Nuclear membrane protein Lem?2 regulates nuclear size through membrane flow

Kume et. al.
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Supplementary Figure 1: Lem2 deletion enhances nuclear size enlargement

(a) N/C ratio of wild type (WT), manlA, imalA, kmsIA, sadl.l, rael-167,rael-167 manlA, rael-167 imalA, rael-
167 kmsIA and rael-167 sadl.l cells (25°C) shifted to the indicated temperature for four hours (n > 30 cells). Two-
tailed Mann Whitney tests: manlA (n = 43 cells), imalA (n =36 cells), kmsIA (n =32 cells) and sadl.1 (36°C) (n =
31 cells) against WT (n =35 cells), P =0.1574, 0.1530, 0.7695 and 0.0761 respectively; rael-167 manIA (n =34
cells), rael-167 imalA (n =42 cells), rael-167 kmsIA (n =31 cells) and rael-167 sadl.1 (n = 35 cells) against
rael-167 (n =43 cells), P =0.1282, 0.3742, 0.1609 and 0.2217 respectively. The corresponding dot plot is
available in Supplementary Fig. 10a.

(b) Images of the nuclear envelope (Cutl 1-GFP, green) of WT and lem2A cells (25°C) untreated or treated with 100
ng/ml leptomycin B (+ LMB) for three hours. Maximum intensity projections shown. Scale bar: 5 um.

(c) N/C ratio of WT and lem2A cells (25°C) untreated or treated with 100 ng/ml leptomycin B (+LMB) for three
hours (n > 30 cells). Two-tailed Mann Whitney tests: **P = 0.0013, WT + LMB (n = 32 cells) against lem2A +
LMB (n = 32 cells); lem2A (n =52 cells) against WT (n = 35 cells), P = 0.8062. The corresponding dot plot is
available in Supplementary Fig. 10Db.

In all box-and-whiskers diagrams, boxes indicate median and upper and lower quartile and whiskers indicate range

of data.
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Supplementary Figure 2: Double mutant analysis of rael-167 with proteins reported to localise to the nucleus,
the endoplasmic reticulum and /or other organelles

N/C ratio of WT, rael-167 and indicated double mutants. Cells grown at 25°C were shifted to 36°C for four hours
(n = 20 cells). In box-and-whiskers diagrams, boxes indicate median and upper and lower quartile and whiskers
indicate range of data.
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Supplementary Figure 3: Cerulenin treatment causes shrinkage of interphase lem2A but not wild type nuclei
(a) Images of the nuclear envelope (Cutl 1-GFP, green) of wild type (WT) and lem2A cells grown at 25°C untreated
(-Cer) or treated (+Cer) with 10 pg/ml cerulenin for three hours. Maximum intensity projections shown. Scale bar: 5
pum.

(b) Stills from timelapse imaging of /em2A cells treated with 10 pg/ml cerulenin at 32°C that show blebbing. Time
after drug addition indicated. Scale bar: 10 um. Nuclear envelope (Cutl 1-GFP, green) maximum intensity
projection.
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Supplementary Figure 4: Membrane staining indicates aberrant nuclear shape and membrane foci on
nuclear envelope of lem2A cells treated with cerulenin

Images of wild type (WT) and lem2A cells, untreated (-Cer) and following 90 mins of treatment with 10 pg/ml
cerulenin (+Cer) at 32°C. Cellular membranes visualized by DiOC; staining. Single z-slice shown. Scale bar: 5 um.



Supplementary Figure 5: Membranous compartments in close proximity to the nuclear envelope and
intranuclear membranous structures are visible in cerulenin treated lem2A cells.

Transmission electron microscopy images of lem2A cells treated with 10 pg/ml cerulenin for 90 minutes displaying
intranuclear membranous structures (a) and membranous compartments in close proximity to the nuclear envelope
(b) indicated by black arrowheads. Scale bars: 250 nm.
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Supplementary Figure 6: Lem?2 localisation is not affected by increasing its copy number

(a) Images of wild type cells grown at 25°C expressing 1 copy or 2 copies of Lem2-GFP (Lem2-GFP, green). Single
z-slice shown. Scale bar: 5 pm.

