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Supplementary Figure S1: Related to Figure 1

(A) WT MEFs, Drp1-KO MEFs, Drp1-KO MEFs treated with TAT-D-octadecapeptide, and Drp1-KO
MEFs carrying Drp1G-S, all of which expressed GFP-Sec61pB, were fixed and immunostained with
anti-GFP antibodies. Structured illumination microscopy was used to view the ER.

(B and C) GFP-Cyb5 shows decreased levels of ER tubules in Drp1-KO MEFs. (B) WT and Drp1-KO
MEFs were transfected with an ER marker (GFP-Cyb5) and subjected to immunofluorescence
microscopy with anti-GFP antibodies. (C) Quantification of ER morphology. Bars are average =
SD (n = 3 experiments).

(D and E) Levels of ER tubules are decreased in Drp1-KO mouse primary hepatocytes. (D) WT
and Drp1-KO hepatocytes were transfected with GFP-Sec61p and subjected to
immunofluorescence microscopy with antibodies to GFP and PDH. (E) Quantification of the
morphology of ER (green, n= 3) and mitochondria (red, n = 3).

(F and G) Electron microscopy of ER sheets in WT and Drp1-KO hepatocyte. (G) Quantification of
the luminal width of ER sheets. Bars are the average = SD (n = 20).

Statistical analysis was performed using Student’s t-test (C, E and G): ***p<0.001.
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Supplementary Figure S2: Related to Figure 5.

(A and B) Expression levels of WT and mutant Drp1 constructs. (A) Drp1-KO MEFs were transduced
with the indicated Drp1 constructs and analyzed with Western blotting with antibodies to Drp1,
GAPDH, and Tom20 in (A) and HA, GAPDH, and Tom20 in (B).

(C and D) Mitochondrial morphology of Drp1-KO MEFs expressing WT, mutant, and truncated Drp1.
(C) Drp1-KO MEFs carrying GFP-Sec61B along with different Drp1 constructs were subjected to
immunofluorescence confocal microscopy with antibodies to GFP and Tom20. The same set of
MEFs was analyzed in this figure and Fig. 3B, in which only the GFP-Sec61f signal is presented. (D)
Drp1-KO MEFs expressing the truncations of the variable domain were subjected to
immunofluorescence confocal microscopy with antibodies to GFP and PDH. The same set of MEFs
was analyzed in this figure and Fig. 3E, in which only the GFP-Sec61p signal is presented.
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Consensus (50%) -=--MEALIPVINKLQD-VFNTVGA--DIIQLPQIVVVGTQSSGKSSVLESLVGRDLLPRGTGIVTRRPLILQLVHVS--~ ED-RKT-GEEN--
10 20 30 40 50 60 70 80 90 100
Human ---MEALIPVINKLQD-VFNTVGA--DIIQLPQIVVVGTQSSGKSSVLESLVGRDLLPRGTGIVTRRPLILQLVHVSQ- EDKRKTTGEEN - - -

