel) as
well as on bacteria expressing Plin4-12mer or Plin4-20mer (lower gel). Proteins were visualised by
Sypro Orange staining. (b) Cation exchange chromatography. The example shows the elution of Plin4-
12mer from a fraction similar to that shown in a on a Source S column submitted to a NaCl gradient
from 1 mM to 1000 mM. The continuous grey line shows the theoretical salt gradient, the dashed grey
line shows the conductivity, and the continuous black line shows the optical density at 220 nm. The
indicated fractions were analysed by SDS-PAGE using Sypro Orange staining. (¢) NBD labelling.
Plin4 4mer, 12mer and 20mer were purified by cation exchange chromatography as in b, and then were
incubated with an excess of NBD-iodoacetamide. After quenching with DTT, the samples were loaded
on a NAP-10 column to separate the proteins from the excess probe. The gel shows the first 5 fractions
of the NAP-10 column corresponding to the protein fractions. The gel was directly visualized in a
fluorescence imaging system to detect NBD-labeled proteins and then stained with Sypro Orange to
detect all proteins.
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Supplementary Figure 4
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Supplementary Figure 4. Localization of a hydrophobic Plin4 AH mutant in HeLa cells. (a)
Localization of the 3TV Plin4-4mer mutant in live HeLa cells is similar as in fixed cells (see Fig.
3b). (b) Wild-type Plin4-4mer-mCherry does not colocalize with the ER marker Sec61b-GFP (transient
expression), whereas the more hydrophobic 3TV mutant shows colocalization, although it probably
also localizes to other internal membranes. LDs were stained with Bodipy and cells were fixed before
viewing with confocal microscope. Scale bar: 10 um.
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Supplementary Figure 5. Supporting data for experiments with Plin4-oil emulsion. (a,b)
Vortexing does not affect the liposome binding properties of Plin4 AH. a) Fluorescent spectra of NBD-
Plin4-4mer before or after 90 s of vigorous vortexing in buffer alone or in buffer containing
diphytanoyl-PS liposomes. Fluorescence maxima are plotted in b, with error bars showing the variation
between two independent experiments. (¢) Enlarged area of the negative staining electron microscopy
image of the Plin4-12mer-triolein emulsion shown in Fig. 6¢. Scale bar: 0.5 pm. (d) Dynamic light
scattering measurement of the size distribution of an aliquot withdrawn from the middle of the oil
emulsion obtained with Plin4-4mer, Plin4-12mer, or Plin4-20mer (all at 0.5 mg ml") from 3
independent experiments, with dots representing peak maxima and vertical bars representing
polydispersity.
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Supplementary Figure 6. CCT1 depletion in Drosophila S2 cells transfected with Plin4-12mer. (a)
CCT1 expression was reduced at least five-fold by RNAI treatment of S2 cells that were either stably
transfected with Plin4-12mer-GFP or with GFP only. Primers used were the same as in3, where similar
results were obtained. Mean values for quantitative real-time PCR, performed in triplicates, from a
representative experiment are shown. (b, ¢) Summary of LD size measurements from three
independent RNAI control (b) and RNAi CCT1 experiments (¢), comparing LDs in cells transfected
with Plin4-12mer-GFP or in non-transfected cells. Each box-and-whisker plot represents LDs from 10
cells, with horizontal bars showing the median, boxes showing first and third quartiles, and vertical
bars showing range of values. Data were analyzed using Wilcoxon Mann—Whitney test for unpaired
data.
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Supplementary Figure 7. Images of uncropped gels and Western blot membranes.



Copicetal, 2018

Supplementary Note 1. Coverage of triolein by Plin4-12mer in emulsion experiments

We estimate the efficiency of oil coverage by Plin4 from the yield of in vitro emulsion experiments
(see Fig. 6).

In these experiments, about 10 nmoles of Plin4 12mer convert 10 pl of triolein into small droplets with
a mean radius R, = 200 nm.

The number of droplets N, is given by the ratio between the volume of oil (V,;) and the droplet
volume

V=10 ul=10" nm’

Vrop = (4/3)R g0y’ = 3.3 x 107 nm’

Narop = Vil Virop = 3 x 10"

The surface of each droplet is

Sdrop = 471:Rd,.0p2 ~5x 10° nm’,

Consequently, the total surface of oil exposed to buffer is

Soit = Narop X Sarop = 1.5 X 10" nm*

This surface should then be compared to the area of Plin4 molecules in a helical conformation.