(b) Stills from timelapse microscopy of a lem2A cell grown at 25°C (EtOH treated as control) displaying nuclear
shrinkage. Time in minutes indicated. Scale bar: 10 um. Cell (brightfield, grayscale, left hand column), nuclear
envelope maximum intensity projection (Cutl 1-GFP, grayscale, right hand column).
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Supplementary Figure 7: Increased copy number of Inp1 suppresses the reduction of N/C ratio caused by
cerulenin treatment of lem2A cells

N/C ratio of lem2A cells containing one (x1) or two (x2) copies of the gene encoding Lnpl grown at 25°C untreated
or treated with 10 pg/ml cerulenin (+Cer) for three hours. (n > 30 cells). Two-tailed Mann Whitney test: ****P <
0.0001, lem2A + 1xinpl*™ + cerulenin (n = 32 cells) against lem2A + 2xInpI* + cerulenin (n = 33 cells). In box-and-
whiskers diagrams, boxes indicate median and upper and lower quartile and whiskers indicate range of data. The
corresponding dot plot is available in Supplementary Fig. 10c.
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Supplementary Figure 8: The nuclear size phenotypes of lem2 deletion cells grown in EMM medium
(a) N/C ratio of wild type (WT), and lem2A cells grown in EMM medium with or without 100 ng/ml
leptomycin B (+LMB) for three hours or four hours (25°C) (n > 22 cells). The corresponding dot plot is
available in Supplementary Fig. 10d.

(b) N/C ratio of WT and /lem2A cells grown in EMM medium with or without 10 pg/ml cerulenin for three,
four or six hours (25°C) (n > 30 cells). The corresponding dot plot is available in Supplementary Fig. 10e.
In all box-and-whiskers diagrams, boxes indicate median and upper and lower quartile and whiskers
indicate range of data.
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Supplementary Figure 9: Dot plot of N/C ratios shown in the indicated Figures
Error bars represent mean =+ s.d.
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Supplementary Figure 10: Dot plot of N/C ratios shown in the indicated Supplementary Figures
Error bars represent mean + s.d.