-GVEAEEWGKFLHTKNK-YTDFDEIRQEIENETE
120 130 140 150
-GVEAEEWGKFLHTKNKLYTDFDEIRQEIENETE 116

Macaque ---MEALIPVINKLQD-VFNTVGA--DIIQLPQIVVVGTQSSGKSSVLESLVGRDLLPRGTGIVTRRPLILQLVHVSQ- == EDKRKTTGEEN - - - -GVEAEEWGKFLHTKNKLYTDFDEIRQEIENETE 116
Mouse ---MEALIPVINKLQD-VFNTVGA--DIIQLPQIVVVGTQSSGKSSVLESLVGRDLLPRGTGVVTRRPLILQLVHVSP-- - EDKRKTTGEEN - - - -GVEAEEWGKFLHTKNKLYTDFDEIRQEIENETE 116
Rat ---MEALIPVINKLQD-VFNTVGA--DIIQLPQIVVVGTQSSGKSSVLESLVGRDLLPRGTGVVTRRPLILQLVHVSP-- -- EDKRKTTGEENDPATWKNSRHLSKGVEAEEWGKFLHTKNKLVTDFDEIRQEIENETE 129
Zebrafish ---MEALIPVINKLQD-VFNTVGA--DIIQLPQIAVVGTQSSGKSSVLESLVGRDLLPRGTGIVTRRPLILQLVHVDP-- - EDRRKTS-EEN- - - = -GVDGEEWGKFLHTKNKIYTDFDEIRQEIENETE 115
Fruit fly ---MEALIPVINKLQD-VFNTVGS--DSIQLPQIVVLGSQSSGKSSVIESVVGRSFLPRGTGIVTRRPLVLQLIYSPL- - DDRENRSAENGTS - - ---NAEEWGRFLHTK-KCFTDFDEIRKEIENETE 115
Nematode -=--MENLIPVVNKLQD-VFATLGRKEDQIQLPQIVVVGSQSAGKSSVLENLVGRDFLPRGTGIVTRRPLILQLNHVAL- - DDESKRRRSNGTL - ---LTDDWAMFEHTGSKVFTDFDAVRKEIEDETD, 118
Budding yeast MASLEDLIPTVNKLQD- VMVDSGI—»DTLDLPILAVVGSQSSGKSSILETLVGRDFLPRGTGIVTRRPLVLQLNNISPNSPLIEEDDNSVNPHDEVTKISGFEAGTKPLEYRGKER--NHADENGEFLHIPGKRFYDFDDIKREIENETA 145
Fission yeast -=--MEQLIPLVNQLQDLVYNTIGS--DFLDLPSIVVVGSOSCGKSSVLENIVGKDFLPRGTGIVTRRPLILOLINLKRKTKNNHDEESTSDNNSEETSAAGETGSLEGIEEDSD -~~~ - EIEDYAEFLHIPDTKFTDMNKVRAEIENETL' 140

Consensus (50%) RISGNNKGISPEPIHLKIFSP-VVNLTLVDLPG-TKVPVGDQPKDIELQIRELIL-YISNPNSIILAVTAANTDMATSEALK-AREVDPDGRRTLAVITKLDLMDAGTDAMDVLMGRVIPVKLGIIGVVNRSQLDINNKKSV-DSIRDE-