Assuming that Plin4 adopts a perfectly helical conformation when in contact with neutral lipids, each
Plin4 33-mer repeat covers an area:

A jmer = 1 nm (helix width) x 0.15 nm (length/amino-acid) x 33 (number of amino-acid) = 5 nm’.

The value of 1 nm corresponds to the width of the apolipoprotein helix when forming a minimal
discoidal lipid particle *. In such a particle, two anti-parallel helices are in tight contact with each other.

The area covered by Plind 12mer, which was used in the experiment of Fig. 6, is
Appmer =5 % 12=60 nm’

After flotation, 10% of Plin4 (= 1 nmole or 10® mole) is recovered in the floating fraction and thus
coats the droplets (Fig. 6g). The total area of Plin4 12mer helix is

Aprotein =107 X Ny X A j3mer = 107 X 6.02 x 10* x 60 = 3.6 x 10'® nm* where N, is the Avogadro
number.

These calculations indicate that the total surface of protein (4 p,q:) is in the same range as the total
surface of droplets (S,;;). However, the exact values given by these estimations should be taken with
caution. First, the oil surface is difficult to assess because the oil droplets are not homogeneous in size
(see Fig. 6b,c). We can see both large drops of oil (a few pm in diameter) in the fluorescent-labeled
emulsion (Fig. 6d) as well as very small droplets (= 10 nm in diameter) by EM (Fig. 6¢). In addition,
we have not been able to measure the amount of residual oil that has not been incorporated into the
protein-oil emulsion. Second, the exact amount of Plin4 is difficult to determine because the amino
acid composition of this protein makes it poorly adapted to classical protein concentration assays (see
Methods). Third, the exact elementary surface covered by each Plin4 33-mer repeat cannot be precisely
known without knowledge of its exact structure. Notwithstanding these limitations, the good match
between the two surfaces makes a mechanism of oil coverage by a coat consisting of packed Plin4
molecules a plausible model.
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Comparison of Plin4 AH amino acid composition with protein averages.

Amino Plind AH a-helix average | vertebrate average | Pplind AH / vert.
acid [mol%] M [mol%] @ [mol%] @ average
Ala 10.7 7.05 7.4 1.45
Arg 0.4 6.05 4.2 0.10
Asn 3.3 3.8 4.4 0.75
Asp 5.3 4.95 5.9 0.90
Cys 1.2 33 33 0.36
GlIn 34 6.35 5.8 0.59
Glu 0.4 7.95 3.7 0.11
Gly 15.4 2.15 7.4 2.08
His 0.1 5.25 2.9 0.03
Ile 1.3 5.45 3.8 0.34
Leu 5.4 6.7 7.6 0.71
Lys 8.8 6.15 7.2 1.22
Met 2.3 6.5 1.8 1.28
Phe 0.3 5.8 0.08
Pro 0 1.7 5 0.00
Ser 5.5 2.85 8.1 0.68
Thr 20.9 3.8 6.2 3.37
Trp 0.1 5.1 1.3 0.08
Tyr 0.1 3.7 33 0.03
Val 14.9 4.5 6.8 2.19

Negative 9.2

Positive 5.7

) Composition of amino acid region 67-1042 from human Plin4.
@ Data from’.

Color code legend: amino acids that are under-represented compared to vertebrate average are
highlighted in light blue (less) or in blue (more), and over-represented amino acids are highlghted in

light orange (less) or in orange (more).

11
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Supplementary Table 2. Summary of Plin4 AH mutants used in this study.

Construct Description Length [aa] | <H>" | <uH>® | net charge
Plin4-4mer WT 8246-1377 9 132 0.293 | 0.257 +1
1TV [T8V] ¥ 132 0.322 | 0.283 +1
2TV [T8V, T26V] 132 0.351 0.299 +1
3TV [T8V, T26V, T33V] 132 0.38 0.302 +1
3T2A [T8A, T26A, T33A] 132 0.297 0.259 +1
4TS [T8S, T118S, T268S, T33S] 132 0.256 0.248 +1
2K—Q [K9Q, K24Q)] 132 0.339 0.264 -1
2K—Q, 2TV | [K9Q, K24Q, T8V, T26V] 132 0.398 0.299 -1
2D—>N [DION, D32N] 132 0.303 0.247 +3
2D™N, 2TV | [DI10N, D32N, T8V, T26V] 132 0.361 0.288 +3
charge swap, csw | ["KCK/KGT, DND/TSG"] 132 0.293 0.291 +1
csw, 2TV (5 132 0.351 0.315 +1

) Hydrophobicity of one 33-mer repeat was calculated with Heliquest®.

