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The centrosome governs many pan-cellular processes including cell division, migration, and cilium formation. 

However, very little is known about its cell type-specific protein composition and the sub-organellar domains where 

these protein interactions take place. Here, we outline a protocol for the spatial interrogation of the centrosome 

proteome in human cells, such as those differentiated from induced pluripotent stem cells (iPSCs), through co-

immunoprecipitation of protein complexes around selected baits that are known to reside at different structural parts 

of the centrosome, followed by mass spectrometry. The protocol describes expansion and differentiation of human 

iPSCs to dorsal forebrain neural progenitors and cortical projection neurons, harvesting and lysis of cells for protein 

isolation, co-immunoprecipitation with antibodies against selected bait proteins, preparation for mass spectrometry, 

processing the mass spectrometry output files using MaxQuant software, and statistical analysis using Perseus 

software to identify the enriched proteins by each bait. Given the large number of cells needed for the isolation of 

centrosome proteins, this protocol can be scaled up or down by modifying the number of bait proteins and can also 

be carried out in batches. It can potentially be adapted for other cell types, organelles, and species as well. 

https://creativecommons.org/licenses/by-nc/4.0/
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Graphical overview 
 

 
 

An overview of the protocol for analyzing the spatial protein composition of the centrosome in human induced 

pluripotent stem cell (iPSC)-derived neural cells. ¬ Human iPSCs are expanded, which serve as the starting cell 

population for the neural induction (Sections A, B, and C in Procedure).  Neurons are induced and differentiated 

for 40 days (Section D in Procedure), in at least four biological replicates. ® Total protein is isolated either at 15th 

or 40th day of differentiation, for neural stem cells and neurons, respectively (Sections E and F in Procedure). ¯ 

Selected bait proteins are immunoprecipitated using the respective antibodies (Sections G and H in Procedure). ° 

Co-immunoprecipitated samples are analyzed with mass spectrometry (Section I in Procedure). ± Mass 

spectrometry output (.RAW) files are processed using MaxQuant software to calculate intensities (Section A in Data 

analysis). ² The resulting data are pre-processed, filtered, and statistically analyzed using Perseus and R software 

(Sections B and C in Data analysis) ³ Further analysis is done using software or web tools such as Cytoscape or 

STRING to gain biological insights (Sections D and E in Data analysis). 

 

 

Background 
 

The centrosome is a multifunctional organelle that is known primarily for its microtubule organizing functions, as 

well as roles related to cell cycle, cell polarity, and migration (Bornens, 2021). Embedded in the pericentriolar 
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material, the centrosome is a highly ordered structure whose core is made of a pair of orthogonally oriented 

centrioles, each with nine triplets of microtubules with differing maturityðnamed the mother and daughter 

centrioles (Fu et al., 2015). 

The centrioles exhibit structural differences such as the presence or absence of subdistal and distal appendages, 

which also facilitate their functional distinction. For example, the more mature mother centriole has a higher 

capacity to anchor microtubules via these appendages, which are also used in membrane dockingða prerequisite in 

cilium formation (Bornens, 2002; Brugu®s et al., 2012; Paridaen et al., 2013; Tanos et al., 2013). The pericentriolar 

material surrounding the centrosome also serves important functions such as microtubule nucleation, and also 

contains important signaling proteins (Woodruff et al., 2014; Loukil et al., 2017; Lin et al., 2022). 

Although traditionally assumed to be largely composed of a set of homogenous proteins across cell types that support 

its generic functions, several centrosomal proteins have been identified based on candidate studies that reveal the 

presence of cell typeïspecific dynamic relationships (Camargo Ortega and Gºtz, 2022). For example, the 

centrosomal protein formerly named AT-hook-containing transcription factor (AKNA) differentially localizes to the 

subdistal appendages of the centrosomes in neural stem cells and neurons to govern specific processes associated 

with brain development as well as cell fate determination (Camargo Ortega et al., 2019). NINEIN is another 

dynamically associated centrosome protein, whose loss from the subdistal appendages in neurons leads to the loss 

of centrosomal microtubule organizing functions (Wang et al., 2009; Shinohara et al., 2013; Zhang et al., 2016).  

