


Extended DataFig.2|Cryo-EMstructural determination of DGC. a, Data
processing workflow. Binned 2 (pixel size of 2.72 A) and binned 1 (pixel size of
1.36 A, grey shaded) data processing is separated via dashed line. The masks
usedinfocused 3D classification are outlined with coloured dashed lines. Data
processingin RELION and cryoSPARC is denoted by a circularinscribed “R” and
“C”, respectively. See Methods for more details. b, FSC as a function of spatial
frequency demonstrating the resolution of the final reconstruction of DGC.
c,d,Viewdirectiondistribution histogram (c) and posterior precision plot (d)

show view diversity of all particles used for the final map of DGC (from
cryoSPARC). e, Local resolution estimation (from cryoSPARC) using alocal
FSCthreshold of 0.5.f, FSC coefficients as a functional of spatial frequency
between modeland cryo-EM density maps. The generally similar appearances
betweenthe FSC curves obtained with half maps with (red) and without (blue)
model refinementindicate that therefinement of the atomic coordinates did
notsuffer fromsevere over-fitting.
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Extended DataFig. 3 |Representative cryo-EM density maps of DGC.
C-terminal cap of B-, 8-, y-SGin panel a and dystrophin (EF-hands+WW)-
dystrobrevin (EF-hands) heterodimer in panel fshown using the unsharpened
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4.3 Amap. CDHLI-SEA1 of a-SG (d) displayed using a gaussian low-pass filtered
map. All others are shown using sharpened densities of the 4.1-A local-refined
map or the 4.3-Amap.



Cryo-EM model AlphaFold predicted models

Extended DataFig.4 |Structure prediction of the triplex structure of -,

Y- or 8-SG using artificial intelligence (AI) programs. Panels from left to
right: cryo-EM model of the B-SG-y-SG-6-SG trimer (panel 1) and the predicted
models of single-component trimers (panels 2-4). All predicted models were

v
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generated using AlphaFold. Regions with pLDDT >90 are expected to be
modelled to highaccuracy; regions with pLDDT between 70 and 90 are
expected tobe modelled well; regions with pLDDT between 50 and 70 are
modelled withlow confidence and should be treated with caution.
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Extended DataFig. 5| Transfected B-, y-and 8-SG separated by SDS-PAGE
and visualized by immunoblot with Myc tag-specific antibody. For gel
source data, see Supplementary Fig. 1.



a  6DLH (PDBID)

