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Figure S5. Sequence alignment of plastidial Hsp100 chaperones. Alignment was 

performed using Clustal Omega (www.ebi.ac.uk/Tools/msa/clustalo) with protein 

sequences of Arabidopsis thaliana ClpD (At5g51070), ClpC1 (At5g50920), ClpC2 

(At3g48870), and ClpB3 (At5g15450), Bacillus subtilis ClpC (AAA19233), and 

Escherichia coli ClpB (EDV64786). The generated alignment was then edited with 

Bioedit (http://www.mbio.ncsu.edu/bioedit/page2.html). The domain responsible for the 

interaction of E. coli ClpB with Hsp70 is boxed in blue. The tripeptide loop shown to be 

required for interaction with ClpP subunits of the Clp protease complex is boxed in red. 

  

                  10        20        30        40        50        60        70        80        90       100       110       120                     

         ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

AtClpD   ----MEVLSTSSPLTLHSH--------------------------RLLSAS-----------SSSSHVTSI---------AASSLSSFASSYLGISLSNRTIHRFSTTPTNLRRFPQRKR  

BsClpC   ------------------------------------------------------------------------------------------------------------------------  

AtClpC1  MAMATRVLAQSTPPS---------------LACYQR---------NVPSRGSGRSRRSVKMMCSQLQVSGLRMQGFMGLRGNNALDTLGKS--------R--QDFH-SKVRQAMNVPKGK  

AtClpC2  MAWS---IALLTPPFFGPGRHVQAKEYREPRGCVMKMSSLKAPVLRIQATEY-REPRGRVKMMSSLQAPLLTIQSFSGLRAPSALDYLGRP--------S--PGFL-VKYKLAKSSGREK  

AtClpB3  MATATTT---A-------------------TAAFS----------GV----------------VSVGTETRRIYSFSHLQPSAAFPAKPSSFKSLKLKQS--ARLT-RRLDHRPFVVRCE  

EcClpB   ------------------------------------------------------------------------------------------------------------------------  

 

                 130       140       150       160       170       180       190       200       210       220       230       240            

         ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

AtClpD   KKFTPISAVFERFTERAIRAIIFSQKEAKSLGKDMVYTQHLLLGLIAEDRDPQG--FLGSGITIDKAREAVWSIWDEANSDSKQEEASSTSYSKSTDMPFSISTKRVFEAAVEYSRTMDC  

BsClpC   -------MMFGRFTERAQKVLALAQEEALRLGHNNIGTEHILLGLVREGEGIAAKALQALGLGSEKIQKEVESLIGR----------GQEM-SQTIH--YTPRAKKVIELSMDEARKLGH  

AtClpC1  ASRFTVKAMFERFTEKAIKVIMLAQEEARRLGHNFVGTEQILLGLIGEGTGIAAKVLKSMGINLKDARVEVEKIIGR----------GSGFVAVEIP--FTPRAKRVLELSLEEARQLGH  

AtClpC2  ASRCVPKAMFERFTEKAIKVIMLSQEEARRLGHNFVGTEQILLGLIGEGTGIAAKVLKSMGINLKDSRVEVEKIIGR----------GSGFVAVEIP--FTPRAKRVLELSLEEARQLGH  

AtClpB3  ASSSNGRLTQQEFTEMAWQSIVSSPDVAKENKQQIVETEHLMKALLEQKNGLARRIFSKIGVDNTKVLEATEKFIQR----------QPKVYGDAAGSMLGRDLEALFQRARQFKKDLKD  

EcClpB   -------MRLDRLTNKFQLALADAQSLALGHDNQFIEPLHLMSALLNQEGGSVSPLLTSAGINAGQLRTDINQALNR----------LPQVEGTGGDVQPSQDLVRVLNLCDKLAQKRGD  

 

                 250       260       270       280       290       300       310       320       330       340       350       360            

         ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

AtClpD   QYIAPEHIAVGLFTVDDGSAGRVLKRLGANMNLLTAAALTRLKGEIAKDGREPSSSSKGSFESPPSGRIAGSGPGGKKAKNVLEQFCVDLTARASEGLIDPVIGREKEVQRVIQILCRRT  