160 170 180 190 200 210 220 230 240 250 260 270 280 290 300
Human RISGNNKGVSPEPIHLKIFSPNVVNLTLVDLPGMTKVPVGDQPKDIELQIRELILRFISNPNSIILAVTAANTDMATSEALKISREVDPDGRRTLAVITKLDLMDAGTDAMDVLMGRVIPVKLGIIGVVNRSQLDINNKKSVTDSIRDEY 266
Macaque RISGNNKGVSPEPIHLKIFSPNVVNLTLVDLPGMTKVPVGDQPKDIELQIRELILRFISNPNSIILAVTAANTDMATSEALKISREVDPDGRRTLAVITKLDLMDAGTDAMDVLMGRVIPVKLGIIGVVNRSQLDINNKKSVTDSIRDEY 266
Mouse RISGNNKGVSPEPIHLKVFSPNVVNLTLVDLPGMTKVPVGDQPKDIELQIRELILRFISNPNSIILAVTAANTDMATSEALKISREVDPDGRRTLAVITKLDLMDAGTDAMDVLMGRVIPVKLGIIGVVNRSQLDINNKKSVTDSIRDEY 266
Rat RISGNNKGVSPEPIHLKVFSPNVVNLTLVDLPGMTKVPVGDQPKDIELQIRELILRFISNPNSIILAVTAANTDMATSEALKISREVDPDGRRTLAVITKLDLMDAGTDAMDVLMGRVIPVKLGIIGVVNRSQLDINNKKSVTDSIRDEY 279
Zebrafish RVSGNNKGISDEPIHLKIFSPHVVNLTLVDLPGITKVPVGDQPKDIELQIRELILKYISNPNSIILAVTAANTDMATSEALKVAREVDPDGRRTLAVVTKLDLMDAGTDAMDVLMGRVIPVKLGLIGVVNRSQLDINNKKSVADSIRDEH 265
Fruit fly RAAGSNKGICPEPINLKIFSTHVVNLTLVDLPGITKVPVGDQPEDIEAQIKELVLKYIENPNSIILAVTAANTDMATSEALKLAKDVDPDGRRTLAVVTKLDLMDAGTDAIDILCGRVIPVKLGIIGVMNRSQKDIMDQKHIDDQMKDEA 265
Nematode RVTGVNKGISLLPISLKIYSHRVVSLSLVDLPGITKIPVGDQPVNIEEQIREMILLYISNPSSIILAVTPANQDFATSEPIKLAREVDAGGQRTLAVLTKLDLMDQGTDAMDVLMGKVIPVKLGIIGVVNRSQQNILDNKLIVDAVKDEQ) 268
Budding yeast RIAGKDKGISKIPINLKVFSPHVLNLTLVDLPGITKVPIGEQPPDIEKQIKNLILDYIATPNCLILAVSPANVDLVNSESLKLAREVDPQGKRTIGVITKLDLMDSGTNALDILSGKMYPLKLGFVGVVNRSQQDIQLNKTVEESLDKEE| 295
Fission yeast RVAGANKGINKLPINLKIYSTRVLNLTLIDLPGLTKIPVGDOPTDIEAQTRSLIMEYISRPNSIILAVSPANFDIVNSEGLKLARSVDPKGKRTIGVLTKLDLMDOGTNAMDILSGRVYPLKLGFVATVNRSOSDIVSHKSMRDALOSER) 290
Consensus (50%) AFLQKK--YPSLANRNGTKYLARTLNRLLMHHIRDCLPELKTRINVLAAQYQSLLNSYG----EPV-DKSATLLQLITKFATEYCNTIEGTAKYIET-ELCGGARICYIFHETFGRTLESVDPLGGL-TIDILTAIRNATGPRPALFVPE

310 320 330 340 350 360 370 380 390 400 410 420 430 440 450
Human AFLQKK--YPSLANRNGTKYLARTLNRLLMHHIRDCLFPELKTRINVLAAQYQSLLNSYG -EPVDDKSATLLQLITKFATEYCNTIEGTAKYIETSELCGGARICYIFHETFGRTLESVDPLGGLNTIDILTAIRNATGPRPALFVPE 410
Macaque AFLQKK--YPSLANRNGTKYLARTLNRLLMHHIRDCLFELKTRINVLAAQYQSLLNSYG -EPVDDKSATLLQLITKFATEYCNTIEGTAKYIETSELCGGARICYIFHETFGRTLESVDPLGGLNTIDILTAIRNATGPRPALFVPE 410
Mouse AFLQKK--YPSLANRNGTKYLARTLNRLLMHHIRDCLFELKTRINVLAAQYQSLLNSYG -EPVDDKSATLLQLITKFATEYCNTIEGTAKYIETSELCGGARICYIFHETFGRTLESVDPLGGLNTIDILTAIRNATGPRPALFVPE 410
Rat AFLQKK--YPSLANRNGTKYLARTLNRLLMHHIRDCLFELKTRINVLAAQYQSLLNSYG -EPVDDKSATLLQLITKFATEYCNTIEGTAKYIETSELCGGARICYIFHETFGRTLESVDPLGGLNTIDILTAIRNATGPRPALFVPE 423
Zebrafish GFLQKK--YPSLANRNGTKYLARTLNRLLMHHIRDCLFELKTRINVLSAQYQSLLSSYG -EPVEDMSATLLQLITKFATEYCNTIEGTAKYIETAELCGGARICYIFHETFGRTLESVDPLGGLTTIDVLTAIRNATGPRPALFVPE 409
Fruit fly AFLQRK--YPTLATRNGTPYLAKTLNRLLMHHIRDCLFDLKTRVNIMATQFQSLLNSYG -EDVSDKSQTLLQIITKFSSAYCCTIEGTARNIETTELCGGARMGYIFHETFGRTLDSIHPLAGLSKMDILTAIRNATGPRPALFVPE 409