Although centrosome proteomes have been cataloged for cancer cells and Drosophila (Andersen et al., 2003; Sauer 

et al., 2005; M¿ller et al., 2010; Gheiratmand et al., 2019), these few dynamically identified proteins call for more 

widespread analysis of interacting partners among a range of cell types. The large amount of cellular material needed 

for centrosome isolation via fractionation and its inconsistent fractionation behavior prohibits, however, large-scale 

analyses and does not inform on the location of the newly identified interacting partners on the centrosome. Bio-ID 

facilitates such proximity labeling, but is compounded by overexpressing a tagged fusion protein, potentially 

impacting endogenous centrosome functions that might be sensitive to its levels within a cell (Sears et al., 2019). 

Proteins identified through Bio-ID protocols may also not biochemically interact but rather just localize near the 

protein/structure of interest (Rattray and Foster, 2019). 

We recently applied co-immunoprecipitation of core endogenous centrosomal proteins coupled with mass-

spectrometry to outline an effective alternative to both fractionation and tagging strategies (OôNeill et al., 2022). 

Using core centrosomal proteins with overlapping but non-redundant positions within this organelle, we could 

resolve spatial interaction networks across the cell types investigated (human dorsal neural stem cells and neurons), 

identifying the centrosome as a hub for RNA-binding proteins that also explain how ubiquitous proteins can cause 

organ-specific disease phenotypes when mutated. The use of the microtubule depolymerizing agent, nocodazole, 

offered an additional mechanism to identify the microtubule-dependent and -independent interacting partners within 

the cell types of interest (OôNeill et al., 2022).  

Here, we outline in detail this method for interrogating the spatial centrosome proteome in human cells. We begin 

by describing the specific culture of the neural cells starting from human induced pluripotent stem cells (iPSCs), 

followed by the co-immunoprecipitation. We end with a detailed description of the analysis of proteomic data 

resulting from the previous steps. Adopting this strategy across a range of cell types can potentially offer further 

insights into the spatial organization and heterogeneity of the centrosome, extending the functional repertoire of this 

organelle. The approach can be further adapted to different sub-cellular targets or tissues, as well as other cell types 

including primary cells isolated from different species. 

 

 

Materials and reagents 
 

1. Human induced pluripotent stem cell lines, HMGU1 (hPSCreg: ISFi001-A) and HMGU12 (hPSCreg: ISFi002-

A), obtained from the Helmholtz Center Munich iPSC Core Facility. The source of the cells is BJ fibroblasts 

(ATCC CRL-2522) 

2. mTeSRTM 1 culture media (basal medium and 5Ĭ supplement) (StemCell Technologies, catalog number: 05850) 

3. DMEM/F-12, GlutaMAXTM supplement (GibcoTM, catalog number: 10565018) 

4. Neurobasal medium (1Ĭ) [-] L-Glutamine (GibcoTM, catalog number: 21103-049)  

5. B-27 supplement with vitamin A (50Ĭ) (GibcoTM, catalog number: 17504044) 

https://hpscreg.eu/cell-line/ISFi001-A
https://hpscreg.eu/cell-line/ISFi002-A
https://hpscreg.eu/cell-line/ISFi002-A
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6. GlutaMAXTM supplement (100Ĭ) (GibcoTM, catalog number: 35050061)  

7. Penicillin-Streptomycin (GibcoTM, catalog number: 15140122)  

8. N2 supplement (100Ĭ) (GibcoTM, catalog number: 17502048)  

9. Non-essential amino acids (100Ĭ) (GibcoTM, catalog number: 11140050) 

10. 2-mercaptoethanol (50 mM) (GibcoTM, catalog number: 31350010) 

11. Insulin, human (10 mg/mL) (Sigma-Aldrich, catalog number: I9278-5ML)  

12. Collagenase type IV (1 mg/mL) (StemCell Technologies, catalog number: 07909) 

13. StemProTM AccutaseTM (GibcoTM, catalog number: A1110501) 

14. Geltrex Matrix, reduced growth factor (GibcoTM, catalog number: A1413202) 

15. MatrigelÈ growth factor reduced (CorningÈ, catalog number: 354230) 

16. Laminin from Engelbreth-Holm-Swarm murine sarcoma basement membrane (Sigma-Aldrich, catalog number: 

L2020-1MG) 