CDHL2_(a-DG + B-DG) CDHL1_a-DG

CDHL_a-SG
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b
6DLH (PDB ID) 528 D560 E562 D564
Rabbit NQRPELKNHIDRVDAWV[ETYRPEVKIPSDTFYD KBDITTDKLKLTLKLREQQLVGEK
Human NQRPELKNHIDRVDAWV[ETYEVKIPSDTFYD. . .HEDTTTDKLKLTLKLREQQLVGEK
CDHL2 |Gallus NEPPKLTNHIDRVDAWE[ETYYEVKIPSDTFYD. . .KEDTTTDKLQLTLKLKEQQMIEEN
Xenopus NTDPELKNHIDKVVAWV[ETYJEVKIPPDTFYD. .. ... REDGTTDNLQLTLVPRIKASAGEK
Danio NIKPELRNPIDQVNAYV[ETYIEVKVPSDTFFD. .. ... KEDGTTDKLRLTLR.KGNDVVADD
Rabbit HEALPTVVGIPDGTAVV[ERSIIRVTIPTDLIGO. .. ....... ©GEVIKVS .TAGKEVLP
Human HEAVPTVVGIPDGTAVV[ERSIPFRVTIPTDLIAS . . .. oo ... SGDIIKVS AAGKEALP
CDHL1 |Gallus RETVPAVVGIPDSSAVV[RFIFRVSIPTDLIAS. .. .. ..... NGEAVQVS. EAGKESLP
Xenopus KETVAPMTGIPDSSALV[ERPIPFKIHIPTEFLAS. .. .. ..... SGETIKIS. EVGKETLP
Danio AEAVSQPSGFPDSSAVV[RVIFRLOVPIKAKDS. .. .. ...... GSIVKIT....EASKDVLP
Rabbit RVIIVHTLEPASFLH.....LPEHAAPA@IPVTYHAHLQGHPDLP
Human RVIQVHTLDHETFLS....LPEHVAVPPAVHITYHAHLQGHPDLP
CDHL |Gallus TIPYVHELELELFQA..AFLSESEEEDAAPPITFHARLRDHPDLP
Xenopus TLIPJVHKLDTEDYQQ. . . . . LFLNKSGRPYPVSFRANLVGFPDLP
Danio OMVYELHREIFQSEFEPLHKLFGHIYNDPMVFKCNKERFPDLP
495/60/~ 520/84/43 542/98/66
6DLH (PDB ID) 0639
Rabbit SEVQFNS....NSQLMYELPDSSHVEKHEYFMHAT. .. .OKGGL.SAVDAFEIHVHKRPQGD
Human  SQYVQFNS....NSQLMY[LPDSSHVEKHEYFMHAT....DKGGL.SAVDAFEIHVHRRPQGD
CDHL2 |Gallus SPVQENS....TSQLMY[EMPDRSHVEKHEYFMYAT. .. .DKGGL.FAVDAFEIHVHKRPHGD
Xenopus MJVMLNS....TSQVMY[EMPDYIHI[EDHEYYLKAA. .. .DKAGR. TAVDALEIQVRNLFQKQ
Danio  SPYIQFNS....TSQLLY[ELPDQEHA[EKHEYFMQAT. ...DKGGL.YAMDAFEVRVSMWGNSV
Rabbit SJLHWDP....QSHTLEMLPLDTDKEVHYISVSAAQLDANGSHIRQTSSVFSIEVYPEDHSE
Human  SYLHWDS....QSHTLE[ELPLDTDKEVHYISVSATRLGANGSHIPQTSSVFSIEVYPEDHSE
CDHL1 |Gallus S|YLHWNA....ESSSLE[LPLDTDKEVHYISVTTLQPFPNGSYVPQAANVFSVEVHQEDHSE
Xenopus SYLHW. . .EGNFLQELPLDGDK[gVYDISVASLHLAPNGSYVPHTTDVFSVEVHPEDHNE
Danio  AQLHWDA....ESGTLQELPLETDK[VHYISVSVS....NESKVSQSPDVFSIEVHPEEHAE
Rabbit R LRYTQRSPHHPGFLYAATPEDRRQVIEVTAY. ...®ROOFDTAGQSLVLLIR.DPEGS
Human RYLRYTQRSPHHPGFLY[ESATPEDRELOVIEVTAY....NRDSFDTTRQRLVLEIG.DPEGP
CDHL |Gallus REJLRCAQRGPHGSAFLY[E@SPTAAEVETHIIEVLAS. .. . NRLTYETAAQRLIVSITPSPEGY
Xenopus RYLRYTQORSPWHSAYLY[ESPTKP..[dKHVIELTVY....NRKTFETLREKIIFNIL.SPTDV
Danio  RLRFTQRDPYENGFLY[TPLPQDQ[KNIIEIFVT....NKRSYDTFRERLVINVG. .PPVK
560/116/88 530/135/105 600/151/125'1

Extended DataFig. 6 | Identifying the potential calcium (Ca*") binding site
inDGC’s CDHL domains. a, Superposition of the CDHL domains with focused
views of the Ca* coordinationsite in endo-fucoidan hydrolase MfFcnA4 (PDB
ID: 6DLH, purple), and potential Ca* bindingsites in dystroglycans (salmonand
grey) and a-sarcoglycan (cyan). Residues possibly involved in Ca** coordination
areannotated.b, Cross-species multiple sequence alignment of the three

