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cOA5,[M+2H+]2+

exptl. 823.6253, 

calc. 823.6385,

mass error  -15.9 ppm

cOA5, [M+Na++H+]2+

exptl. 834.615,

calc 834.6294

mass error  -17.3 ppm

cOA5, [M+K++H+]2+

exptl. 842.5987,

calc. 842.6164

mass error  21.0 ppm

cOA6,[M+2H+]2+

exptl. 988.1501, 

calc. 988.1647,

mass error -14.7 ppm

cOA6, [M+Na++H+]2+

exptl. 999.1356,

calc 999.1557

mass error -21.0 ppm

cOA5, [M+K++H+]2+

exptl. 1007.1251,

calc. 1007.1426

mass error  -17.4 ppm

+ESI Scan (0.2027-0.7110 min, 62 scans) Frag =150.0 V 
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StCsm-RNA-ATP complex (PDBid: 6IG0) StCsm-RNA (PDBid:6IFY)LlCsm-RNA (this study)

3’ PFS 3’ PFS
no 3’ PFS

ATP



(0.62)

(0.68)

(0.63)

(0.40)

apo

Csm1.HD Csm1.Palm

Csm4

Csm3

Csm5low Q

high Q

Csm5

Csm3

Csm4

Csm2/3

Csm1.HD Csm1.Palm

low Q

high Q

Csm5

Csm3

Csm4

Csm2/3

Csm1.HD Csm1.Palm

low Q

high Q

Csm5

Csm3

Csm4

Csm2/3

Csm1.D4

Csm1.D4 Csm1.D4 Csm1.D4

Csm1.HD Csm1.Palm

high B

low B

HD
(132Å2)

CTR_43

(0.51) (0.60)

(0.63) (0.65)

(0.65)

(0.59)

(0.67)

(0.62)

(0.55) (0.49)

NTRCTR_43

apoapo

Csm1.D4

Csm1.HD Csm1.Palm

Csm4

Csm5

Csm3

high B

low B

HD
(56Å2)

NTR NTR

high B

low B

HD
(58Å2)

Csm5

Csm3

Csm4

Csm2/3

Csm1.D4

Csm1.HD Csm1.Palm

C
T

R

+
H

D
-

H
D

A
po

N
T

R

2.4% 8.6%19.4% 6.5% 8.6% 5.3% 7.5%

0.04% 7.8%4.9%24.3%

8.6%0.06% 22.0% 4.1%

31.2% 7.0%8.2%

7.4% 15.0%10.4% 7.0% 14.5%18.0%0.03%

0.0% 0.0% 0.0%

47
 %

48
 %

+
H

D
10

0 
%

+
H

D
82

 %





NTR (light) CTR (heavy)

CTR (light) NTR (heavy) 36GINHKPFVNSKGGEQK (Csm2)
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5’aaauacaaccgcuccucgauaaaaggggacgagaac 3’ 

5’AUACGUUCUUUGAACCAAGCUUCAACUCC 3’ 

5’GCCGGCCAUGGUCCCAGCCUCCUCGCUGGCGGCCGGUGGGCAACAUUC

CGAGGGGACCGUCCCCUCGGUAAUGGCGAAUGGGAC 3’ 

5’acgagaacAUACGUUCUUUGAACCAAGCUUCAACUCC 3’ 

5’acgagaacAUACGUUCUUUGAACCAAGCUUCAACUCCGCCGGC 3’ 

3’ugcucuugUAUGCAAGAAACUUGGUUCGAAGUUGAGG 5’ 

3’acgagaacUAUGCAAGAAACUUGGUUCGAAGUUGAGG 5’ 

3’UAUGCAAGAAACUUGGUUCGAAGUUGAGG 5’ 

3’GGAGUUGAAGCUUGGUUCAAAGAACGUAU 5’ 

3’acgagaacUAUGCAAGAAACUUGGUTCGAAGTUGAGG 5’ 

3’AAAAAAugcucuugUAUGCAAGAAACUUGGUUCGAAGUUGAGGAA 5’ 

3’AAAAAAacgagaacUAUGCAAGAAACUUGGUUCGAAGUUGAGGAA 5’ 

5’/5Alex594N/TTATTATT/3lAbRQSp/3’ 

5’/56-FAM/rArArArArA/3lABkFQ/3’ 

5’/5Cy3/AAGGAGUUGAAGCUUGGUUCAAAGAACGUAUcaagagcaAAA
AAA 3’ 