17. Poly-L-Ornithine hydrobromide (Sigma-Aldrich, catalog number: P3655-500MG) 

18. Dorsomorphin (Sigma-Aldrich, catalog number: P5499-5MG) 

19. SB431542 hydrate (Sigma-Aldrich, catalog number: S4317-5MG) 

20. Recombinant human FGF-basic (Peprotech, catalog number: 100-18B) 

21. ROCK inhibitor (Y-27632), 5 mg (StemCell Technologies, catalog number: 72304) 

22. Nocodazole (Sigma-Aldrich, catalog number: M1404) 

23. Dimethyl sulfoxide (DMSO), sterile-filtered (Sigma-Aldrich, catalog number: D2438) 

24. Phosphate buffered saline (PBS) (10Ĭ) (GibcoTM, catalog number: 70011044) 

25. Sterile water (Braun, catalog number: 0082423E) 

26. MilliQ water (Merck) or distilled water (any brand) 

27. Media filter: Filtropur V25, 250 mL, 0.2 ɛm (Sarstedt, catalog number: 83.3940.001) 

28. Media filter: Filtropur V50, 500 mL, 0.2 ɛm (Sarstedt, catalog number: 83.3941.001) 

29. Tris-base [NH2C(CH2OH)3] (Millipore, catalog number: 648310) 

30. Sodium chloride (NaCl) (Sigma, catalog number: S3014) 

31. Ethylenediaminetetraacetic acid tetrasodium salt (EDTA) (Sigma, catalog number: E6758) 

32. Ethylene glycol-bis(2-aminoethylether)-tetraacetic acid (EGTA) (Sigma, catalog number: E4378) 

33. Triton X-100 (Bio-Rad, catalog number: 1610407) 

34. Sodium dodecyl sulfate (SDS) (Sigma, catalog number: L3771) 

35. 2-mercaptoethanol, molecular biology grade (Sigma-Aldrich, catalog number: M3148-25ML) 

36. cOmplete, Mini Protease Inhibitor Cocktail (Roche, catalog number: 11836153001) 

37. Bovine serum albumin (BSA) (Sigma-Aldrich, catalog number: A2153) 

38. Protein assay reagent A (Bio-Rad, catalog number: 5000113) 

39. Protein assay reagent B (Bio-Rad, catalog number: 5000114) 

40. Protein assay reagent S (Bio-Rad, catalog number: 5000115) 

41. DynabeadsTM protein A (Invitrogen, catalog number: 10002D) 

42. DynabeadsTM protein G (Invitrogen, catalog number: 10004D) 

43. Micropipette tips (any brand) 

44. 6-well cell culture dishes (FalconÈ, catalog number: 353046) 

45. 10 cm cell culture dishes (FalconÈ, catalog number: 353003)  

46. Cell scrapers (TPPTM, catalog number: 99002) (Sarstedt, catalog number: 83.3951) 

47. 50 mL Falcon tubes, 15 mL Falcon tubes (any brand) 

48. Protein LoBindÈ Tubes, 1.5 and 2 mL (Eppendorf, catalog numbers: 0030108116 and 0030108132) 

49. Protein LoBindÈ Tubes, 50 mL (Eppendorf, catalog number: 0030122240) 

50. 5, 10, and 25 mL serological pipettes (any brand) 

51. Rabbit polyclonal anti-CDK5RAP2 (Sigma-Aldrich, catalog number: 06-1398) 

52. Mouse polyclonal anti-CNTROB (Abcam, catalog number: ab70448) 

53. Rabbit polyclonal anti-CP110 (Abcam, catalog number: ab99338) 

54. Mouse monoclonal anti-CEP170 (InvitrogenTM, catalog number: 72-413-1/41-3200) 

55. Rabbit polyclonal anti-CEP192 (Novus Biological, catalog number: NBP1-28718) 

56. Rabbit polyclonal anti-CEP152 (Merck Millipore, catalog number: ABE1856) 
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57. Rabbit polyclonal anti-CEP63 (Merck Millipore, catalog number: 06-1292) 

58. Rabbit polyclonal anti-CEP135 (Antibodies online, catalog number: ABIN2801434) 

59. Rabbit polyclonal anti-POC5 (Novus Biological, catalog number: NBP1-78741) 

60. Rabbit polyclonal anti-ODF2 (Abcam, catalog number: ab43840) 

61. ROCK inhibitor (10 mM) (see Recipes) 

62. Dorsomorphin (5 mM) (see Recipes) 

63. SB431542 (10 mM) (see Recipes) 

64. Poly-L-Ornithine (10 mg/mL) (see Recipes) 

65. Neural maintenance medium (N3) (see Recipes) 

66. Neural induction medium (N3+SMADi) (see Recipes) 

67. Nocodazole (3.3 mM) (see Recipes) 

68. 2 M NaCl (see Recipes) 