Nematode SFMQKK--YPTLASRNGTPYLAKRLNMLLMHHIRNCLFALKARVSIMNAQCQSDLVAFG -EPVEDKNRTLLQIITRFATAYTSTIEGTARNIETTELCGGARICYIFHDTFGRSLESVNPLENLTQLDILTAIRNATGPRPALFVPE 412
Budding yeast DYFRKHPVYRTISTKCGTRYLAKLLNQTLLSHIRDKLFDIKTKLNTLISQTEQELARYGGVGATTNESRASLVLQLMNKFSTNFISSIDGTSSDINTKELCGGARIYYIYNNVFGNSLKSIDPTSNLSVLDVRTAIRNSTGPRPTLFVPE 445
Fission yeast SFFEHHPAYRTIKDRCGTPYLAKTLSNLLVSHIRERLFDIKARLSTLISQTQQQLNNYGDFKLSDQSQRGIILLQAMNRFANTFIASIDGNSSNIPTKELSGGARLYSIFNNVFTTALNSIDPLQNLSTVDIRTAILNSTGSRATLFLSE 440
Consensus(so%)VSFELLVKRQIKRLEEFSLRCVELVHEEMQRIIQHCSHYSTQELLRFPKLHDAIVEVVT-LLRKRLPVTNEMVHNLVAIELAYINTKHPDFADACGLHNN ------------ NIEEQRRNRL-R----ELP---SRDKVAS-G----G--

460 470 480 4s0 500 510 520 530 540 550 570 580 590 600
Human VSFELLVKRQIKRLEEPSLRCVELVHEEMQRIIQHCSNYSTQELLRFPKLHDAIVEVVTCLLRKRLPVTNEMVHNLVAIELAYINTKHPDFHADACGLMNN - -NIEEQRRNRLAR -ELPSAVSRDKVASGG - - - -GGV| 540
Macaque VSFELLVKRQIKRLEEPSLRCVELVHEEMQRIIQHCSNYSTQELLRFPKLHDAIVEVVTCLLRKRLPVTNEMVHNLVAIELAYINTKHPDFADACGLMNN - -NIEEQRRNRLAR -ELPSAVSRDKVASGG- - - -GGV| 540
Mouse VSFELLVKRQIKRLEEPSLRCVELVHEEMQRIIQHCSNYSTQELLRFPKLHDAIVEVVTCLLRKRLPVTNEMVHNLVAIELAYINTKHPDFADACGLMNN - -NIEEQRRNRLAR -ELPSAGSRDKVPSAG----GGI| 540
Rat ) VSFELLVKRQIKRLEEPSLRCVELVHEEMQRIIQHCSNYSTQELLRFPKLHDAIVEVVTCLLRKRLPVTNEMVHNLVAIELAYINTKHPDFADACGLMNN - -NIEEQRRNRLAR -ELPSAVSRDKVASAG----GGI| 553
ZebmﬁSh VSFELLVKRQVKRLEEPSLRCVELVHEEMQRIIQHCSNYSTQELLRFPKLHDAIVEVVTSLLRKRLPVTNEMVHNLVAIELAYINTKHPDFADACGLMNN - IEEQRRNRM-R -ELPTSVPRDKMA
Fruit fly VSFELLVKRQIRRLEEPSLRCVELIHEEMQRIVQHCGNEVQQEMLRFPKLHEKIVDVVTQLLRRRLPHTNVMVENIVAIELAYINTKHPDFHKDAALVPSLLKTDSDPYSQINLGQRRANTPRN -HMSPQIS----SHSA----GS-| 546
Nemamde VSFELLVKRQIQRLEEPSLRCVELVHEEMQRMVQHCGFTTQQEMIRFPRLYDKINEVVSGVLKERLKPTNELVENLVAIELAYINTKHPERTEA == ~NLVTLLKEELLL -DDRHGRSRNRHASTGERAVSAH| 540
Bvddmgyeaﬁ LAFDLLVKPQIKLLLEPSQRCVELVYEELMKICHKCG SAELARYPKLKSMLIEVISELLRERLQPTRSYVESLIDIHRAYINTNHPNFLSATEAMDDI = - -MKTRRKRNQEL -LKSKLSQQENGQTNGINGTSSI| 576
Fission yeast MAFDILVKPQLNLLAAPCHQCVELVYEELMKICHYSG---DSDISHFPKLQTALVETVSDLLRENLTPTYSFVESLIAIQSAYINTNHPDRLGVOGAMAVY - == ==LSRKEONRIMLSOENDEPISSALDTIVKPDGIELYSSD) 575