@ Hydrophobic moment of one 33-mer repeat was calculated with Heliquest.

©) This is wild-type sequence from human Plin4, comprising amino acids 246-377 (4 33mer repeats).
Note that the first 3 repeats have the same sequence.

@ All 4mer mutants are based on a single 33mer repeat from the wild-type sequence (aa246-278),
repeated 4 times. Position and substitutions in the 33mer repeat are indicated.

© This mutant contains all charge-swap mutations, with additional [T8V, T26V] substitution.

12



Supplementary Table 3. Plasmids used in this study.
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Name Insert Region (aa) / length @ Vector Host ® | Source
pCLG28 Plin4-2mer hPlin4 246-309 / 66 pmCherry-N1 | Mamm | This study
pACJ22 Plin4-4mer hPlin4 246-377 / 132 pmCherry-N1 | Mamm | This study
pCLG26 Plin4-8mer hPlin4 246-509 / 264 pmCherry-N1 | Mamm | This study
pCLG62 Plin4-12mer hPlin4 510-905 / 396 pmCherry-N1 | Mamm | This study
pCLG70 Plin4-20mer hPlin4 246-905 / 660 pmCherry-N1 | Mamm | This study
11)6KgD1_ mouse Plin4 1-1356 (mouse full length) pcDNA Mamm Ref®
pCLG47 Plin4-Cterm 1060-1356 (mouse) / 296 pmCherry-N1 | Mamm | This study
pCLG48 Plin4-Cterm 1060-1356 (mouse) / 296 pEGFP-N1 Mamm | This study
pCLG34 P4-1T->V 4x[246-278 M8t]®/ 132 pmCherry-N1 | Mamm | This study
pCLG36 P4-2T->V 4x[246-278 M10t2] / 132 pmCherry-N1 | Mamm | This study
pACJ27 P4-3T->V 4x[246-278 M4t] / 132 pmCherry-N1 | Mamm | This study
pACJ43 P4-3T—>A 4x[246-278 M9ta] / 132 pmCherry-N1 | Mamm | This study
pSB49 P4-4T->S 4x[246-278 M5t] / 132 pmCherry-N1 | Mamm | This study
pCLG38 P4-2K—>Q 4x[246-278 M11n] /132 pmCherry-N1 | Mamm | This study
P4- Mamm .
pCLG40 2K->Q 2TV 4x[246-278 M12nt] / 132 pmCherry-N1 This study
pSB22 P4-2D->N 4x[246-278 M15d] / 132 pmCherry-N1 | Mamm | This study
P4- Mamm .
pSB24 2D->N2T->V 4x[246-278 M16dt] / 132 pmCherry-N1 This study
pACI33 fg;lcpharge 4x[246-278 M3kd] / 132 pmCherry-N1 | MMM | Tpic rudy
P4-charge Mamm .
pACJ41 swap 2TV 4x[246-278 M7kt] / 132 pmCherry-N1 This study
pCLGO5 g;?ynudem[l' [1-85]/85 pmCherry-NT | MMM | 1pic rudy
T.
pSec61p Sec61f (AddGene #15108) pAcGFP-CI Mamm | Rapoport
GFP(C-term fusion) pRS416-
pRHT140 ADHpr Yeast S.Leon
Nhel for subcloning .
pKE28 pRHT140 Yeast This study
pKE31 PLin4-4mer hPlin4 246-377 / 132 pKE28 Yeast This study
pKE33 Plin4-12mer hPlin4 510-905 / 396 pKE28 Yeast This study
pKE35 P4-2T->V 4x[246-278 M10t2] / 132 pKE28 Yeast This study
P4- .
pKE41 2K->Q 2TV 4x[246-278 M12nt] / 132 pKE28 Yeast This study
pCLGO3 PLin4-4mer hPlin4 246-377 / 132 pET21b E.coli | This study
pKE23 Plin4-12mer hPlin4 510-905 / 396 pET21b E.coli | This study
pKE25 Plin4-20mer hPlin4 246-905 / 660 pET21b-3stop | E.coli | This study
pKE44 P4-2T->V 4x[246-278 M10t2] / 132 pET21b E.coli | This study
pMTWG Puro-MTpr—GFP PAWG Dros. This study
pSB41 Plin4-12mer hPlin4 510-905 / 396 pMTWG Dros. This study

(1) Position amino acids in the human Plin4 primary sequence is given, unless otherwise noted.
(2) Mamm: mammalian cells, Dros.: Drosophila cells

(3) All mutants are 4 repeats of the same amino acid sequence; see Supplementary Table 4.
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Supplementary Table 4. Synthetic genes used in this study.