BsClpC   SYVGTEHILLGLIREGEGVAARVLNNLGVSLNKARQQVLQLLGSNETG------------------SS--AAGTNSNANTPTLDSLARDLTAIAKEDSLDPVIGRSKEIQRVIEVLSRRT  

AtClpC1  NYIGSEHLLLGLLREGEGVAARVLENLGADPSNIRTQVIRMVGENNEV------------------TANVGGGSSS-NKMPTLEEYGTNLTKLAEEGKLDPVVGRQPQIERVVQILGRRT  

AtClpC2  NYIGSEHLLLGLLREGEGVAARVLENLGADPSNIRTQVIRMVGENNEV------------------TASVGGGSSGNSKMPTLEEYGTNLTKLAEEGKLDPVVGRQPQIERVVQILARRT  

AtClpB3  SYVSVEHLVLAFAD-DKRFGKQLFKDFQISERSLKSAIESIRGKQSVI------------------D------QDPEGKYEALEKYGKDLTAMAREGKLDPVIGRDDEIRRCIQILSRRT  

EcClpB   NFISSELFVLAALE-SRGTLADILKAAGATTANITQAIEQMRGGESVN------------------D------QGAEDQRQALKKYTIDLTERAEQGKLDPVIGRDEEIRRTIQVLQRRT  

 

                 370       380       390       400       410       420       430       440       450       460       470       480            

         ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

AtClpD   KNNPILLGEAGVGKTAIAEGLAISIAEASAPGFLLTKRIMSLDIGLLMAGAKERGELEARVTALISEV-KKSGKVILFIDEVHTLIGSGTVGRGNKGSGLDIANLLKPSLGRGELQCIAS  

BsClpC   KNNPVLIGEPGVGKTAIAEGLAQQIINNEVPEILRDKRVMTLDMGTVVAGTKYRGEFEDRLKKVMDEI-RQAGNIILFIDELHTLIGAGGA-----EGAIDASNILKPSLARGELQCIGA  

AtClpC1  KNNPCLIGEPGVGKTAIAEGLAQRIASGDVPETIEGKKVITLDMGLLVAGTKYRGEFEERLKKLMEEI-RQSDEIILFIDEVHTLIGAGAA-----EGAIDAANILKPALARGELQCIGA  

AtClpC2  KNNPCLIGEPGVGKTAIAEGLAQRIASGDVPETIEGKTVITLDMGLLVAGTKYRGEFEERLKKLMEEI-RQSDEIILFIDEVHTLIGAGAA-----EGAIDAANILKPALARGELQCIGA  

AtClpB3  KNNPVLIGEPGVGKTAISEGLAQRIVQGDVPQALMNRKLISLDMGALIAGAKYRGEFEDRLKAVLKEVTDSEGQIILFIDEIHTVVGAGAT-----NGAMDAGNLLKPMLGRGELRCIGA  

EcClpB   KNNPVLIGEPGVGKTAIVEGLAQRIINGEVPEGLKGRRVLALDMGALVAGAKYRGEFEERLKGVLNDLAKQEGNVILFIDELHTMVGAGKA-----DGAMDAGNMLKPALARGELHCVGA  

 

                 490       500       510       520       530       540       550       560       570       580       590       600            

         ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

AtClpD   TTLDEFRSQFEKDKALARRFQPVLINEPSEEDAVKILLGLREKYEAHHNCKYTMEAIDAAVYLSSRYIADRFLPDKAIDLIDEAGSRARIEAFRKKKEDA-----ICILSKPPND-----  

BsClpC   TTLDEYRKYIEKDAALERRFQPIQVDQPSVDESIQILQGLRDRYEAHHRVSITDDAIEAAVKLSDRYISDRFLPDKAIDLIDEAGSKVRLRSFTTPPNLKELEQKLDEVRKEKDAAVQSQ  

AtClpC1  TTLDEYRKHIEKDPALERRFQPVKVPEPTVDETIQILKGLRERYEIHHKLRYTDESLVAAAQLSYQYISDRFLPDKAIDLIDEAGSRVRLRHAQVPEEARELEKELRQITKEKNEAVRGQ  

AtClpC2  TTIDEYRKHIEKDPALERRFQPVKVPEPTVEEAIQILQGLRERYEIHHKLRYTDEALVAAAQLSHQYISDRFLPDKAIDLIDEAGSRVRLRHAQLPEEARELEKQLRQITKEKNEAVRSQ  