CDHL domainsin DGC. Red background depictsidentical residuesinall CDHL
domains. Conserved residues are coloured inred and divergent residues are in
black. All potential coordination residues showninaare labelled with red
circles. MfFcnA4 residues structurally homologous to CDHL2 positions are
numbered; green-filled dash circles (half: not conserved; full: identical)
indicate potential Ca® binding sitesin CDHL2.
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Extended DataFig.7|Divergentdomainorientationsbetween CDHL and TM-proximalloop of B-DG (left), a-DG (top right) and a-SG (bottom right) to
SEAinthethree CDHL-SEA modules of DGC. a, Structural superposition of interact with the B-helix. The circle slash denotes interaction disruption by
the three CDHL-SEA modules within DGC. SEA-CDHL modules are aligned detachment, while the circle crossindicates interaction disruption viaatomic

against the SEA domain. b, Unique orientations are essential for the clashes.
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Extended DataFig. 8| Comparison of B-DG binding sarcospanwithboth CD81’sbinding partner are shown as surfaces. CD81'sunmodelled regions are

partner-binding and apo states of the canonical tetraspanin CD81. represented by dashed lines.
Sarcospan and tetraspanin CD81are depicted as ribbons, while 3-DG and
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Extended DataFig. 9 |Subcellularlocalization of dystrophin cysteine-richregion andits WW deletion construct. The fragments used are residues 3042-3426
and 3077-3426 for dystrophin and dystrophin (AWW), respectively.



Extended Data Table 1| Cryo-EM data collection, refinement and validation statistics

EMDB EMD-45165
PDB 9C3C
Data collection and processing
Microscope Titan Krios G1
Voltage (kV) 300 300
Camera K2 K3
Magnification 105K 81K
imaging mode super-resolution super-resolution
Pixel size (A) 0.68 0.55
Electron exposure (¢ /A?) ~40 ~40
Defocus range (um) -1.5t0-3.0 -1.5t0-3.0
Symmetry imposed C1 C1
Micrographs processed 15,186 12,325
Final particles 134,481
Map resolution 4.3

FSC threshold 0.143
Model refinement and
validation
Map sharpening B-factor (A?) -126.9
Model resolution (A) 4.5

FSC threshold 0.5
Model composition

Non-hydrogen atoms 19452

Protein residues 2458
R.m.s. deviations

Bonds length (A) 0.003

Bonds angles (A) 0.664
Validation

MolProbity score 1.77

Clashscore 9.87

Poor rotamers (%) 0
Ramachandran plot

Favored (%) 96.26

Allowed (%) 3.74

Disallowed (%) 0
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n/a | Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name, describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection Cryo-EM: SerialEM3.7

Data analysis Cryo-EM: MotionCor2, CTFFIND4, Gautomatch v0.56, Topaz 0.2.5, Relion3.0/4.0/5.0, Cryosparc v4, PSIPRED 4.0, AlphaFold2/3, Coot0.9.8.1,
Phenix1.20.1, ChimeraX1.8.dev, Chimeral.17.3

Multiple sequence alignment: blastp, MUSCLE, ESPript 3.0

Structure comparison and structure-based sequence alignment: Dali

Western Blotting: ChemiDoc™ MP imaging system (Bio-Rad) with the Imagelab software
Immunofluorescence and confocal assays: Leica Application Suit X 3.5.7.23225

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The cryo-EM maps and atomic coordinates have been deposited to the EMDB (EMD-45165) and PDB (9C3C) databases, respectively. Other structures used in this
study were retrieved from the PDB with accession codes 6DLH for endo-fucoidan hydrolase MfFcnA4, and 1EG4 for dystrophin’s WW+EF hands with the PPxY
peptide of B-dystroglycan. The gene IDs of the DGC components were obtained from NCBI: 100009208 for B-SG, 100009214 for y-SG, 100351233 for 6-SG,
100009178 for a-SG, 100009278 for DG, 100355731 for Dystrophin, 100351412 for a-dystrobrevin. All other data are available within the main text or the Extended
Data. Source images are available in the Supplementary Information.
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Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or N/A
other socially relevant groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Preparation of rabbit skeletal muscle membranes: For this study, 400 g of skeletal muscle was obtained from the hind legs of New Zealand
white rabbits. No formal statistical calculation was performed to predetermine the sample size for the muscle membrane preparation, but this
quantity was chosen based on prior experimental experience, which indicated it would yield sufficient material for downstream analysis.