Name

Construct

protein sequence (full length)

DNA sequence

PLin4-4mer

Plin4[246-377]

MSKTVLTGTKDTVCSGVTGAMNVAKGTIQTGVDTSKTVLTGTKDTV
CSGVTGAMNVAKGTIQTGVDTSKTVLTGTKDTVCSGVTGAMNVAK
GTIQTGVDTtKTVLTGTKNnTVCSGVTGAVNIAKealQgGIDT

CTCGAGatg AGCAAAACCGTGCTCACTGGGACGAAGGATACCGTGTGTTCTGGCGTAACCGGTGCCATGAACGTGGCAAAAGGCACCATTCAG
ACAGGGGTGGATACCAGCAAGACTGTCCTGACAGGCACCAAGGACACGGTTTGTTCCGGTGTCACAGGAGCGATGAATGTGGCCAAAGGTACC
ATCCAGACTGGCGTAGACACTTCCAAGACAGTGCTGACAGGAACTAAGGACACTGTCTGCTCAGGCGTTACAGGGGCTATGAACGTGGCTAAG
GGCACCATCCAGACAGGCGTTGACACAACCAAAACCGTGCTTACGGGGACTAAGAACACTGTCTGCAGTGGAGTGACAGGAGCAGTCAATCTG
GCCAAAGAGGCCATACAAGGAGGGTTGGATACCaa GGATCC

Plin4-8mer

Plin4[246-509]

MSKTVLTGTKDTVCSGVTGAMNVAKGTIQTGVDTSKTVLTGTKDTV
CSGVTGAMNVAKGTIQTGVDTSKTVLTGTKDTVCSGVTGAMNVAK
GTIQTGVDTTKTVLTGTKNTVCSGVTGAVNLAKEAIQGGLDTTKSM
VMGTKDTMSTGLTGAANVAKGAMQTGLNTTQNIATGTKDTVCSG
VTGAMNLARGTIQTGVDTTKIVLTGTKDTVCSGVTGAANVAKGAV
QGGLDTTKSVLTGTKDAVSTGLTGAVNVAKGTVQTGVDTKD

ctcgagatgTCCAAGACAGTCCTCACCGGCACTAAAGACACAGTGTGTTCTGGCGTTACCGGCGCCATGAATGTAGCCAAAGGAACAATCCAAACT
GGTGTGGACACCTCCAAGACCGTCTTGACAGGAACCAAGGATACTGTCTGTAGCGGAGTGACTGGCGCGATGAATGTGGCAAAAGGCACCATA
CAGACCGGGGTTGATACATCCAAGACAGTGCTCACCGGGACAAAGGATACGGTGTGTAGTGGTGTCACAGGGGCTATGAACGTGGCGAAGGG
CACGATTCAGACTGGGGTCGACACCACGAAAACAGTCCTGACTGGCACAAAGAACACCGTTTGCTCAGGTGTGACAGGCGCAGTGAACCTTGCC
AAGGAGGCCATTCAGGGTGGGTTGGATACCACTAAAAGCATGGTTATGGGGACCAAGGATACCATGAGCACAGGACTGACTGGCGCTGCAAAC
GTGGCAAAAGGCGCCATGCAGACAGGCCTGAATACGACTCAGAACATTGCGACCGGTACAAAAGACACTGTTTGCTCTGGGGTGACCGGTGCC
ATGAATCTGGCTAGAGGAACGATCCAGACAGGCGTAGACACTACTAAGATCGTGCTGACCGGAACTAAGGATACCGTGTGCAGCGGTGTTACT
GGGGCAGCCAACGTAGCTAAAGGAGCCGTGCAAGGAGGGCTGGATACCACGAAGAGTGTGCTGACCGGCACGAAAGACGCTGTATCAACCGG
GCTTACAGGCGCTGTCAATGTCGCCAAAGGAACCGTGCAGACAGGAGTTGACACTaaggatcc

Plin4-12mer

Plin4[510-905]

