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18 ABSTRACT

19 Microtubule-associated protein 1B (MAP1B) is a crucial cytoskeletal regulator essential 

20 for microtubule dynamics during neurite elongation and is active in growth cones. While its 

21 functions in neuronal development are well-documented, its specific role in glial cells remains 

22 largely unexplored. Here, we investigate Map1b’s function in radial glia and its potential for 

23 facilitating neural repair in zebrafish. We found that knockdown of map1b disrupted the 

24 morphology of radial glial processes and impaired the development of spinal motor neurons, 

25 leading to aberrant swimming behavior. Using transgenic zebrafish models including 

26 Tg(gfap:eGFP) and Tg(mnx1:eGFP), we found that map1b depletion significantly shortened 

27 both radial glial processes and motor neuron axons. Specific depletion of map1b expression in 

28 radial glia caused abnormalities in motor neurons. Mechanistically, we identify that MAP1B 

29 interacts with FIGN and is required for normal FIGN-associated microtubule regulation using 

30 rat radial glia, RFL-6 cells, and HEK293T. Of notable therapeutic interest, overexpression of 

31 mammalian MAP1B accelerated axonal regrowth following traumatic spinal cord injury and 

32 restored motor function. Collectively, our findings establish MAP1B as a dual regulator of glial 

33 morphogenesis and neural repair, revealing a novel therapeutic strategy for spinal cord injury 

34 that targets cytoskeletal plasticity.
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37 INTRODUCTION

38 Microtubule-associated protein 1B (MAP1B) is a versatile cytoskeletal regulator critical 

39 for nervous system development. Canonically, MAP1B is enriched in the cytoplasm of growing 

40 axons and growth cones (Black et al., 1994; Nozumi et al., 2009), where it stabilizes 

41 microtubules and interacts with actin to orchestrate neurite elongation, branching, and neuronal 

42 migration (Gonzalez-Billault et al., 2001; Tymanskyj et al., 2012). This well-established 

43 cytoplasmic role underpins many of its functions, and its dysfunction is linked to a range of 

44 neurodevelopmental disorders, from sensorineural hearing loss to intellectual disability, and 

45 structural brain malformations like periventricular heterotopia (PH) (Cui et al., 2020; Heinzen 

46 et al., 2018; Walters et al., 2018).

47 However, the complexity of MAP1B function has recently been expanded by a landmark 

48 study from Merino et al. (Merino et al., 2026). By profiling the nuclear and cytosolic proteome 

49 of neural stem cells (NSCs), they uncovered a substantial nuclear pool of MAP1B. Their work 

50 demonstrates that MAP1B dynamically shuttles to the nucleus, where it interacts with the 

51 BRG1-containing BAF chromatin remodeling complex. Intriguingly, nuclear MAP1B 

52 promotes NSC maintenance, which is functionally opposite to its role in the cytoplasm, where 

53 it facilitates neuronal differentiation. This study thereby established MAP1B as a dual-function 

54 protein capable of directly linking cytoskeletal dynamics to transcriptional regulation, a finding 

55 with profound implications for understanding neurodevelopment and disease.

56 Despite these advancements, a significant gap remains in our understanding of MAP1B’s 

57 role in glial cells—a cell type where its function is largely unexplored. Radial glial cells (RGCs) 

  



58 are not only progenitors but also provide essential scaffolds for neuronal migration and axon 

59 guidance (Jurisch-Yaksi et al., 2020). Given that the nuclear-cytoplasmic shuttling of MAP1B 

60 is crucial for NSC fate decisions in the developing cortex (Merino et al., 2026), we 

61 hypothesized that MAP1B may have equally important, yet distinct, functions in radial glia, 

62 potentially via both its canonical cytoplasmic roles and its newfound nuclear capacities.

63 In addition to its role in neural development, MAP1B has been studied for its function in 

64 neural regeneration. MAP1B regulates growth cone guidance and suppresses branching of 

65 regenerating axons (Bouquet et al., 2004). In the peripheral nervous system, MAP1B restricts 

66 axon branching of regenerating dorsal root ganglion (DRG) axons in vitro (Barnat et al., 2016), 

67 suggesting its involvement in axonal regeneration through branch modulation. Notably, prior 

68 studies implicated MAP1B in axon growth, growth cone behavior, and regeneration-associated 

69 neurite remodeling, but direct in vivo evidence testing whether MAP1B modulation can 

70 enhance spinal cord repair remains limited.

