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Table S1. Cryo-EM data collection, refinement, and validation statistics.



p1 2 al B3 R4
N 10 20 30
domain1 . ....... 1.[-]. . . AGTQGREFEE[JCSYT...... WERvVDT...... KNNMLY|KINICGNMG. ......
domain2 FKANKEVP[CYAFD.RELKKHDLNP[LIKTSG AY|LVDDSDPD. .. ... TS|LF|INVCRD|IEVLRASSP
domain 3 . .YLESRS|C|S|L|SSAQHDVAVDLOP[LSRVEASDSLFE|Y|T|SEAD . . . . . ... EYT[Y|¥YLSIClGGSQ. ... ...
domain 4 . ..KEALL[C/GV|SD. .GKQRFDLEA[LARHSELEQN .[WEAVD . .GSQREAEKKHF|F[INICHRVL....QTG
domain 5 . .RTEGDN[C|TV[FDSQAGFS|FDLT[P[LTKKD. . ... AVKVIETD . . o oo ... KYEFHINVCGPVS. ... ...
domainé . .... PLE|CIVITDPVTLDQYDLSRILAKSEGGP GGNWY|SILDNGG. . ARSTWRK[Y[Y|INVCRP|LN. . ... ..
domain7? ITTDIDQV|C|S|IKDPNSGYVFDLHNPLNNSRG. ... . YVVILGI o v v v v v n . GKT[F|LFNVCGDMP . . . . ...
domain8 . - ... PVD|C|QVITDPA . GNE[YDLS|GLISKAR . KPWTAVDTFDE . . . GKKRT[F|Y[LSVCTP[LP. ... ...
domain 9 . .RAEGDY[CE[V[RDPRHGNLYNLIP[LGLND. . ... . TV[VRAG. . . ... .. EYT[Y|Y[FRVCGELT. ... ...
domain10 ... .DLTE[C/SF[KNEA.GET|YDLS|S[LSRYS. DNWERVTG. . ... TGSTEH[Y[LINVCKS|LIS....PQA
domain1l . .SNVHDD|C|QV|TNPATGHLFDLS|S[LSGRAG. . .. . FITRAYS....... EKGLV[Y[LsVCG.|.|. .. .. ...
domain12 . . .... TEIC/SV[RN . .GSSLIIDLS[P[LIHRTG G|Y|EAlYDESEDDGSDTSPDF|[Y[INICQPLN. . . .. PM
domain13 . ..VEKTDG|C|S|L{TDEQLYYSFNLS|S[LISKST. . ... . FKV[TRG. . ...... PHT[Y|S[VGVCTARAA. . ... GL
domain14 . .. ... ME[CKF|[VQKH. .RT|YDLRL[L|SSLTGS ... .WSFVHN........ GAS[Y|Y|[INLCQK[I|[Y...... K
domain 15 PQEVQMVN%T;TNPANGRSFSLGD;YFKRFSAS..gDyRTN ...... GDRYIIEIQL?.S; ..... TGS
BS B6 B7 B8
59 6 79
domain 1 .vago[. . ... GPs[slAVEMHEDLKT . ... .... DSFHS[V[EDS...LLKTA..... SR[S|LLEFNTTVN. ...
domain2 QVRV[™..... PTGRRARMLVRG. ... ... ... DRAFD[V[ERP . QEGLKLVSN. . .DR|L[V|L/SY[VKEGAGQPD
domain 3 .API[d....NKKDAAV[MOVKKADST.......QVKVA[RP.QNLTLRYSD...GD|LT|LI[YFGGEE. ...
domain4 QARG[™..... PEDRRA[V[MAVDKNG. ... ...... SKN[L[RF .ISSPTREK. .. .GN|I|QL/S|Y/SDGDE. .. .
domain 5 .VGA[. . ... PPD|SIGA[MOVSRSDR. . ... ... KSWN|L[RS . NAKLSYYD. .. .GMI|QLT|YRDGTP. ...
domain6 PVPG[.....DRYASAMOMKYQGEQGSYSETVSISN[L[EVA.KTGPMVED. ..SGS|L|LILEYVNGSA. ...
domain 7 .. .GTLDGKP][S|GMEAEVQMDDMKTLK. .PGRL[V[]JL . . EKSLQLSTE. . .GF|I|T[LN[¥Y[TGLPS. ...
domain8 YIPG[....HGTAVGCELVTIED.......... SKLN|L[§vV.QISPQVGA. . .NGS[LS[LV[Y[VNGDK. . ..
domain 9 .SGV[MPTSDKSKV|I|S|SMQEKRGPQ.......GFQKVA[LF.NQKLTYE....NGV|LKMNYTGGDT. ...
domain10 GSDP[e. . ... PPERAV[LLGGP . . ... ..... KPVN[L[RV .RDSPQWS. .. .QGLTLLKYVDGDL. . ..
domain11 DNEN[™. . ... ANGV|GAMFGQT. ... ... .. ... RIS[V[EKA.SKRLTYVD. .. .QV|LQLV|[YEGGSP....
domain12 HGLA[®.....PAG|TAV[@KVPVDGP.........PID[I[§RV.AGPPILN..PIANEV|Y|[LNFESSTP....
domain13 DEGG[. .. ... KDGA[VELLSGSK. . .. ... ... GASF[RLASMKLDYR. .HQDEA[V|I|LIS|YANGDT. .. .
domain14 GPQD[™. . ... SERR[S[VEMKKSTSG. . oo v v v v EVQV|L[ELVHTQKLDVV. .. .DDRV|I[V|T|Y|SKGHY. ...
domain15 SSPA[S......SGAS|I[MQRKANDQHF.......SRK[V[TS.NQTRYYV...QDGDLDVVETSSSK....
Bo p10 p11
80 90 110 120
domain 1 clkoownH. . .KIQ[ il PlEFVTAT. .D[C]. . ... V H Y[FIEWR[T]
domain2 F|CDGH.....SPAV F PKILTAKS. .NC|.....RFE[IEWV|T
domain 3 ClISSGFQ....RMS F Pl[V[FTGEV. .D[C[. . ... T YF[F|T[W[D|T
domain 4 JoleeeQ. .. LKIIT L Pl[V[LITTSRADG[C|. . ... F Y E[F|EWR|T
domain 5 JYNNEKRTP..RAT F PE[Y/QEED. . N[S|. . . .. TYN[FRWY|T
domain 6 CITTSDQRRTTYT|T L PlIF[SLNW. .E[c]. . ... VV S|F|L{WN|T
domain 7 HPNGRA....DAJF F PKIFILHQDI .D|S|SLGIRDTF|F|EFE[T
domain 8 CKNQ..... RFS|T L PITFIQLQN. .DC[. . ... E Y V|F|LWR|T
domain 9 CHKVYQ....RS|T F P[VFLQETS .D[C[. . ... S Y LF[E[W[R|T
domain 10 CPDQIR...KKS|T F PMF|ISAVE.D[C[. . ... EY T|F|S[w|p|T
domain 11 CPSKTGLS. . YKS F PMLIISLDKRT[C|. . ... T LF[F|S|W[H|T
domain 12 CILADRHFN. .YT|S F PKILLRTS..v[C|..... DF V|F|EWE|T
domain 13 CPPE...... RT|S F o[V[F[SEVR. .Glc|. . ... E V T|F|E[W|K|T
domain 14 CIGDNKT....ASA L PlsFITRFDVDS[C|. . ... T Y H[F|s[W[D|s
domain 15 %GKDKT..KSVSE ) EEESHETA.D% ..... QY LF|S[W]H|T|