AtClpB3  TTLDEYRKYIEKDPALERRFQQVYVDQPTVEDTISILRGLRERYELHHGVRISDSALVEAAILSDRYISGRFLPDKAIDLVDEAAAKLKMEITSKPTALDELDRSVIKLEMERLSLTNDT  

EcClpB   TTLDEYRQYIEKDAALERRFQKVFVAEPSVEDTIAILRGLKERYELHHHVQITDPAIVAAATLSHRYIADRQLPDKAIDLIDEAASSIRMQIDSKPEELDRLDRRIIQLKLEQQALMKES  

 

                 610       620       630       640       650       660       670       680       690       700       710       720            

         ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

AtClpD   ---------------------------YWQEIKTVQAM----H----EVVLSSRQKQDDGDAIS---DESGE-------LV-----EESSLPPAAGDDEPILVGPDDIAAVASVWSGIPV  

BsClpC   E---------------------------FEKAASLRDTEQRLREQVEDTKKS------------------------WK--------------E-KQGQENSEVTVDDIAMVVSSWTGVPV  

AtClpC1  D---------------------------FEKAGTLRDREIELRAEVSAIQAK------------------------GKEMSKAE--------S-ETGEEGPMVTESDIQHIVSSWTGIPV  

AtClpC2  D---------------------------FEMAGSHRDREIELKAEIANVLSR------------------------GKEVAKAE--------N-EAEEGGPTVTESDIQHIVATWTGIPV  

AtClpB3  DKASRERLNRIETELVLLKEKQAELTEQWEHERSVMSRLQSIKEEIDRVNLEIQQAEREYDLNRAAELKYGSLNSLQRQLNEAEKELNEYLSS-GKSMFREEVLGSDIAEIVSKWTGIPV  

EcClpB   DEASKKRLDMLNEELSDKERQYSELEEEWKAEKASLSGTQTIKAELEQAKIAIEQARRVGDLARMSELQYGKIPELEKQLEAATQLE----GK-TMRLLRNKVTDAEIAEVLARWTGIPV  

 

                 730       740       750       760       770       780       790       800       810       820       830       840            

         ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

AtClpD   QQITADERMLLMSLEDQLRGRVVGQDEAVAAISRAVKRSRVGLKDPDRPIAAMLFCGPTGVGKTELTKALAANYFGSEESMLRLDMSEYMERHTVSKLIGSPPGYVGFEEGGMLTEAIRR  

BsClpC   SKIAQTETDKLLNMENILHSRVIGQDEAVVAVAKAVRRARAGLKDPKRPIGSFIFLGPTGVGKTELARALAESIFGDEESMIRIDMSEYMEKHSTSRLVGSPPGYVGYDEGGQLTEKVRR  

AtClpC1  EKVSTDESDRLLKMEETLHKRIIGQDEAVKAISRAIRRARVGLKNPNRPIASFIFSGPTGVGKSELAKALAAYYFGSEEAMIRLDMSEFMERHTVSKLIGSPPGYVGYTEGGQLTEAVRR  

AtClpC2  EKVSSDESSRLLQMEQTLHTRVIGQDEAVKAISRAIRRARVGLKNPNRPIASFIFSGPTGVGKSELAKALAAYYFGSEEAMIRLDMSEFMERHTVSKLIGSPPGYVGYTEGGQLTEAVRR  

AtClpB3  SKLQQSERDKLLHLEEELHKRVVGQNPAVTAVAEAIQRSRAGLSDPGRPIASFMFMGPTGVGKTELAKALASYMFNTEEALVRIDMSEYMEKHAVSRLIGAPPGYVGYEEGGQLTETVRR  

EcClpB   SRMMESEREKLLRMEQELHHRVIGQNEAVDAVSNAIRRSRAGLADPNRPIGSFLFLGPTGVGKTELCKALANFMFDSDEAMVRIDMSEFMEKHSVSRLVGAPPGYVGYEEGGYLTEAVRR  

 

                 850       860       870       880       890       900       910       920       930       940       950       960            

         ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

AtClpD   RPFTVVLFDEIEKAHPDIFNILLQLFEDGHLTDSQGRRVSFKNALIIMTSNVGSLAIAKGRHGSIGFILDDDEEAASYTGMKALVVEELKNYFRPELLNRIDEIVIFRQLEKAQMMEILN  