MTKTVLTGTKDTVCSGVTSAVNVAKGAVQGGLDTTKSVVIGTKDT
MSTGLTGAANVAKGAVQTGVDTAKTVLTGTKDTVTTGLVGAVNVA
KGTVQTGMDTTKTVLTGTKDTIYSGVTSAVNVAKGAVQTGLKTTQ
NIATGTKNTFGSGVTSAVNVAKGAAQTGVDTAKTVLTGTKDTVTTG
LMGAVNVAKGTVQTSVDTTKTVLTGTKDTVCSGVTGAANVAKGAI
QGGLDTTKSVLTGTKDAVSTGLTGAVKLAKGTVQTGMDTTKTVLTG
TKDAVCSGVTGAANVAKGAVQMGVDTAKTVLTGTKDTVCSGVTG
AANVAKGAVQTGLKTTQNIATGTKNTLGSGVTGAAKVAKGAVQGG
LDTTKSVLTGTKDAVSTGLTGAVNLAKGTVQTGVDTKD

CTCGAGatgACCAAAACCGTGCTTACCGGCACCAAAGACACGGTTTGCAGTGGCGTTACATCTGCCGTCAATGTTGCCAAGGGTGCAGTGCAAG
GTGGTCTGGACACGACCAAAAGCGTGGTAATCGGGACCAAGGATACCATGTCCACAGGACTGACCGGAGCTGCGAATGTCGCTAAGGGAGCA
GTGCAGACTGGAGTCGATACCGCTAAGACCGTTCTTACTGGGACGAAAGACACAGTTACCACCGGACTGGTTGGGGCCGTAAACGTAGCCAAG
GGGACAGTCCAGACAGGTATGGACACGACCAAGACTGTTCTGACTGGCACCAAGGACACAATCTACTCTGGGGTCACATCAGCTGTGAACGTA
GCCAAAGGGGCTGTGCAAACAGGCCTCAAAACCACCCAGAACATTGCCACGGGGACTAAGAATACCTTCGGCTCAGGCGTGACCTCCGCTGTG
AATGTGGCCAAGGGAGCAGCTCAGACGGGCGTAGACACAGCCAAGACTGTGCTGACTGGTACTAAGGACACTGTGACCACTGGACTGATGGG
AGCGGTGAATGTTGCCAAAGGCACCGTGCAGACTTCCGTGGACACTACTAAGACCGTTCTCACTGGAACTAAGGACACCGTTTGT AGCGGGGT
GACTGGCGCAGCGAATGTCGCCAAGGGCGCCATTCAGGGCGGCTTGGATACCACAAAATCCGTCTTGACCGGCACAAAAGATGCCGTAAGCAC
AGGCCTTACCGGCGCCGTGAAACTGGCCAAAGGGACGGTGCAAACTGGCATGGACACGACAAAGACCGTCCTGACCGGGACCAAGGATGCTG
TCTGCTCAGGTGTGACCGGCGCTGCAAACGTGGCCAAGGGTGCGGTCCAGATGGGAGTGGATACAGCCAAAACCGTGTTGACAGGGACAAAG
GATACTGTCTGTAGCGGTGTTACGGGCGCCGCAAACGTCGCCAAAGGGGCGGTCCAGACAGGACTCAAGACGACCCAGAACATAGCAACAGG
GACAAAGAACACCCTCGGTAGTGGAGTGACAGGGGCTGCAAAAGTGGCAAAGGGCGCTGTGCAAGGCGGCCTGGATACTACAAAGTCTGTCC
TGACTGGAACTAAAGACGCAGTGAGCACAGGACTGACTGGAGCTGTGAATCTGGCAAAAGGGACAGTACAGACAGGTGTGGATACAaaggatc
[

Plin4-1T>V

4xM8t1

SKTVLTGVKDTVCSGVTGAMNVAKGTIQTGVDTSKTVLTGVKDTVC
SGVTGAMNVAKGTIQTGVDTSKTVLTGVKDTVCSGVTGAMNVAKG
TIQTGVDTSKTVLTGVKDTVCSGVTGAMNVAKGTIQTGVDT

CTCGAGatgTCCAAGACAGTGCTCACAGGCGTCAAAGACACCGTGTGTAGTGGGGTTACTGGGGCTATGAATGTGGCCAAAGGAACCATCCAG
ACTGGAGTCGATACCTCCAAGACCGTACTGACTGGTGTGAAAGACACCGTCTGCTCAGGGGTTACTGGTGCCATGAATGTCGCGAAAGGCACGA
TTCAGACAGGTGTGGACACAAGCAAGACAGTGCTGACAGGCGTAAAGGACACTGTATGCTCTGGCGTTACTGGGGCAATGAACGTCGCTAAAG
GGACCATACAGACTGGCGTGGATACGAGCAAGACCGTGCTTACCGGAGTCAAGGATACCGTGTGTTCTGGCGTGACAGGCGCAATGAACGTTG
CCAAGGGAACCATCCAAACGGGAGTGGATACAaaGGATCC