Supplementary Table 1: S. pombe strains used in this study

Strain Genotype Sources
Neumann Fig.1a, 1b, 2a-c, 2g, 3¢, 3d, 4a, 4c,
PN10345 h cutl 1*:GFP:ura4" ura4-D18 & Nurse Supplementary Fig.1a-c, 2, 3a, 8,
2007 Supplementary Movie 1-4
UKKA412 h rael-167 cutl1*:GFP:ura4" ura4-D18 leul-32 Kume et al. | Fig.1a, 1b, 3d, 4b, 4c,
ade6 2017 Supplementary Fig.1a, 2
h rael-167 lem2A::kan” cutl 1" :GFP:ura4* ura4- . .
UKK737-2C DIS lewl-32 ade6 This study Fig.1a, 1b, 4b, 4c
W rael-167 lem2A::kan” cutl I":GFP:ura4" leul- . .
UKK925-5B 32-lem2" yrad-D18 ade6 This study | Fig.la
W rael-167 lem2A: :kan” cutl I*:GFP:ura4* . .
URKTOEAA 1 i1 -mRFP-kan” ura4-D18 leul-32 ade6 This study | Fig.Ie
Fig. 2a-d, 2g, 2h, 3a-d, 4a, 4c,
- lem2A::kan” cutl 1*:GFP:ura4" ura4-D18 leul-32 . Supplementary Fig.1b, Ic, 3a, 5b,
UKK737-4A ade6 This study 6b, 7, 8, and Supplementary Movie
1-4
W sid4* :mRFP:kan” cutl I'*:GFP:ura4" ura4-D18 . Fig. 2e, Supplementary Fig.3b,
PN3603 leul-32 ade6 This study Supplementary Movie 5-8
h? lem2A.: :kan” sid4* :mRFP:kan" cutl1*:GFP:ura4* . Fig. 2e, Supplementary Fig.3b,
PN5602 ura4-D18 leul-32 ade6 This study | g\ Solementary Movie 5-8
PN5605 h? sid4*:mRFP:kan” ura4-D18 leul-32 ade6 This study | Fig. 2f, Supplementary Fig.4
? .. rooi g4t - . r _ _
PN5604 Z dé%mZA. kan” sid4” mREP:kan” ura4-D18 leul-32 This study Fig. 2f, Supplementary Fig.4
h nemlIA::kan" cutll*:GFP:ura4* ura4-D18 leul- Kume et al. .
UKK342-1A 32 ade6 2017 Fig. 3¢, 3d
? +. . + _39. +. + .
UKK842-1B lg](;utll :GFP:ura4" leul-32:lem2*:leul™ ura4 This study Fig. 3¢, 3d
h? nemIA: kan" cutl 1" :GFP:ura4" leul- . .
UKK3843-24 32:lem2*:leul™ elo2*:mCherry:nat” ura4-D18 This study | Fig. 3c, 3d
? _ +. . + _37- +. +
UKK843-1A h’ rael-167 cutl1*:GFP:ura4" leul-32:lem2*:leul This study Fig. 3d
ura4-DI18
h? cutl1*:mCherry:nat” pBipl:GFP:ADEL :ura4* . .
UKK?2214-3D wrad-D18 lewl-32 This study | Fig. 3e
KK2 h? nemlA::kan” cutl I":mCherry:nat” . .
u 210-108 pBipl:GFP:ADEL:ura4* ura4-D18 leul-32 ade6 This study Fig. 3¢
h? nemlA::kan” cutl I":mCherry:nat’
UKK2210-1C | pBipl:GFP:ADEL:ura4” leul-32:lem2*:leul™ ura4- | This study Fig. 3e
D18 ade6
h? nemlA::kan” cutl I":mCherry:nat’
UKK2255-3B | pBipl:GFP:ADEL:ura4" leul-32:Inp1*:leul™ ura4- | This study | Fig. 3e
DI8
I kan":nmtl:GFP:lem2” cutll*:mCherry:nat” ura4- . .
UKK2212 DIS lewl-32 This study | Fig. 3f
h kan":nmt1:GFP:Inpl* cutl 1" :mCherry:nat” ura4- . .
UKK2215 DIS lewl-32 This study | Fig. 3f
? .. r +. . + _ _
UKK1708-3A ZdézépIA..kan cutl 1" :GFP:ura4” ura4-D18 leul-32 This study Fig. 4a, 4c
h? lem2A: :kan” InpIA: :kan” cutl I": GFP:ura4* . .
UKK1867-1A wrad-DI8 ade6 This study Fig. 4a, 4c
? _ .. r +. . + _
UKK1708-1B h’ rael-167 InpIA::kan" cutll”:GFP:ura4" ura4 This study Fig. 4b, 4c

D18 leul-32 ade6




W rael-167 lem2A.: :kan” InpIA: :kan”