MDKINLVCGSLLHDIGKIIYRGTSERAKHSKLGGDFIKSFEQFRNTELTDCIRYH

HAQEITSVKSNKEKNSLFYITYIADNISSGMDRRKDLEEGAEGFNWDKKVALGSV

FNVLNEKEKGRQNYSYPFVARTRIKEEPLNFPTATQNQYTTSYYDGLITDMKTIL

QRLKPDKEHINSLLQMMESLWSYVPSSTDKNQLVDISLYDHSRTTAAIASAIYDY

FQAENITDYQKELFDYNATEFYDKNAFLMMNFDMSGVQNFIYNISGSKALKSLRA

RSFYLDMLLEYISDNLLEKLELSRANILYVGGGHAYLLLANTNKTKAILSDFEHD

LKTWFLDKFKIDLYVAMAYTEVSANDLMNHNGHYRDIYRRLSQKTSAKKANRYTA

EEILNLNHQGTENARECRECKRSDLLIEEDDICEICDSLQKVSRDLTRENIFVIA

NEGVLDMPFGKKMSALSYSQADKLKKSNAEVQIYAKNISEIGQNLMTRIDMGDYT

YRSDFHEMLEEVEVGINRLGVLRADVDNLGQAFINGIPDDYLSISRTATFSRAMS

RFFKNYLNQLLAEKSYKINVIYAGGDDLFMIGAWQDILDFSIVLKQKFADFTQNK

LSISAGIGMFREKYPVARMASLTGDLEDAAKDYKPDERAVQATKNAVTLFDATNV

FSWDTLENDIFVKLDAITKNFEKLDETGKAFIYRLIDLLRGVNENQQINIARLAY

TLSRMEEKIGKTFAQELYNWANADRKTLIMALEIYILKTRER 

MGHHHHHHSGGTELKIGNEKVNSTNFGDFAEKAIRGINHKPFVNSKGGEQKITTS

KIRGILELVNKVYNRVINTNDVELSENILADIAYIKVKIAYESGREPVVKDFIQR

TAFTAAITDVMNQRTRESFLLFARYVESLIAYFKFYGGKD 

MKLVIEGTIVLKTGMHIGGSSDFSAIGAVDSPVVRDTLTRLPLIPGSSLKGKMRY

LLAKELNNGILLNEPNNDQDEILRLFGSSEKDKIRRARLKFNDIKLSNLAELETF

NVSSTEVKFENTINRKTAVANPRQIERVIAGSKFDFEIFYNLDDIKEVEKDFENI

KQGFDLLEFDYLGGHGTRGSGRIAFENLSVITAVGNFEKINTLNEILGA 

MKIIKLYFESPVHFGEKRLSESKITFSADTLFSALMIEAVGLGKEDEFYQLASNN

LVKFSDAFPFIDQYYYIPKPMFNLKLEKEDENPSKAFKKLLYVPIDSLEDYLSGG

LDAYFERESFNLGKLALSEKVQQHDFKDSEPYNVGTFTFKENTGLYVLIEQTHPL

LEELLENLQYSGIGGKRNSGYGKFKFEILEDSDIEDLFSAKGNRKILLSGALPKD



AELEQALKNASYLLERRGGFVQSDTYATNLVKKQDLYVFKSGSTFENSFDGDIYQ

VGKKGNHPVYKYAKSFFLEVSV 

MKKTYRVTLTALGPIFIGGGEKLKKYEYIFDKQKKVAHMIDHTKFTKYLLEKNLL

DDFTSRVNSHFDLYDYLVNKKGIVFMPLVKYSVPVAQFRTEVKNRFGKPISSPPM

NDLNTFVKDAFGRPYIPGSSLKGALRTAILNDLKEDTKENEVFAHLQVSDSETID

LENLKVYQKVDYSKTAKPLPLYRECLKPNTEITFTVSFDDEYLTLKKIQNALHKT

YQHYYIKWLKGGKVGETLIKGVYDSHADELKKNTFALDQPSQNQGEIIYIGGGAG

FVSKTLHYKSKNRDQARNDSFDILKQLFRTTYSKMRSVPDNVPVALKLAVETKTF

NGRVTGKHYLEMGKARIKLEELK 

MKILISAVGDTDPIRNFHDGPLLHIVRVYRPEKIVLVHSERSLTKHDKLVKALKS

IKDYSPEIIQDGVVLPDAQVAIFDEMYDTVSSIVKKYISDDEIILNISSATPQII

SAMFAVNRISDFNVTAVQVKTPQHKSNEGLRHDNQEDIDKLIETNLDNQSDYENR

TLADTGMKFSQDLTKRNLKALIDNYDYQGALELLKKQKSFSNIKELRKKLTEISD

TIKIQGMPDKIVKSKLSNQAKSALNSYLNIDRNHKQGNIAEVLIRVKSLVEFILE

DYLNNHFLDVITYKDGKPFLNASKYPEILKKFQEDAEMRGKEYHSGYLSLPAYIG

ILKFFEPNHDLLKHIYKIQEINQDRNKVAHSLQAFDRKNLKKVSSAVFASKQILL

ASFDIDNHWFSFYEDLNQEIKKLL 

MIVKLRYKINLPNSLRTQNIGSTLHGVLMELLPSELVEHLHNLSYNPFRQRLIFE

KELVIWEIVGLHKMVSEELLKLENLREITIKRAQKTVSLSLLSKDAIAVDDLVKK

EMGREIDSRIISLKFTSPTSFKANGHYDIFPDIRKIFRSLMMNFDFFSETTKIYD

YEVLSYIEENVHIVSYKLMTKNFHLEKIKVKGFQGDMTLKVTGAEQFVKLVLLMI

KYATFAGIGMKTSLGMGGVSINERHYLR 





Reagent/Resource 

Bacterial Strains 

Source Identifier 

Reagents and Chemicals 



[α ]

Commercial Kits 

E.Z.N.A. Plasmid DNA Miniprep Kit Omega BIO-TEK D6942-01 
ZymoPURE II Plasmid Midiprep Kit Zymo Research D4201 
Silver Stain Plus Kit Bio-Rad 1610449 
Q5 Site-directed Mutagenesis Kit New England Biolabs E0554S 
Gibson Assembly Cloning Kit New England Biolabs E5510S 

Deposited data 
Binary/Apo LlCsm complex This study PDB 6XN5 
LlCsm-NTR complex This study PDB 6XN7 
LlCsm-CTR_43 complex This study PDB 6XN3 
LlCsm-CTR_32 complex This study PDB 6XN4 

Software 
Adobe Illustrator 

The PyMOL Molecular Graphics 
System 
COOT 

Chimera X 

Chimera 

Phenix 
RELION 3.0/3.1 
CryoSPARC https://cryosparc.com/
CisTEM https://cistem.org/
Motion cor2 https://emcore.ucsf.edu/ucsf-

motioncor2
Gctf https://www2.mrc-

lmb.cam.ac.uk/research/locall
y-developed-software/zhang-
software/

SnapGene Viewer 
T-Coffee



Boxshade 