69. 0.5 M EDTA, pH 7.5 (see Recipes) 

70. 0.5 M EGTA, pH 7.6 (see Recipes) 

71. 1 M Tris-HCl, pH 7.5 (see Recipes) 

72. 0.5 M Tris-HCl, pH 6.8 (see Recipes) 

73. 10% Triton X-100 (v/v) (see Recipes) 

74. 10% SDS (w/v) (see Recipes) 

75. IP/wash buffer A (see Recipes) 

76. Wash buffer B (see Recipes) 

77. Protein standard (BSA) (64 mg/mL) (see Recipes) 

78. 1Ĭ Laemmli buffer (see Recipes) 

 

 

Equipment 
 

1. Inverted microscope (Leica, DM IL LED) 

2. Neubauer improved cell counting chamber (Assistent, catalog number: 40442702) 

3. Humidified cell culture incubator (any brand) 

4. Brand Accu-jet pro pipette controller (Pro-lab, catalog number: 26330) 

5. Microliter pipettes (GilsonÈ, P1000, catalog number: 10387322; P200, catalog number: 10327282; P20, catalog 

number: 10082012; P2, catalog number: 10635313) 

6. Ice bucket (any brand) 

7. Spectrophotometer or microplate reader (any brand with 750 nm wavelength) 

8. DynaMag-2 magnet (Thermo Fisher Scientific, catalog number: 12321D) 

9. 1.5 mL vertical tube rotator (Stuart, catalog number: SB3) 

10. Microcentrifuge with refrigeration (Thermo Fisher Scientific, catalog number: 75002446) 

11. Microcentrifuge with refrigeration (Thermo Fisher Scientific, catalog number: 75004510)  

12. Chemical fume hood (any brand) 

13. Heating block (any brand with 95 ÁC capacity) 

14. QExactive HF mass spectrometer (Thermo Fisher Scientific, Waltham, Massachusetts, USA)  

 

 

Software 
 

1. MaxQuant: https://www.maxquant.org/ 

2. Perseus: https://www.maxquant.org/perseus/ 

3. R Statistical Software: https://www.r-project.org/ 

4. Microsoft Excel: https://www.microsoft.com/de-de/microsoft-365/excel 

 

 

https://www.maxquant.org/
https://www.maxquant.org/perseus/
https://www.r-project.org/
https://www.microsoft.com/de-de/microsoft-365/excel
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Web resources 

 

1. Ensembl Genome Browser: http://www.ensembl.org/index.html 

2. Proteomics Identification Database (PRIDE): https://www.ebi.ac.uk/pride/ 

3. STRING Database: https://string-db.org/ 

4. Perseus documentation: http://www.coxdocs.org/doku.php?id=:perseus:start 

 

 

Procedure 
 

Table of contents and timeline: 

Part I: Cell culture 

A. Induced pluripotent stem cell culture media and plate preparation (0.5ï1 day) 

B. Induced pluripotent stem cell culture (3ï5 days) 

C. Induced pluripotent stem cell expansion (4ï6 days Ĭ n) 

D. Neural induction (40ï42 days) 

E. (Optional) Nocodazole treatment of the cells (4ï5 h) 

 

Part II: Protein isolation 

F. Cell lysis for total protein isolation (2ï4 h) 

G. Assay protein concentration (0.5ï1 h) 

 

Part III: Immunoprecipitation 

H. Immunoprecipitation (4ï5 h) 

I. Mass spectrometry (variable) 

 

*The timeline may differ from the estimates we provide here depending on the researcher or availability of the 

resources. 

 

General notes on cell culture and immunoprecipitation 

1. Cell confluency is a critical element affecting proper neural induction and differentiation from iPSCs. The 

splitting ratios outlined in this protocol can be cell line dependent. In addition to the ratios mentioned, Table 1 

outlines retrospective statistics on the range of seeding densities from different replicates of the successful 

differentiations using these splitting ratios. We recommend carrying out a small-scale pilot using 6-well plates 

in the initial instance using the splitting ratios and seeding counts outlined here as well as variations to this, 

such as 1:2 and 1:3, after day 10 of neural induction (Figure 1). CRITICAL: It is critical to keep the cell 

density above a certain level while the cells are still progenitors, i.e., still forming rosettes, to avoid their mis-

direction towards other lineages. 