BsClpC   KPYSVVLLDEIEKAHPDVFNILLQVLEDGRLTDSKGRTVDFRNTILIMTSNVGASELKR-N-KYVGFNVQDET--QNHKDMKDKVMGELKRAFRPEFINRIDEIIVFHSLEKKHLTEIVS  

AtClpC1  RPYTVVLFDEIEKAHPDVFNMMLQILEDGRLTDSKGRTVDFKNTLLIMTSNVGSSVIEKGG-RRIGFDLDYDEKDSSYNRIKSLVTEELKQYFRPEFLNRLDEMIVFRQLTKLEVKEIAD  

AtClpC2  RPYTLVLFDEIEKAHPDVFNMMLQILEDGRLTDSKGRTVDFKNTLLIMTSNVGSSVIEKGG-RRIGFDLDHDEKDSSYNRIKSLVTEELKQYFRPEFLNRLDEMIVFRQLTKLEVKEIAD  

AtClpB3  RPYSVILFDEIEKAHGDVFNVFLQILDDGRVTDSQGRTVSFTNTVIIMTSNVGSQFILN--------NTDDDANELSYETIKERVMNAARSIFRPEFMNRVDEYIVFKPLDREQINRIVR  

EcClpB   RPYSVILLDEVEKAHPDVFNILLQVLDDGRLTDGQGRTVDFRNTVVIMTSNLGSDLIQE------------RFGELDYAHMKELVLGVVSHNFRPEFINRIDEVVVFHPLGEQHIASIAQ  

 

                 970       980       990       1000      1010      1020      1030      1040      1050      1060               

         ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|.... 

AtClpD   LMLQDLKSRLVALGVGLEVSEPVKELICKQGYDPAYGARPLRRTVTEIVEDPLSEAFLAGSFKPGDTAFVVLDDTGNPSVRTKPDSSTIRVTDKTSIA-----------  

BsClpC   LMSDQLTKRLKEQDLSIELTDAAKAKVAEEGVDLEYGARPLRRAIQKHVEDRLSEELLRGNIHKGQHIVLDVEDGEFVVKTTAKTN-----------------------  

AtClpC1  ILLKEVFERLKKKEIELQVTERFKERVVDEGYNPSYGARPLRRAIMRLLEDSMAEKMLAREIKEGDSVIVDVDAEGNVTVLNGGSGTPTTSLEE--Q-----EDSLPVA  

AtClpC2  IMLKEVVARLEVKEIELQVTERFKERVVDEGFDPSYGARPLRRAIMRLLEDSMAEKMLSRDIKEGDSVIVDVDAEGSVVVLSGTTGRVGGFAAEEAM-----EDPIPIL  

AtClpB3  LQLARVQKRIADRKMKINITDAAVDLLGSLGYDPNYGARPVKRVIQQNIENELAKGILRGDFKEEDGILIDTEVTAFSNGQLPQQKLTFKKIESETADAEQEEAAFSK-  

EcClpB   IQLKRLYKRLEERGYEIHISDEALKLLSENGYDPVYGARPLKRAIQQQIENPLAQQILSGELVPGKVIRLEVNEDRIVAVQ----------------------------  

 

 

 

 

Supplemental Figure 2. Position of the proposed ClpP interaction loop. 
The proposed ClpP interaction loop is present in bacterial ClpX, ClpA and ClpC but is absent in ClpB

1, 2
. Similarly, Arabidopsis  ClpC-like isoforms 

ClpC1, ClpC2 and ClpD have the motif that is absent in ClpB3. Sequence alignment of full-length Hsp100 using Clustal Omega 
(www.ebi.ac.uk/Tools/msa/clustalo) and the Bioedit editor. Identical The tripeptide-loop shown to be key for interaction with ClpP is boxed. 
Accession numbers are as follows: Arabidopsisthaliana AtClpD, At5g51070; Bacillus subtilis BsClpC, AAA19233; Arabidopsis thaliana AtClpC1, 
At5g50920; Arabidopsis thaliana AtClpC2, At3g48870; Arabidopsis thaliana AtClpB3, At5g15450; Escherichia coli EcClpB, EDV64786. 
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