
 481 

Extended data Figure 1. Homology in amino acid sequence between β-arrestin 1 and 2, as searched by BLAST 482 

in the NCBI database. 483 

a. Alighment search between b-arrestin 1 isoform A and b-arrestin 2 isoform 3 as a representative diagram. 484 

BOXSHADE version 3.21 was used. b. b-arrestin 1 isoform A and B were compared with b-arrestin 2 isoforms. 485 

  486 



 487 

Extended data Figure 2. Genetic depletion of β-arrestin 1 in SH-SY5Y cells with use of CRISPR/Cas9. 488 

The gRNA design (a) as well as obtained genomic and amino acid sequence (b) for establishing knockout cell lines 489 

using CRISPR/Cas9. Western blotting analysis was conducted to confirm the loss of β-arrestin 1 expression. 490 



 491 

Extended data Figure 3. Genetic depletion of β-arrestin 2 in SH-SY5Y cell with use of CRISPR/Cas9. 492 

The gRNA design (a) as well as obtained genomic and amino acid sequence (b) for establishing knockout cell lines 493 

using CRISPR/Cas9. Western blotting analysis was performed to confirm the loss of β-arrestin 2 expression. 494 



 495 

Extended data Figure 4 Genetic depletion of both β-arrestin 1 and 2 simultaneously in SH-SY5Y cell with use of 496 

CRISPR/Cas9. 497 

The gRNA design (a) as well as obtained genomic and amino acid sequence (b) for establishing knockout cell lines 498 

using CRISPR/Cas9. Western blotting analysis was used to confirm the simultaneous loss of expression of both β-499 

arrestin 1 and 2. 500 



 501 

Extended data Figure 5 MOP internalisation in β-arrestin deficient cell line at an earlier time point on 502 

stimulation with DAMGO or Morphine.  503 

MOP internalisation under the simultaneous loss of both β-arrestin 1 and 2, or either one of the β-arrestins in SH-SY5Y 504 

cells overexpressing HA-tagged MOR1 upon stimulation with 10 µM of DAMGO (left panel) or morphine (right panel) 505 

as indicated for 10 min. 506 
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 508 

Extended data Figure 6. Endogenous MOP drives MAPK signalling almost comparably to ectopically 509 

overexpressed MOP in SH-SY5Y cells. 510 

a. Receptor internalisation when wild-type or mutated MOP tagged with HA sequence were transfected into SH-SY5Y 511 

cells and stimulated with 10 µM of DAMGO for 10 min (**P<0.01, ****P<0.0001). b. The expression level of wild-512 

type or mutated MOP expressed in SH-SY5Y cells was analysed by immunoblotting. c. Immunoblot analysis of MAPK 513 

activation in whole-cell lysates from SH-SY5Y cells stably expressing wild-type MOP (left) in comparison with the 514 

parental cells (right). 515 



 516 

Extended data Figure 7 Ectopical expression system discerns the signals from stably expressed MOP in HEK293 517 

cells. 518 

Immunoblot analysis of MAPK activation in whole-cell lysates from HEK293 cells stably expressing wild-type MOP 519 

(right) in comparison with the parental cells (left). 520 
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 522 

Extended data Figure 8. Genetic depleting of β2-adaptin with CRISPR/Cas9 in SH-SY5Y cells. 523 

The gRNA design (a) as well as obtained genomic and amino acid sequence (b) for establishing knockout cell lines 524 

using CRISPR/Cas9. c. Western blotting analysis was conducted to confirm the loss of expression of the β2-adaptin 525 

subunit of the AP2 adaptor complex. 526 



 527 

Extended data Figure 9. Introducing mutation on clathrin heavy chain with CRISPR/Cas9. 528 

The gRNA design (a) as well as obtained genomic and amino acid sequence (b) for establishing knockout cell lines 529 

using CRISPR/Cas9. c. Western blotting analysis was performed to confirm the reduction of the expression level of 530 

clathrin heavy chains. Sample of cell cultures obtained by the knockdown method were used as references.531 