 

Table 1. Example range of cell seeding densities used across different experiments that resulted in 

successful neural differentiation 

* Harvested (per cm2) Seeded (per cm2) 

Day 0 - 350,000ï550,000 

Day 10 1.2 Mioï1.7 Mio 630,000ï730,000 

Day 15 690,000ï1.6 Mio 300,000 

Day 21 820,000ï1.4 Mio 420,000 

Day 28 480,000ï850,000 190,000ï250,000 

*Days since day 1 of neural induction (Mio: million) 

 

2. It is advised to evaluate the cultures at different timepoints via immunostaining for marker proteins such as 

PAX6 (for neural stem cells); MAP2, CTIP2, SATB2, CUX1 (for neurons); and FOXG1 (forebrain). 

http://www.ensembl.org/index.html
https://www.ebi.ac.uk/pride/
https://string-db.org/
http://www.coxdocs.org/doku.php?id=:perseus:start
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Figure 1. Images of cells a few hours after splitting at different stages of neural differentiation. Scale bars: 

200 ɛm. 

 

3. Although a large amount of material is required to interrogate the full proteomic profile of the 10 baits, an 

advantage of this method is that the samples can be created in batches. That is, as long as all the proteomic 

samples across all replicates are run together on the mass spectrometer, not all of the 10 baits plus the negative 

controls need to be immunoprecipitated at the same time. For example, it is possible to carry out four 

immunoprecipitations of different baits plus a negative control in one batch, and the rest of the six 

immunoprecipitations plus a negative control in another batch for that cell type. The highly reproducible neural 

differentiation plus proteomic analysis across the four replicates makes this possible. However, if microtubule-

dependent and microtubule-independent proteomic interactions are being interrogated for a particular bait (e.g., 

CEP120 in neural progenitors), the cells from the same batch of differentiation should be divided into 

nocodazole and DMSO treatments, and immunoprecipitated using the same antibody(s). 

4. The protocol can easily be adapted to other cultured cell types, as well as primary cells isolated from different 

tissues or from different species, given the sufficient starting amount of isolated total protein for the co-

immunoprecipitations can be obtained and relevant optimizations of the steps are done. 

5. Unless specified otherwise, 1Ĭ PBS at room temperature is used for washing the cells. 

6. It is advised to use pre-warmed media (37 ÁC) when splitting the cells and when changing the media daily. 

 

Part I: Cell culture 

 

A. Induced pluripotent stem cell culture media and plate preparation (TIMING: 0.5ï1 day) 

 

1. Prepare the medium: 

a. When required, remove the mTeSR supplement (5Ĭ) from the freezer and thaw overnight at 2ï8 ÁC 

prior to use.  

b. Aseptically add 100 mL of mTeSR supplement (5Ĭ) to 400 mL of cold (2ï8 ÁC) mTeSR basal medium. 

This mixture is named mTeSR medium hereafter. 

2. Coat the plates: 

a. Thaw Geltrex on ice and dilute 1:100 in pre-cooled DMEM/F-12 medium (at 4 ÁC) to avoid gelling 

the product; mix by turning the Falcon tube upside down a few times. Add 1 mL to each well of a 6-

well plate, swirl the plate to distribute the solution evenly, and incubate in a humidified cell culture 

incubator for at least 2 h or overnight. 
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b. After incubation, remove the coating solution before seeding the cells (Optional: Wash the wells once 

with 1ï2 mL of sterile 1Ĭ PBS). PAUSE POINT: If not using straight away, add 2 mL of 1Ĭ PBS per 

coated well, wrap the plate with parafilm, and store at 2ï8 ÁC for up to one week.  

 

B. Induced pluripotent stem cell culture (TIMING: 3ï5 days) 

 

Note: Before thawing the cells, have the Geltrex-coated plate(s), medium, ROCK inhibitor ready, and warm the 

water bath to 37 ÁC. 

 

1. Prepare mTeSR medium supplemented with 10 ɛM ROCK inhibitor (1:1,000 dilution of 10 mM stock 

solution) sufficient for thawing and seeding the iPSCs as described below (hereafter referred to as 

mTeSR+ROCKi). 

2. Pre-warm 3ï4 mL of mTeSR+ROCKi to 37 ÁC in a 15 mL Falcon. 

3. Rapidly thaw a vial of viable iPSCs frozen at a density of 2 Ĭ 105ï1 Ĭ 106 (or one well of a 6-well plate) 

by placing the cryovial in a water bath at 37 ÁC for 1ï2 min (until a tiny ice particle remains). 