Plin4-2T>V

4xM10t2

SKTVLTGVKDTVCSGVTGAMNVAKGVIQTGVDTSKTVLTGVKDTVC
SGVTGAMNVAKGVIQTGVDTSKTVLTGVKDTVCSGVTGAMNVAKG
vIQTGVDTSKTVLTGVKDTVCSGVTGAMNVAKGVIQTGVDT

ctcgagatgAGCAAGACCGTACTGACTGGGGTTAAGGACACCGTCTGTTCTGGCGTTACTGGTGCGATGAATGTCGCCAAAGGCGTGATTCAGACA
GGAGTGGATACCTCCAAGACGGTGCTTACAGGCGTGAAAGACACTGTGTGTTCAGGCGTTACAGGCGCAATGAACGTCGCAAAAGGTGTGATC
CAAACGGGCGTGGATACCAGCAAGACGGTGCTGACAGGGGTCAAGGATACCGTTTGCTCTGGAGTTACAGGGGCTATGAACGTAGCCAAAGG
GGTGATACAGACCGGAGTGGACACTTCCAAGACTGTGCTCACTGGTGTGAAGGACACAGTCTGCAGTGGAGTCACAGGAGCCATGAATGTGGC
TAAAGGGGTCATCCAGACCGGCGTAGATACCaaggatcc

Plin4-3T>V

4xM4t

SKTVLTGVKDTVCSGVTGAMNVAKGVIQTGVDVSKTVLTGVKDTVCS
GVTGAMNVAKGVIQTGVDVSKTVLTGVKDTVCSGVTGAMNVAKGvV
IQTGVDVSKTVLTGVKDTVCSGVTGAMNVAKGVIQTGVDv

CTCGAGatgTCCAAGACAGTTCTGACCGGCGTGAAGGACACCGTATGCTCAGGGGTCACTGGTGCCATGAATGTCGCCAAAGGAGTGATTCA
GACTGGAGTGGATGTCAGCAAGACAGTGCTTACTGGCGTGAAAGACACGGTGTGTAGTGGAGTTACAGGCGCCATGAACGTGGCAAAGGGAG
TGATCCAGACTGGGGTTGACGTGAGCAAGACCGTACTCACAGGCGTCAAGGATACGGTTTGCTCTGGCGTAACTGGCGCTATGAACGTAGCGA
AAGGAGTGATCCAAACCGGCGTTGATGTCTCCAAGACCGTTCTGACCGGTGTCAAAGACACCGTCTGTTCTGGGGTGACAGGGGCAATGAATGT

GGCTAAAGGGGTGATACAGACAGGTGTGGATGTGaaGGATCC



Supplementary Table 4. Synthetic genes used in this study.


Plin4-3T>A

4xM9ta

SKTVLTGaKDTVCSGVTGAMNVAKGalQTGVDaSKTVLTGaKDTVC
SGVTGAMNVAKGalQTGVDaSKTVLTGaKDTVCSGVTGAMNVAK
GalQTGVDaSKTVLTGaKDTVCSGVTGAMNVAKGalQTGVDa

CTCGAGatgTCCAAGACAGTTCTGACAGGGGCTAAGGATACGGTGTGTTCTGGGGTGACAGGTGCCATGAACGTCGCCAAAGGCGCTATCCAG
ACAGGGGTTGACGCAAGCAAAACCGTCCTGACTGGCGCAAAAGACACTGTGTGCTCAGGAGTTACCGGTGCCATGAATGTGGCAAAGGGAGCC
ATCCAAACCGGCGTGGATGCGTCTAAGACAGTCCTTACCGGAGCAAAGGATACCGTGTGTAGCGGGGTAACCGGAGCCATGAATGTCGCCAAG
GGCGCCATACAGACTGGCGTTGATGCCTCCAAGACTGTCCTCACTGGCGCTAAAGACACGGTGTGCAGTGGAGTGACAGGCGCAATGAACGTA
GCTAAAGGGGCGATTCAGACCGGTGTGGACGCTaaGGATCC