UKKI879-1C cutl I":GFP:ura4™* ura4-D18 ade6 This study | Fig. 4b, 4c
UKK463-1B - manlA::kan" cutl 1*:GFP:ura4” ura4-D18 ade6 This study Supplementary Fig.1a
UKKS546-2C ?; }erea{;-]g;?maﬁ{?: han' cutl I :GFP:urad” leul- This study | Supplementary Fig.la
UKK986-1A ]g ]i(;nzéeAg kan' cutlI”:GFP:urad” leul-32 urad- This study | Supplementary Fig.la
UKK986-2C Z;;Z-e[])_]{;;;galm han' cutlI": GFP:urad” leul-32 This study Supplementary Fig.1a
UKK985-2A g /anéfg kan” cutlI": GFP:urad” leul-32 urad- This study Supplementary Fig.1a
UKK985-1B Z;;Z_eé}?; dIZZSIA ckan” cutl I7:GFP-urad™ leul-32 | i study | Supplementary Fig.1a
UKK1060-4C | h sadl.l cutll":GFP:ura4* ura4-D18 leul-32 This study Supplementary Fig.1a
UKK1846-1B ?é;?_6312-167 sadl. I cutl I":GFP:ura4" urad-D1§ This study | Supplementary Fig.la
UKK1806-3A Z;ﬂ;ﬂfgf(g 1762’}‘%43% urad” cutl I":mCherrynat” This study | Supplementary Fig.2
UKK542-1C g Ilglfelljigegijg kan” cutl I":GFP-ura4™ urad- This study Supplementary Fig.2
UKK543-2B g 1};7614527;;2‘;?: kan' cutlI":GFP:urad™ urad- This study Supplementary Fig.2
UKK1827-1D g ]};Z]’Zigeéﬁ? ckan” cutl I7-GFP:ura4™ urad- This study | Supplementary Fig.2
UKK708-1D ]g 17;7;14_5-637264?;22: han' cutl 1" GEP:urad” ura4- This study | Supplementary Fig.2
UKKS818-1B Z;;Z-el])_l];;e 5 ;)Tg?jdAegkcmr cutl I"-GFP:urad” This study Supplementary Fig.2
UKK1046-6B Z;;Z_eé-]{g;es?{) 3123 Zﬁé’.&kan’ cutl I":GFP:urad’ This study Supplementary Fig.2
UKK1000-1D g ]};211;5272”;5;0& han” cutl I':GFP-urad™ urad- | 0 study | Supplementary Fig.2
UKK1136-3D Z;;Z—eé_l];;e 37{7 3221 é?;gkan" cutl I":GFP:urad” This study | Supplementary Fig.2
UKK1313-5B Z:;Z-el])_]];;e Z?{? 3]22 Zﬁé&kan" cutl I":GFP:urad” This study Supplementary Fig.2
UKK2257-3A il;lgalee IM-II_ZZP om34A::kan” cutl I"-GFP:urad” urad- This study Supplementary Fig.2
UKK2256-2B z;;z_eé}?;es?{) 3125 Zﬁ;.&kan’ cutl I":GFP:urad® This study | Supplementary Fig.2
UKK1400-1A g ];:9512114-5_6372515 ge]62 Asskan” cutlI":GFPrurad™ urad-— | . study | Supplementary Fig.2
UKK1614-1A Z:a:(a-el;}gslz 5 57_ ];ljﬁzs;zadi;w L™ :mCherry:nat” This study Supplementary Fig.2
UKK461-1A g 1};7;;5272)/ pI7IA:kan” cutl I"-GFP:urad” ura4- This study Supplementary Fig.2
UKK1160-1A g 1};7311;527282222? kan” cutl I':GFP:urad™ urad- This study Supplementary Fig.2
UKK1616-1C Z;;Z%;éii;f;?}l’zgaw cutl I":mCherry:nat This study | Supplementary Fig.2
UKK633-5B g ]}:9612114_5_63726255? kan” cutl I":GFP-ura4™ urad- This study | Supplementary Fig.2
UKKA457-3C h’ rael-167 atg5A::kan” cutl 1*:GFP:ura4" ura4- This study | Supplementary Fig.2