4. Using a 1 mL sterile pipette, transfer the cells into the pre-warmed 15 mL Falcon tube containing 

mTeSR+ROCKi. TIP: Disinfect the cryovial with 70% ethanol before opening.  

5. Centrifuge at 300Ĭ g for 4 min at room temperature and remove the supernatant. 

6. Resuspend the cells in 1.5ï2 mL of mTeSR+ROCKi. Remove the Geltrex/PBS from the Geltrex-coated 

plate and add the cell suspension mixture to a single well of the 6-well plate (or up to three wells, with at 

least 1.5 mL final media in each). 

7. Rock the plate side-to-side in both directions to evenly distribute cells in the well and incubate at 37 ÁC, 

5% CO2. 

8. The next day, remove the medium, wash the cells once with 1Ĭ PBS, add 1.5 mL of fresh mTeSR without 

ROCK inhibitor per well, and incubate at 37 ÁC, 5% CO2.  

9. Replace the medium with 1.5 mL of fresh mTeSR every day until the cells are 80% confluent. Optional: 

When the cells are more than ~70% confluent, 2 mL of medium can be used instead. 

10. It is good practice to observe iPSC lines under a phase contrast microscope daily to check for iPSC-like 

morphology, presence of differentiated cells, and confluency (Figure 2). 

 

 

 

Figure 2. Induced pluripotent stem cells (iPSCs) at different growth phases. A) A few days after 

splitting. Cells might look larger, with loose cell-to-cell contacts. B) Semi-confluent stage. Center of the 

colonies has round cells with tight contacts, while the growing edges contain looser cells. C) With high 

confluency, most of the iPSCs become round and compact with tight cell-to-cell contacts. Scale bars: 200 

ɛm. 

 

C. Induced pluripotent stem cell expansion (TIMING: 4ï6 days Ĭ n) 

 

Notes: 

a. Here, we describe splitting the cells from one well of a 6-well plate to six wells (1:6 splitting ratio). Size 

of the plates, volumes, and the ratio can be up- or down-scaled. 

b. Have a 6-well plate coated with Geltrex ready on the day of splitting. 
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c. We describe here the passaging of the iPSCs using a combination of enzymatic and mechanical approaches. 

First, the wells are treated with Collagenase IV to soften the basement membrane, and then the cell clumps 

are collected using a cell scraper and further dissociated mechanically. 

d. Dilute the Collagenase IV 1/4 in 1Ĭ PBS and keep aliquots in Falcons at -20 ÁC. Once thawed, working 

solution can be kept at 2ï8 ÁC for a few weeks and should not be re-frozen. 

 

1. For splitting the cells, pre-warm at least 1 mL of Collagenase and 9 mL of mTeSR to 37 ÁC. Volumes can 

be slightly increased to account for pipetting loss. 

2. Aspirate the media from the well and add 2 mL of sterile 1Ĭ PBS. Swirl the plate a few times and remove 

the PBS. 

3. Add 1 mL of Collagenase (1/4 in 1Ĭ PBS) to the well, distribute equally by swirling, and incubate the plate 

at 37 ÁC for 5 min (no more than 8 min, as the cells should not detach at this stage yet). 

4. Aspirate Collagenase and add 1 mL of 1Ĭ PBS or mTeSR. 

5. Scratch the well first with a 200 ɛL pipette tip at different directions to break cell colonies. Then, use a 

cell scraper to detach the cells from the plate completely.  

6. Using a 1 mL pipette (or a serological pipette, depending on the number of wells) transfer the cells into a 

15 mL Falcon and centrifuge at 300Ĭ g for 4 min at room temperature. Alternatively, keep the falcon at 

room temperature for 5ï8 min for the cell clumps to precipitate to the bottom of the Falcon tube. 

7. While cells are spinning, add 1 mL of mTeSR (pre-warmed to 37 ÁC) to each of the six Geltrex-coated 

wells. 

8. Once cells have finished spinning, aspirate the supernatant and resuspend the cell pellet in 3 mL of fresh 

mTeSR, by pipetting the media up and down quickly 5ï8 times. CRITICAL: Make sure to have neither 

single cells nor very large cell clumps. Clumps of 10ï30 cells can be ideal. If the cells are too much 

dissociated by mistake, add ROCK inhibitor (10 ɛM final) for one day to help their survival. If the clumps 

are too large, iPSCs tend to differentiate in the middle of the colonies before the plate becomes confluent. 