71 In this study, using in vivo zebrafish models, we address this hypothesis by investigating 

72 the specific function of MAP1B in spinal cord radial glia. We demonstrate that MAP1B is 

73 essential for the morphogenesis of radial glial processes and thereby regulates the development 

74 of spinal motor neurons. Mechanistically, we identify that MAP1B interacts with FIGN and is 

75 required for normal FIGN-associated microtubule regulation. Finally, leveraging a spinal cord 

76 injury (SCI) model, we reveal the therapeutic potential of MAP1B by showing that its 

77 overexpression accelerates axonal regrowth and functional recovery. These findings define a 

  



78 novel MAP1B-FIGN signaling axis, extend its functional repertoire from NSCs to glia, and 

79 position MAP1B as a promising target for promoting neural repair.

  



80 MATERIALS AND METHODS

81 Animals

82 All the studies reported here were submitted to and approved (S20220311-001) by the 

83 Animal Care and Use Committee of Nantong University. All zebrafish were obtained from the 

84 Zebrafish Laboratory of Nantong University. Zebrafish were maintained at 28.0°C under a 

85 14/10-hour light/dark cycle. The zebrafish strains used in this study were AB, Tg(mnx1:eGFP) 

86 ml2Tg, Tg(gfap:eGFP) mi2001Tg, and Tg(coro1a:eGFP) hkz04tTg. Sprague-Dawley rat pups 

87 (postnatal day 1) were purchased from the Laboratory Animal Center of Nantong University.

88 Microinjection

89 Morpholino oligonucleotides (MO) were purchased from Gene Tools (USA). map1b 

90 gRNAs were designed manually after obtaining sequence information from NCBI. The 

91 sequences of zebrafish map1b splicing MO and three map1b gRNAs used in this study are 

92 listed in Supplementary Table S1. A plasmid encoding mouse Map1b (Gene ID: 29456, 

93 XM_039101889.2) was purchased from Shenzhen Yanming Biotechnology Co., Ltd. (China), 

94 and the coding sequences were cloned into the pEGFP-C1 vector. For rescue experiments, 

95 capped mouse Map1b mRNA was synthesized using the mMessage mMachine T7 Kit to 

96 transcribe the template prepared by PCR using primers T7-EGFP-F and SV40pA-R 

97 (Supplementary Table S1) and mouse Map1b cDNA clone pEGFP-Map1b.

98 Trimmed glass capillaries were used to inject 1 nL of MO (0.5, 0.7, or 1.0 mM, as specified 

99 in the Results, purchased from GeneTools, USA) into zebrafish embryos at the one-cell stage 

  



100 at concentrations of 0.5 mM, 0.7 mM, and 1.0 mM. map1b gRNA (100 ��HN�� synthesized by 

101 Genscript, China) and Cas9 mRNA (300 ��HN�� prepared from pGH-T7-zCas9 (Liu et al., 2014) 

102 using mMessage mMachine T7 kit (AM1344, ThermoFisher, USA)) were mixed and injected 

103 into 1-cell stage embryos. map1b gDNAs (100 ��HN�; were mixed with NgAgo mRNA (340 

104 ��HN�; and injected into 1-cell stage embryos. 

105 For chimeric labeling of gfap+ cells, microinjections of 50 ng/uL pEGFP-gfap 

106 (Intron1/5’/Exon1) (Bernardos & Raymond, 2006) with 0.7 mM map1b MO were performed. 

107 To achieve gfap+ cell-specific downregulation of map1b, pTol2-mnx1:EGFP-

108 gfap:mCherry-map1b_shRNA (40 ��HN�� controlled by a plasmid containing control shRNA), 

109 constructed based on the test results of three siRNAs targeting zebrafish map1b 

110 (Supplementary Table S1), was injected with 50 ��HN� SHT transposase mRNA (Wang et al., 

111 2024). Post-injection, embryos were maintained at 28.0°C and treated with 0.2 mM PTU in 1× 

112 E3 Buffer from 12 hpf to inhibit pigmentation and facilitate visualization. Embryos were also 

113 cultured in 1× E3 Buffer for behavioral tests. Similarly, rescue of map1b shRNA-mediated 

114 knockdown was performed using pTol2-mnx1:EGFP-gfap:mCherry-T2A-Map1b-

115 map1b_shRNA, which contains an additional murine Map1b coding region following the 

116 mCherry open reading frame, interspaced with T2A peptide. 

117 Three siRNAs were designed by GenCefe Biotech Co, Ltd., China, for downregulation of 

118 map1b in zebrafish (Supplementary Table S1), and injected at a concentration of 50 N�0 Based 

119 on the knockdown efficiency of these siRNAs, map1b-zebrafish-3642 was selected for shRNA 

120 plasmid (pTol2-mnx1:EGFP-gfap:mCherry-map1b_shRNA) construction, in which the map1b 

  



121 shRNA was placed in the 3’ UTR following mCherry driven by the gfap promoter from 

122 pEGFP-gfap (Intron1/5’/Exon1). For simultaneous radial glia and CaP neuron labeling and 

123 map1b depletion, pTol2-mnx1:EGFP-gfap:mCherry-map1b_shRNA was injected into 1-cell 

124 stage zebrafish embryos, using pTol2-mnx1:EGFP-gfap:mCherry-control_shRNA as a control.