Cryo-EM: A total of 134,481 good particles were extracted from 27,511 micrographs. While no formal statistical method was used to calculate
the sample size, the particle count and micrograph number were sufficient to achieve the target resolution of 4.3 A, based on established
cryo-EM practices for model modeling at this resolution.

Data exclusions Cryo-EM particles which have poor qualities or are not interested targets were excluded during 2D and 3D classification. This standard
procedure has been widely used to obtain high resolution cryo-EM structures of biomacromolecules.

Replication Three to four independent co-immunoprecipitation assays were performed, each yielding consistent and reproducible results as indicated in
this study. All attempts at replication were successful.

Randomization Randomization was not applicable to this study, as the experimental design did not involve groups with covariates requiring control. The study
focused on controlled biochemical assays and structural analyses where randomization is not a relevant factor for the data collection or

interpretation.

Blinding Blinding was not applicable, as the study involved objective biochemical assays and structural analyses, where observer bias was not a factor.
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies [] cnip-seq
Eukaryotic cell lines D Flow cytometry
Palaeontology and archaeology D MRI-based neuroimaging

Animals and other organisms
Clinical data
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Antibodies

Antibodies used For western blot, the primary antibodies used were all from mouse, including monoclonal M2 anti-Flag (catalogue no. F3165, Sigma),
monoclonal 4A6 anti-Myc (catalogue no. 05-724, Sigma), monoclonal B-14 anti-GST (catalogue no. sc-138, Santa Cruz), monoclonal
2-2.2.14 anti-HA-HRP (catalogue no. 26183-HRP, ThermoFisher), and monoclonal HIS.H8 anti-6xHis-HRP (catalogue no. MA1-21315-
HRP, ThermoFisher). The secondary antibody used was polyclonal anti-mouse IgG, HRP from goat (catalogue no. G-21040,
Invitrogen).

For immunofluorescence: the primary antibodies used were polyclonal anti-Flag from rabbit (catalogue no. F7425, Sigma), and
monoclonal 4A6 anti-Myc from mouse (catalogue no. 05-724, Sigma). The secondary antibodies used were polyclonal Alexa Fluor 488
anti-mouse IgG from goat (catalogue no. A11001, Fisher Scientific), and polyclonal Alexa Fluor 555 anti-rabbit IgG from donkey
(catalogue no. A-31572, ThermoFisher).

Validation Primary antibodies were suitable for western blot based on the statements on manufacturer's websites: monoclonal M2 anti-Flag,

monoclonal 2-2.2.14 anti-HA-HRP, and monoclonal HIS.H8 anti-6xHis-HRP have no species specificity; monoclonal 4A6 anti-Myc
reacts with human; monoclonal B-14 anti-GST reacts with C. elegans/Worm.

Primary antibodies were suitable for immunofluorescence based on the statements on manufacturer's websites: Polyclonal anti-Flag
from rabbit has no species specificity, while monoclonal 4A6 anti-Myc from mouse reacts with human.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Human embryonic kidney (HEK) 293T cells purchased from ATCC
Authentication No authentication was performed
Mycoplasma contamination Cell lines were not tested for mycoplasma contamination

Commonly misidentified lines No commonly misidentified cell lines were used in the study
(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals New Zealand White Rabbit at an age of around 1 year.
Wild animals The study did not involve wild animals.
Reporting on sex Gender-unspecified New Zealand White Rabbits were selected because sex is not expected to affect the structure or function of the

dystrophin-glycoprotein complex (DGC) in skeletal muscle.
Field-collected samples The study did not involve samples collected from the field.

Ethics oversight The hinge legs of the New Zealand White Rabbit were sourced from BiolVT, a supplier that adheres to strict ethical and regulatory
standards for animal tissue procurement.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

>
Q
Q
(e
=
o)
o
o)
=
o
=
_
D
§o)
o)
=
>
@
wv
c
S
3
Q
<L

€20 Judy




>

Plants =
c

=

0)

Seed stocks No seed stocks were used in this study _8
=
c
Novel plant genotypes No novel plant genotypes were generated in this study g
-

D

S}

)

Authentication This is not applicable to this study g
(@]

wv

c

=

3

)

<L