D18 leul-32 ade6




h rael-167 cdc48-353 cutl1*:GFP:ura4* ura4-

UKK1407-1A DIS? lewl-32 ade6? This study | Supplementary Fig.2
UKK1379-3D g 1’;7;;527;5 §e5601A: han' cutl I"-GFP:urad” urad- This study Supplementary Fig.2
UKK1401-2B g 1’;7;;527;5 ;;% han' cut 1" GEP:urad” ura4- This study Supplementary Fig.2
UKK1408-2C g ]’;Z]ZZZSZZ;;)ZA: han' cutl I7-GFP:urad™ urad- | o, study | Supplementary Fig.2
UKK1592-7C g 1?7;,;5.63722’"52?: han' cutlI":GFP:urad™ urad- This study | Supplementary Fig.2
UKK1540-2C g Iizga?e ;;{16_73];”1? 140 kan" cutl I":GFP:urad” urad- This study Supplementary Fig.2
UKK1393-1C Z;;Z.eé}{g;e%%i@ékanr cul I":GFP:urad’ This study Supplementary Fig.2
UKKI1572-2A g ]':;?e fe-i?;;k;;égkan" cutl I":GFP:ura4” ura4- This study | Supplementary Fig.2
UKK1468-1B g ];:;?e 5;]6_73;17 ;j,j? han” cutl I":GFP:urad™ urad- This study | Supplementary Fig.2
UKK1576-2A Z:a:(a-el;}gsl;f 57_ ]?(ZA};;;I;QW cutl I';mCherry:nat’ This study Supplementary Fig.2
UKK2261-1A il) Iré?%;i?_: Zr;nd]e%: han' cutl I"-GFP:urad” ura4- This study Supplementary Fig.2
UKK686-1B g ]?22;1667 rPI8OIA: kan” cutl I"-GFPura4" ura4- This study | Supplementary Fig.2
UKK1394-2A g ]’;Zj_gzrs tl;i(?A ckan” cut I": GFP-urad ™ urad- | o, study | Supplementary Fig.2
UKK1294-4B g 1’;7;;527;5 ;ﬁgZA ckan” cutl I": GFP:urad™ urad- This study Supplementary Fig.2
UKK1395-2B g 1};7;;5272]{;;18% han' cutl 1" GEP:urad” ura4- This study Supplementary Fig.2
UKK1597-1A g ]':;?e fe_i?_ggp Zéj?: han” cutl I":GFP:urad™ urad- This study | Supplementary Fig.2
UKK1594-3C g ]r;?e 5;16_73362;?6::/“1# cutl I"-GFP:urad” ura4- This study | Supplementary Fig.2
UKK1591-4C g Iga?e ;e-LIt 16_73];:;,?6 kan' cutlI"-GFP:urad” urad- This study Supplementary Fig.2
UKK1382-2C g 1’;7;;527;5 (Z?A: han' cutlI": GFP:ura4™ urad- This study Supplementary Fig.2
UKK1390-2C Zur]a_ejlz_izz é’p pl102A: kan' cutl I"-GFP-ura4” ura4 This study | Supplementary Fig.2
UKK1403-2C g ]}:9612114_5_6372}’5 gjé)IA: han” cutl I :GFP:urad” urad- This study | Supplementary Fig.2
UKK707-1A g 1};7611;527217 ;dbf 6A ckan” cutl I":GFP:urad™ urad- This study Supplementary Fig.2
UKK728-6D g 1};7611;527217 ;;ez(? ckan” cutl I":GFP:urad™ urad- This study Supplementary Fig.2
UKK1381-4A g ;;Zjigi@i?: han” cutl I":GFP:urad™ urad- This study | Supplementary Fig.2
UKK1375-1B g ]}:9617;14-5-637;;5:4? ckan” cutl I"-GFP:urad™ urad- This study | Supplementary Fig.2
UKK1414-3B i’; tr1a1e+1é%iﬁgﬁzﬁagﬁgzzr]- 32 adet This study Supplementary Fig.2
UKK1396-3C h’ rael-167 nrplA.: :kan” cutl I'*:GFP:ura4” ura4- This study | Supplementary Fig.2