Plin4-4T>S

4xM5t

SKTVLTGSKDSVCSGVTGAMNVAKGSIQTGVDSSKTVLTGSKDSVCS
GVTGAMNVAKGSIQTGVDSSKTVLTGSKDSVCSGVTGAMNVAKGS
IQTGVDSSKTVLTGSKDSVCSGVTGAMNVAKGSIQTGVDS

AGCAAAACCGTGCTCACTGGGagcAAGGATtccGTGTGTTCTGGCGTAACCGGTGCCATGAACGTGGCAAAAGGCtcaATTCAGACAGGGGTGGA
TtctAGCAAGACTGTCCTGACAGGCtccAAGGACagcGTTTGTTCCGGTGTCACAGGAGCGATGAATGTGGCCAAAGGTctATCCAGACTGGCGTA
GACagtTCCAAGACAGTGCTGACAGGAagtAAGGACtcaGTCTGCTCAGGCGTTACAGGGGCTATGAACGTGGCTAAGGGCtccATCCAGACAGGC
GTTGACtcaagcAAAACCGTGCTTACGGGGtctAAGgacagtGTCTGCAGTGGAGTGACAGGAGCAatgAATgtcGCCAAAggtagcATACAAacgGGGE
taGATtcc

Plin4-2K>Q

4xM11n

SKTVLTGTgDTVCSGVTGAMNVAQGTIQTGVDTSKTVLTGTgDTVC
SGVTGAMNVAQGTIQTGVDTSKTVLTGTqDTVCSGVTGAMNVAq
GTIQTGVDTSKTVLTGTgDTVCSGVTGAMNVAQGTIQTGVDT

CTCGAGatgAGCAAAACCGTGCTTACCGGTACTCAGGACACTGTGTGCTCTGGCGTGACAGGTGCCATGAATGTGGCACAGGGGACCATACAG
ACCGGTGTCGATACGTCCAAGACCGTGCTGACTGGCACACAGGACACTGTCTGCAGTGGCGTAACTGGAGCCATGAATGTCGCACAAGGCACC
ATTCAGACTGGGGTGGATACCTCCAAGACCGTTCTCACGGGAACACAGGATACCGTGTGTTCTGGGGTTACAGGAGCCATGAACGTGGCTCAAG
GCACAATCCAGACAGGCGTTGATACGAGCAAAACCGTCCTGACAGGCACGCAAGACACCGTGTGTTCAGGGGTAACTGGAGCGATGAACGTCG
CTCAGGGAACAATCCAGACTGGGGTTGACACAaaGGATCC

Plin4-
2K>Q,2T>V

4xM12nt

SKTVLTGvgDTVCSGVTGAMNVAQGVIQTGVDTSKTVLTGvgDTVC
SGVTGAMNVAQGVIQTGVDTSKTVLTGvgDTVCSGVTGAMNVAQG
VvIQTGVDTSKTVLTGvgDTVCSGVTGAMNVAqGVIQTGVDT

ctcgagatgTCCAAAACCGTGCTGACTGGAGTCCAGGACACTGTGTGTTCTGGCGTTACTGGCGCGATGAATGTGGCTCAAGGCGTGATACAGAC
AGGCGTGGATACCAGCAAGACCGTGCTCACTGGGGTGCAAGACACGGTGTGCAGTGGTGTCACTGGAGCCATGAACGTTGCACAAGGGGTGA
TTCAGACCGGAGTGGATACCTCCAAGACAGTGCTGACAGGCGTACAGGACACTGTCTGCTCAGGCGTAACAGGGGCCATGAACGTCGCTCAGG
GTGTCATCCAGACGGGTGTCGATACGAGCAAAACCGTGCTTACCGGGGTTCAGGATACCGTGTGTTCTGGGGTAACAGGAGCCATGAATGTTG
CACAGGGCGTTATCCAGACAGGAGTCGACACAaaggatcc

Plin4-2D>N

P4-M15d

SKTVLTGTKNTVCSGVTGAMNVAKGTIQTGVNTSKTVLTGTKNTVC
SGVTGAMNVAKGTIQTGVNTSKTVLTGTKNTVCSGVTGAMNVAK
GTIQTGVNTSKTVLTGTKNTVCSGVTGAMNVAKGTIQTGVNT