125 At least five clutches of fertilized eggs were mixed, randomly separated into groups and 

126 injected prior to the following experiments.

127 Zebrafish behavior analysis

128 Individual zebrafish were placed in a 24-well plate and tracked continuously for 1 hour 

129 with light following a 30-minute acclimation period in a DanioVision system (Noldus, 

130 Netherlands). Data analysis and video recording were conducted using the Noldus Ethovision 

131 XT 13 software.

132 Live imaging of zebrafish embryos

133 Depending on the type of transgenic zebrafish, embryos were embedded in 0.8% low-

134 melting-point agarose for confocal imaging. To obtain clear images, embryos were 

135 anesthetized with E3 buffer containing 0.16 mg/mL tricaine. Confocal imaging was performed 

136 using a Zeiss LSM 900 microscope. Image analysis was carried out with ZEN (Zeiss, Germany) 

137 and ImageJ (https://imagej.net/software/fiji/).

  



138 Spinal cord injury

139 Spinal cord injury in zebrafish was performed as previously described (Dong et al., 2025). 

140 Briefly, zebrafish at 30 hours-fertilization (hpf) were anesthetized by placing them in E3 buffer 

141 containing 0.168 mg/mL tricaine (A5040, Sigma, USA), and a 1 mL insulin pen needle (4 mm 

142 x 32 G) was used to create a wound on the dorsal side opposite to the cloacal opening.

143 Cell Culture

144 GFAP+ cells: Sprague-Dawley rat pups (postnatal day 1) were anesthetized with isoflurane. 

145 The spinal cords were dissected and digested, and cell suspensions were filtered through a 

146 sterile 75 N1 filter. After filtration, the collected cells were allowed to adhere to the plate for 

147 30 minutes. Heterogeneous cells were removed as much as possible (GFAP-positive cells 

148 adhere to the plate slowly). Cells were seeded into culture flasks. Once the cells reached 

149 confluence, they were cultured in DMEM/F12 medium supplemented with 10% fetal bovine 

150 serum, 0.5 mM glutamine and 1% penicillin-streptomycin. Cultures were passaged and purified. 

151 GFAP-positive cell cultures with a glial fibrillary acidic protein (GFAP) positivity rate of 95% 

152 were considered suitable for subsequent experiments.

153 HEK-293T and RFL-6: Human renal epithelial cell line 293 T derived from human 

154 embryonic renal cells and rat lung-derived fibroblast cell line RFL-6 were cultured in DMEM 

155 supplemented with 10% fetal bovine serum, 0.5 mM glutamine, and 1% penicillin-

156 streptomycin. All cells were incubated in a humidified atmosphere of 95% air and 5% CO2 at 

157 37°C.

  



158 Neurons: On the 18th day of pregnancy, Sprague-Dawley rats were anesthetized with ether. 

159 Subsequently, they were sacrificed by cervical dislocation and immersed in 75% ethanol for 

160 30 seconds. The fetal rats were then carefully retrieved. Their heads were severed and placed 

161 in precooled Hanks' dissection buffer for washing. Next, the cerebral cortex of the fetal rats 

162 was dissected out, and 0.25% trypsin digestion solution was added. The digestion process was 

163 carried out at 37°C for 12 minutes, during which the mixture was gently shaken for 15 seconds 

164 every 4 minutes. After digestion, the trypsin solution was discarded, and serum was added to 

165 halt the digestion reaction. The tissue was then thoroughly pipetted to ensure uniform mixing. 

166 The cell suspension was passed through a AE�N1 mesh (400 mesh) and centrifuged at 1000 × 

167 g for 5 minutes. The supernatant was discarded, and the cell pellet was resuspended in 

168 DMEM/F12 complete medium. The cells were seeded at a density of 5 × 105 cells per square 

169 centimeter in poly-L-lysine-coated dishes. After 4–6 hours of incubation, the medium was 

170 replaced with Neurobasal complete medium.

171 For Map1b knockdown, cells were electroporated with Map1b siRNA (Supplementary 

172 Table S1) at 275V, 1.0 ms, and were cultured in a 35-mm dish for 24 hours prior to further 

173 observation of examination.

174 Reverse transcription–(quantitative) polymerase chain reaction (RT–(q)PCR)

175 For zebrafish samples, total RNA was extracted from homogenized tissue using a Quick 

176 RNA Extraction Kit (Yishan, China), followed by reverse transcription into cDNA with a 

177 Quick Reverse Transcription Kit (Vazyme, China) according to the manufacturer’s instructions. 

178 Primers used for RT–PCR including map1b MO F/R for detection of the knockdown efficiency 

  



179 of map1b MO are listed in Supplementary Table S1. PCR products were analyzed by agarose 

180 gel electrophoresis.