D18 leul-32 ade6




h rael-167 rnclA::kan” cutl1*:GFP:ura4* ura4-

UKK1626-3A DIS? lewl-32 ade6 This study | Supplementary Fig.2
UKK677-1B g 1};7611;527262222& hanr cutlI”:GFP:urad™ urad- This study Supplementary Fig.2
UKK1410-1B g 1’;7;;522”;561? ckan” cutl I":GFP:urad™ urad- This study Supplementary Fig.2
UKKS592-2D f:l;tr]a]e*]-(];;;i:fﬁ*ZZZ;I-Cg;(SAZeif—g]; This study | Supplementary Fig.2
UKK729-1B g 1};7611;5272’23:? ckan” cut 1" GFP:urad™ urad- This study Supplementary Fig.2
UKK884-2C gur]a_?]g -167 cutl4-208 cutl1*:GFP:ura4* ura4-D18 This study | Supplementary Fig.2
UKK1634-5D g ]}:;?e 56-;]5_73621c;éﬁ6.'.'kan’ cutl I":GFPurad” ura4- This study | Supplementary Fig.2
UKK1402-1D g ]':;fe]’jiz}l;ﬁ?: han' cut 1" GFP:urad™ urad- This study | Supplementary Fig.2
UKKS535-1D g 1};7611;5272(’1555? kan” cutl I":GFP-ura4™ urad- This study Supplementary Fig.2
UKK1661-2D Z:aizel;}gZLfId-’:?]ZA Z;Z;aw cutl I":mCherry:nat This study Supplementary Fig.2
UKK1666-1A Z;ﬂ;fg;; ;eialhjé urad” cutl I :mCherry:nat" This study | Supplementary Fig.2
UKK1601-2D g ];:;?e Zi?;;ki’j; han' cutlI":GFP:urad™ urad- This study | Supplementary Fig.2
UKK1615-1B Z:aj%}éi;‘tg[sgﬁ Z';Zga:;ezml I*:mCherry:nat This study Supplementary Fig.2
UKK1659-2B Z:a:(a-el;}gslz 5;_1?21 21..';2¢ra4* cutlI":mCherry:nat This study Supplementary Fig.2
UKK1585-7D g ]rg %Z‘Z ZlSaIZeAé. ‘urad” cutl I":mChervy:nat” urad- This study | Supplementary Fig.2
UKK1587-1D Z:aj%}éizxgg ;Zéa4+ cutl I":mCherrynat" This study | Supplementary Fig.2
UKK1589-2A Z;;Zil)_[] (g 176;”11{(;? sourad” cutl I":mCherry:natf This study Supplementary Fig.2
UKK1638-4B Z;;Z_eé}{gizzlulg_gi%:ganr cul I":GFP:urad’ This study Supplementary Fig.2
UKK1663-5C Z;,;’Z?g]] (g 175 i’f;? urad” cutl I":-mCherrynat” This study | Supplementary Fig.2
UKK1607-2D Zr;’j(il)_]]; 175 T_IEIZA urad” cutl I":mCherry:nat This study Supplementary Fig.2
UKK1621-1B Z;;Zil)_[] (g l7e§ ;;{c?? sourad” cutl I":mCherry:natf This study Supplementary Fig.2
UKK1683-2D Z;;?_%;éiif f_ 1212421.."9:;4m4* cutl I":mCherrymat" This study | Supplementary Fig.2
UKK1675-1A Z;;Zil)_[] (g ;ei I}{(_;;A sourad” cutl I":mCherry:natf This study Supplementary Fig.2
UKKS526-1D g 1};7611;527;53:? ckan” cutl I": GFP:urad™ urad- This study Supplementary Fig.2
UKK1608-2D g ]rg %Z‘Z ;ty IA:urad” cutlI":mChervy:nat” urad- This study | Supplementary Fig.2
UKK1632-1D Z;,;’Z?g]] (g 176371?;?;;224+ cutlI":mCherrynat" This study | Supplementary Fig.2
UKK1645-3A h’ rael-167 srplA::kan” cutl 1*:GFP:ura4” ura4- This study | Supplementary Fig.2

D18? leul-32 ade6




h’ rael-167 sckiIA::kan” cutl 1*:GFP:ura4" ura4- . .
UKK1482-5D DIS? lewl-32 ade6 This study | Supplementary Fig.2
h* rael-167 sck2A::ura4™ cutl I":mCherry:nat” . .
UKK1653-1C wrad-DI8 leul-32 his2 This study Supplementary Fig.2
h* rael-167 slkIA::ura4™ cutl 1" :mCherry:nat” . .
UKK1660-1C wrad-DI8 leul-32 his2 This study Supplementary Fig.2
h* rael-167 ssp2A::ura4” cutl 1" :mCherry:nat” . .
UKK1574-1A wrad-DI8 lewl-32 his2 ade6 This study | Supplementary Fig.2
hrael-167 ppk2IA::ura4™ cutl 1" :mCherry:nat” . .
UKK1617-2A urad-D18 lewl-32 This study | Supplementary Fig.2
UKK1050-1A | & lem2*:GFP:hph" leul-32 This study | Supplementary Fig. 6a
h? lem2*:GFP:hph” leul-32 :lem2*:GFP:hph”:leul* . .
UKK2018-9C cutl1*:mCherry:nat’ ura4-DI8 ade6 This study Supplementary Fig. 6a
" lem2A::kan” cutl 1" :GFP:ura4* leul- . .
UKK1883-4B 32:Inpl*leul® ura4-DI8 ade6 This study | Supplementary Fig. 7

sadl.1 mutant strain was provided by the National Bio-Resource Project (NBRP), Japan.
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