Consensus (50%) - ~EEKSKP---=-----PI--------PASPQKGHA-------cccucumooma VN m oo LL-DVPVPV-A-RKLSAREQRDCEVIERLIKSYFLIVRKNIQDSVPKAVMH
660 670 700 710 720 730 740 750

Human G ---PASPQKGHA - LL-DVPVPV-A-RKLSAREQRDCEVIERLIKSYFLIVRKNIQDSVPKAVMH 635
Macaque -PASPQKGHA LL-DVPVPV-A-RKLSAREQRDCEVIERLIKSYFLIVRKNIQDSVPKAVMH 635
Mouse -PASPQKGHA LL-DVPVPV-A-RKLSAREQRDCEVIERLIKSYFLIVRKNIQDSVPKAVMH 635
Rat LL-DVPVPV-A-RKLSAREQRDCEVIERLIKSYFLIVRKNIQDSVPKAVMH 654
Zebmﬂsh LQ- Q -- v LL-DVPVPV-A-RKLSAREQRDCEVIERLIKSYFLIVRKNIQDSVPKAVMH 627
Fruitfly ... QQFQQQQPPQP---»NSSQQQYSQVHEQNHVAENSTPSMASTWLSNIL-- »»-PPAPTRPDSIENSTNNTPVHNNIVSPVKPVN LLPDVPANHNP-RRLTIDKEQKDCDVIEHLIKSYFYIVRKSIQDSVPKAIMH 671
Nematode “EQQLQPVPGVNGVDLNAVLQ-QQQQQSQNQRASNGFL - - - - -GLFGNAAASSKTSPQEKQS - - = = = = = = = === = = = = = = FLPEVPETQLG-RKLTSREQRDVAIIERLIRNYFIIVRKNIQDSVPKAIMA 648
Budding yeast DQDSAKNSDYDDDGIDAESK- QTKDKFLNYFFGKDKKGQ- ASDKKRSIAGDGNIEDFRNLQISDFS--- LGDIDDLENAEPPLTEREELECELIKRLIVSYFDIIREMIEDQVPKAVMC 698
Fission yeast EREEVEVDLIKELITSYFNLTRKIIIDQVPKVIMH 722

Consensus (50%) FLVNHVKD - LQSELVGQLYKS-LLDDLLTESEDMAQRRKEAADMLKALQ-ASQIIAEIRETHLW

760 770 780 790 800 810 GTPase
Human FLVNHVKDTLQSELVGQLYKSSLLDDLLTESEDMAQRRKEAADMLKALQGASQITAEIRETHLW 699

Macaque FLVNHVKDTLQSELVGQLYKSSLLDDLLTESEDMAQRRKEAADMLKALQGASQIIAEIRETHLW 699

Mouse FLVNHVKDTLQSELVGQLYKSSLLDDLLTESEDMAQRRKEAADMLKALQGASQIIAEIRETHLW 699 .