Fig. S1. Sequence alignment of different domains in IGF2R. The sequence of domain 13 is
listed without FNII domain. Strictly conserved residues are highlighted in shaded red boxes and
conserved residues in open red boxes. The secondary structures of a domain are placed on the

top of the alignments. The pairs of disulfide bonds are indicated by lines.
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Fig. S2. Biochemical characterization of apo state IGF2R and IGF2-bound IGF2R. (A)
Size-exclusion chromatography of apo state IGF2R at pH 4.5. (B) Size-exclusion
chromatography of IGF2-bound IGF2R at pH 7.4. The elution peak is analyzed by SDS-PAGE

and Coomassie staining. Molecular standards are indicated on the left side of the SDS-PAGE.
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Fig. S3. Data processing and model quality assessment of apo state IGF2R. (A) The data

processing work-flow for apo state IGF2R. (B) A representative electron micrograph at -2.0 um

defocus. (C) 2D classification for apo state IGF2R. (D) Fourier shell correlation (FSC) curve of

the structure with FSC as a function of resolution using RELION-3 output. (E) FSC curves for

cross-validation between the models and the maps. Curves for the final refined model versus the

reconstruction from all particles in blue (sum), for the model refined against the reconstruction

from only half of the particles versus the same reconstruction in red (work), and for the same