To avoid large clumps, cells can be pipetted up and down additionally a few times before seeding to break 

them up further. 

9. Add 0.5 mL of resuspended cell mixture to each of the six wells. Rock the plate side to side in both 

directions a few times and incubate the cells at 37 ÁC, 5% CO2. TIP: Avoid swirling the plate, as it will 

cause the cells to accumulate in the center of the well and start differentiating after a few days due to high 

density. 

10. The next day, replace the media with 1.5 mL of fresh mTeSR, and repeat this step every day. Optional: 

When the cells are more than ~70% confluent, 2 mL of medium can be used instead. 

11. Once at 80% confluency, split the cells again. 

12. Continue expansion until having enough cells for neural induction.  

 

D. Neural induction (TIMING: 40ï42 days) 

 

Note: Here, we describe a protocol for generating 60ï100 Ĭ 10 cm dishes with neurons at day 40 of 

differentiation (Figure 3). This can account for 11 immunoprecipitations (IPs) for each of DMSO and 

nocodazole treatments (22 IPs in total, including negative controls) (Figure 4). Number of plates and IPs can 

be up- or down-scaled. For each 10 cm dish on day 0, grow 3ï5 wells of 80% confluent iPSCs (Table 1). Along 

the differentiation, adjust the number of plates to proceed in each splitting according to the final number of 

plates desired. For neurons, calculate some additional plates to account for potential partial detachment of the 

cells, especially after day 35 of the differentiation. 
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Figure 3. Schematic representation of expansion and differentiation of induced pluripotent stem cells 

(iPSCs) towards neurons for co-immunoprecipitation of centrosome proteins with their interactors 

 

 
 

Figure 4. Statistics (A) on the number of plates with day 40 neurons vs. total protein (milligrams) 

obtained in different sparse (B) or normal density (C) batches. Scale bars: 200 ɛm. 

 

1. Dilute Matrigel 1:300 from an 8ï12 mg/mL stock in DMEM/F-12 medium and add 4ï4.5 mL per each of 

the two 10 cm dishes. Leave at 37 ÁC, 5% CO2 from at least 4 h to overnight. 

a. CRITICAL: Do not let the coating dry on any part of the plate, as this alters the attachment of the 

cells and success of the induction. If part of the plate dries out, this might generate a heterogenous 

population of cells, which is impossible to sort out later. Therefore, adjust the coating volume carefully. 

b. Before seeding the cells, remove the coating solution (Optional: Wash with 3 mL of 1Ĭ PBS).  

c. PAUSE POINT: If the coated plates will not be used immediately, store at 4 ÁC after adding 6 mL of 

fresh 1Ĭ PBS up to two weeks.  

2. Pre-warm Accutase and mTeSR medium to 37 ÁC. 

3. Remove the media from 6-well plates containing iPSCs and wash once with 1Ĭ PBS. 

4. Add 0.5ï0.7 mL Accutase to 7ï10 wells containing iPSCs (leave one well for re-splitting as per section 

C1) and incubate at 37 ÁC, 5% CO2 for 5 min (no longer than 8 min) (Optional: Swirl the plate once in 

the middle of the incubation). At the end of the incubation, cells should be suspended in solution mostly 

in single cell form.  

5. After 5 min, add 1 mL of mTeSR or 1Ĭ PBS to each well containing Accutase and carefully collect and 

pool all the cells in a Falcon tube. Centrifuge at 300Ĭ g for 4 min at room temperature. 

6. Remove the supernatant, being careful of the cell pellet. Resuspend the cells with 6 mL of mTeSR at 37 ÁC 
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supplemented with 10 ɛM ROCK inhibitor (mTeSR+ROCKi). 

7. Add 3 mL of cells to each of the 10 cm dishes pre-filled with mTeSR+ROCKi, to have a final volume of 

10 mL. 

a. From our experience, 3ï4 confluent wells of a 6-well plate suffice for seeding a 10 cm dish. 

b. Alternatively, count cells and seed 350,000ï550,000 cells per cm2 of the 10 cm dish (Table 1) and 

adjust the final volume to 10 mL. 

c. CRITICAL: It is important to have a dense cell layer of iPSCs on day 1 for proper neuroectoderm 

induction (Figure 5, Day1). With lower densities, the cells might assume neural crest-like or other 

lineages (Liu et al., 2015; Hindley et al., 2016). 

 

 
Figure 5 Cont. 