AGCAAAACGGTACTCACTGGCACAAAGAACACGGTTTGCAGTGGAGTCACTGGAGCCATGAATGTGGCAAAAGGCACCATTCAGACTGGGGTG

AATACCTCCAAAACCGTCCTGACAGGAACCAAGAACACAGTGTGCTCTGGAGTCACTGGGGCAATGAATGTTGCCAAGGGTACCATCCAAACTG

GGGTTAACACCTCCAAGACTGTCCTTACAGGCACGAAGAATACCGTCTGTTCTGGTGTAACCGGTGCTATGAATGTGGCGAAAGGGACGATACA

GACAGGCGTGAACACAAGCAAGACAGTGCTGACTGGCACCAAGAACACCGTGTGTTCAGGCGTTACAGGCGCTATGAACGTGGCCAAAGGAAC
TATCCAGACAGGGGTGAATACC

Plin4-
2D>N,2T>V

P4-M16dt

SKTVLTGVKNTVCSGVTGAMNVAKGVIQTGVNTSKTVLTGVKNTVC
SGVTGAMNVAKGVIQTGVNTSKTVLTGVKNTVCSGVTGAMNVAK
GVIQTGVNTSKTVLTGVKNTVCSGVTGAMNVAKGVIQTGVNTKD

CTCGAGatgAGCAAAACCGTCCTTACAGGCGTGAAGAACACAGTATGCTCAGGAGTGACTGGAGCCATGAATGTGGCAAAGGGTGTGATCCAGA
CAGGTGTGAATACCAGCAAGACGGTACTGACAGGCGTAAAGAACACTGTCTGCTCTGGGGTTACCGGAGCTATGAACGTCGCAAAAGGCGTGA
TTCAGACTGGGGTGAACACCTCCAAAACCGTTCTCACAGGAGTGAAGAACACCGTTTGTTCCGGCGTTACAGGAGCGATGAATGTGGCCAAAGG
GGTCATCCAAACCGGGGTCAACACCTCTAAGACGGTGCTGACTGGCGTGAAGAATACGGTGTGTAGTGGCGTTACTGGGGCTATGAATGTCGC
CAAAGGCGTCATACAGACTGGTGTGAATACAaaggatcc

Plin4-charge
swap

4xM3kd

SKDKLTGTVTTVGNCVTGAMSVATDKIQTGVGTSKDKLTGTVTTVG
NCVTGAMSVATDKIQTGVGTSKDKLTGTVTTVGNCVTGAMSVATD
KIQTGVGTSKDKLTGTVTTVGNCVTGAMSVATDKIQTGVGTKD

CTCGAGatgTCTAAAGACAAACTGACCGGTACAGTGACGACTGTCGGGAATTGCGTGACTGGAGCAATGTCCGTTGCTACCGACAAGATCCA
GACAGGGGTTGGGACGAGCAAAGATAAGCTTACCGGCACTGTGACTACAGTGGGCAATTGCGTTACCGGAGCCATGAGTGTCGCAACGGACAA
GATACAGACTGGAGTGGGCACAAGCAAGGATAAACTGACGGGCACCGTTACCACCGTCGGAAACTGTGTCACCGGTGCGATGTCAGTGGCCAC
AGACAAGATCCAAACTGGCGTAGGGACTTCCAAGGATAAACTCACAGGGACCGTCACAACAGTGGGCAACTGTGTGACAGGTGCCATGTCTGT
GGCTACCGATAAGATTCAGACTGGAGTAGGCACCaaGGATCC

Plin4-
ch.swap,2T>V

P4-M7kt

SKdAkLTGwvtTVgncVTGAMsVAvdkIQTGVgTSKAKLTGwwtTVgncVT
GAMSsVAvdklIQTGVgTSKAKLTGwtTVgncVTGAMsVAvdAkIQTGVg
TSKAKLTGvvtTVgncVTGAMsVAvdkIQTGVET

CTCGAGatgAGCAAAGACAAGCTTACCGGAGTCGTGACAACGGTCGGCAATTGCGTGACCGGTGCCATGTCAGTGGCTGTCGACAAGATACAG
ACAGGAGTGGGGACATCCAAGGATAAACTGACAGGGGTAGTGACCACAGTGGGCAACTGTGTGACTGGCGCAATGTCTGTGGCCGTTGACAA
AATCCAGACTGGAGTAGGGACTAGCAAAGACAAACTGACTGGGGTTGTCACGACAGTGGGTAACTGTGTGACCGGAGCTATGAGTGTTGCCGT
TGATAAGATCCAAACCGGCGTAGGGACCTCTAAGGATAAGCTCACCGGCGTTGTCACCACTGTGGGCAATTGCGTCACAGGTGCGATGTCCGTG

GCAGTCGATAAGATTCAGACGGGAGTGGGCACTaaGGATCC
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