model versus the reconstruction from the other half of the particles in green (free). (F) Density

maps of apo state IGF2R colored by local resolution estimation using RELION-3. Each domain

is separated by green dashed lines.
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Fig. S4. Cryo-EM map of apo state IGF2R. 33-36 and $7-f11 of each domain are shown. The

color scheme of the map is the same as in Fig. 1A.
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Fig. S5. Structural comparison for seven subgroups of apo state IGF2R in two different

views. The seven subgroups are shown in different colors as noted in the table on the right side.
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Fig. S6. Data processing for ligand-free IGF2R. (A) Negative staining image for ligand-free
IGF2R at -2.0 um defocus. The zoomed in images show the extended morphology of IGF2R.
The domains are marked with white arrows. (B) The data processing work-flow for ligand-free

IGF2R with a representative electron micrograph at -2.0 um defocus.
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Fig. S7. Data processing and model quality assessment of IGF2-bound IGF2R. (A) The data
processing work-flow for IGF2-bound IGF2R. (B) A representative electron micrograph at -2.0
pum defocus. (C) 2D classification for IGF2-bound IGF2R. (D) Fourier shell correlation (FSC)
curve of the structure with FSC as a function of resolution using RELION-3 output. (E) FSC
curves for cross-validation between the models and the maps. Curves for the final refined model

versus the reconstruction from all particles in blue (sum), for the model refined against the



reconstruction from only half of the particles versus the same reconstruction in red (work), and
for the same model versus the reconstruction from the other half of the particles in green (free).
(F) Density maps of IGF2-bound IGF2R colored by local resolution estimation using RELION-3.

Each domain is separated by green dashed lines.
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Fig. S8. Cryo-EM map of IGF2-bound IGF2R. (A) 3-p6 and B7-f11 of the domains 4-14 of

IGF2-bound IGF2R. The color scheme of the map is the same as in Fig. 1A. (B) a1-a3 of IGF2
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Fig. S9. Structural comparison of CD-MPR and domains of IGF2R for Man6P. (A)
Structural comparison of the lumenal domain of the CD-MPR in different pH. The proteins in pH
4.8 (PDB: 2RL7) and pH 6.5 (PDB: 2RL38) are colored in salmon and cyan, respectively. The
bound Man6P and Mn?" are shown with a stick model and a gray sphere, respectively. (B)
Domain 5 and domain 9 of IGF2R in different pH. Domain 5 and domain 9 at pH 4.5 are colored
the same as in Fig. 1A, while domain 5 and domain 9 at pH 7.4 are shown in pink and wheat.

The conformational changes of the B10-f11 loops in different pH are indicated with dashed lines.



Table S1. Cryo-EM data collection, refinement, and validation statistics.

IGF2R (pH 4.5)
(EMD-20815)

IGF2R-1GF2 complex (pH7.4)
(EMD-20816)

(PDB 6UM1) (PDB 6UM?2)

Data collection and processing
Magnification 50,000 58,140
Voltage (kV) 300 300
Electron exposure (e—/A?) 80 100
Defocus range (pum) -1.0t0-2.0 -10to-2.4
Pixel size (A) 1 0.86
Symmetry imposed C1 C1
Initial particle images (no.) 314,735 447,586
Final particle images (no.) 128,789 75,821
Map resolution (A) 3.46 4.32

FSC threshold 0.143
Map resolution range (A) 3.2-5.9 3.7-6.4

Refinement
Initial model used (PDB code)

Model resolution (A)
FSC threshold 0.5
Model resolution range (A)
Map sharpening B factor (A?)
Model composition
Non-hydrogen atoms.
Protein residues
Ligands
B factors (A?)
Protein
Ligand
R.m.s. deviations
Bond lengths (A)
Bond angles (°)
Validation
MolProbity score
Clashscore
Poor rotamers (%)
Ramachandran plot
Favored (%)
Allowed (%)
Disallowed (%)

Domains 11-14 (2V50)
Domains 1-3 (1Q25)
Domain 5 (2VKA)

3.68

3.68-280.0
-105.2

17134
2208
BMA: 1 NAG: 7

23.26
17.01

0.014
1.841

1.95
9.44
0.95

9291
6.86
0.23

IGF2R (pH 4.5)
Domains 11-14 (2V50)
Domains 11-13-IGF2 (2V5P)

4.40

4.40-302.7
-131.20

13094
1686
NAG: 7

20.80
26.65

0.013
1.783

1.97
9.90
0.62

92.90
6.74
0.36
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