Rat ELVNHVKDTLQSELVGQLYKSSLLDDLLTESEDMAQRRKEAADMLKALQGASQIIAEIRETHLW 718 Variable
Zebrafish FLVNHVKDSLQSELVGQLYKPALLDDLLTESEDMAQRRNEAADMLKALQKASQVIAEIRETHLW 691

Fruit fly FLVNYVKDNLQSELVTHLYKSDKAETLLNESDHIAVRRKEAADMLKALTRANHIISEIRETHMW 735

Nematode LLVNFVRDNLQSELVRQLYKPDEMDDLLAETEDMAQRRRDTLETMKALQQASVIISEVRETQVW 712 .
Budding yeast ~ LLVNYCKDSVQNRLVTKLYKETLFEELLVEDQTLAQDRELCVKSLGVYKKAATLISNIL----- 757 Octadecapeptlde
Fission yeast LLVNASKDAIQNRLVSKLYREDFFDTLLIEDENVKSEREKCERLLSVYNQANKIISTVF - -~~~ 781
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Supplementary Figure S3: Related to Figure 5

Analysis of amino acid sequences of Drpl and D-octadecapeptide. (A) Drp1 proteins in the
indicated species are aligned. Identical residues are highlighted in blue. The GTPase domain is
boxed in yellow. The variable domain is boxed in green. The octadecapeptide sequence (554-
571) is boxed in red. (B) The amino acid sequence of D-octadecapeptide was analyzed with
HliQuest (http://heliquest.ipmc.cnrs.fr/cgi-bin/ComputParamsV2.py).
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Supplementary Figure S4: Related to Figures 6 and 7.

(A) Liposome tubulation by truncated D-octadecapeptide. Liposomes that mimic the
ER membrane carrying saturated PA were incubated with no peptide, full length D-
octadecapeptidesss.s71, or two truncated peptides (peptidesss ses and peptidesg.s71).
Liposomes were analyzed by negative-stain EM.

(B) WT MEFs were incubated with TAT-octadecapeptide and subjected to
immunofluorescence microscopy using antibodies to Pex14 and PDH. Boxed areas are
enlarged. (C) Quantification of the length of peroxisomes and mitochondria. Bars are
the average * SD (n = 3 experiments, each involving 50 peroxisomes and 50
mitochondria). Statistical analysis was performed using a student’s t-test: **p<0.01.
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Supplementary Figure S5, Related to Figure 7. (A) Drp1-KO MEFs carrying WT Drpl or
Drpl1A557-569, along with GFP-Sec61f3, were treated with 10 uM FCCP for 30 min.
Cells were then subjected to immunofluorescence microscopy using antibodies to
PDH and GFP. Arrows (1) indicate ER-mitochondria crossing, while arrows (2) indicate
mitochondria located next to the ER. (B and C) Quantification of ER morphology and
mitochondrial length. Bars are the average = SD (n = 3). (D) The frequency of ER-
mitochondria crossing when the ER and mitochondria are closely located. Bars are
the average + SD (n = 3 experiments). Statistical analysis was performed using a
student’s t-test in (B and D) and a one-way ANOVA with post-hoc Tukey test in (D):
**p<0.001.
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Supplementary Figure S6: Related to Figure 7.

WT and Mff/Fis1-KO MEFs were transduced with lentiviruses carrying HA-Drp1 or HA-
Drp1A557-569 and subjected to immunofluorescence microscopy using antibodies to
HA, Mff, and PDH. Boxed areas are enlarged.
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Supplementary Figure S7, Related to Figure 7. (A) Drp1-KO MEFs were cultured in
the presence or absence of TAT-D-octadecapeptide for 24 h. The ER and mitochondria
were visualized by GFP-Sec61 and anti-PDH antibodies. Arrows indicate ER-
mitochondria intersections (B) The frequency of mitochondrial constriction at
mitochondria-ER intersections was determined. Bars are average + SD (n = 3
experiments). In each experiment, 25 mitochondria were analyzed. Statistical analysis
was performed using Student’s t-test: ***p<0.001.