181 For cell samples, total RNA was extracted using the Quick RNA Extraction Kit, reverse-

182 transcribed to cDNA, quantified to 100 ��HN�� and used for RT–qPCR to assess the 

183 knockdown efficiency of Map1b.

184 Cell proliferation assays

185 Cells were transfected and, after 24 hours, seeded into 96-well plates at a density of 2×10³ 

186 cells per well. After 24 hours, cells were fixed with 4% PFA and cell proliferation was assessed 

187 using the EdU Cell Proliferation Kit (Beyotime, China).

188 Immunohistochemistry and immunocytochemistry

189 Zebrafish embryos were harvested and fixed in 4% paraformaldehyde for 30 min, blocked 

190 with GCB containing 10% v/v goat serum (SL038, Solarbio, China), and incubated overnight 

191 with primary antibody Anti-MAP1B (Rabbit, 1:400, 21633-1-AP, Proteintech, China) for 4 

192 days, followed by incubation with Alexa Flour 647-conjugated AffiniPure Goat Anti-Rabbit 

193 IgG (H+L) (1:1000, Jackson ImmunoResearch laboratories, USA) for 48 hrs, for visualization 

194 of Map1b expression. Images were taken on a Zeiss Axio Imager M2 with Apotome 2 or Zeiss 

195 LSM 900 with Airyscan 2.

196 For observation of microtubules and F-Actin, cells were fixed with a buffer containing 4% 

197 paraformaldehyde, 0.2% glutaraldehyde, 1 × PHEM buffer, and 0.1% Triton X-100 for 20 min, 

  



198 blocked with GCB containing 10% v/v goat serum (SL038, Solarbio, China), 3% w/v BSA 

199 (V900933, Merck), and 3% v/v Triton X-100 (C03-03001, Bioss, China) in 1× PBS, and 

200 incubated overnight with primary antibody Anti-MAP1B (Rabbit, 1:400, 21633-1-AP, 

201 Proteintech, China). The next day, cells were washed with 1× PBS (3× 10 minutes), incubated 

202 with �� 
�U� ���.
��'�A (Mouse, 1:1000, C4585, Sigma, USA)�Phalloidin-TRITC (for F-

203 Actin staining, 200 nM, HY-P2270, MedChemExpress, USA)�Alexa Flour 647-conjugated 

204 AffiniPure Goat Anti-Rabbit IgG (H+L) (1:1000, 111-165-003, Jackson ImmunoResearch 

205 laboratories, USA) for 1 hour and 45 minutes, followed by DAPI (5 µg/mL in 1x PBS, D9542, 

206 Sigma) for 15 minutes, and washed with PBS (3× 10 minutes). Slides were mounted with 

207 Fluoromount-G mounting medium (0100-01, Southern Biotech, USA) and images were 

208 captured using a Zeiss LSM 900 with Airyscan 2 confocal microscope. 

209 Rat GFAP+ cells were transfected with siRNA (400 nM, Map1b-specific or Control) in 

210 combination with 50 ��HN� pmCherry-C1 or -1'������%�9W�>?@% plasmid using NEPA 

211 Electroporator (275V, 2.0 ms). Cells were cultured for 48 hrs before fixation in a buffer 

212 containing 4% paraformaldehyde, 0.2% glutaraldehyde, 1 × PHEM buffer, and 0.1% Triton X-

213 100 for 20 min. The cells were then stained using mouse anti-Ace-tubulin (Abcam ab24610, 

214 1:500) and Rat anti-Tyr-tubulin (Abcam ab6160, 1:1000) and then secondary antibodies: Alexa 

215 Fluor 488 AffiniPure Goat Anti-Rat IgG (H+L) (Jackson ImmunoResearch Laboratories, USA, 

216 111-545-003, 1:800) and Alexa Fluor 647 AffiniPure Goat Anti-Mouse IgG (H+L) (Jackson 

217 ImmunoResearch Laboratories, USA,115-605-003, 1:800). Nuclei were stained using DAPI 

218 (MeilunBio MA0128, 1:2000). Cells were washed in PBS for 10 min three times and mounted 

219 using Fluoromount-G (Southern Biotech, USA) and imaged using a Zeiss LSM 900 with 

  



220 Airyscan 2 confocal microscope.

221 For analysis of Tyr-tubulin and FIGN in Map1b knockdown cells, primary antibodies: 

222 anti-tyrosinated Tubulin(Rat, 1:800, ab6160, Abcam, UK) and anti-FIGN (Mouse, 1:100, sc-

223 514956, Santa Cruz, USA), and secondary antibodies Alexa Fluor 488 AffiniPure Goat Anti-

224 Rat IgG (H+L), Alexa Flour cy3-conjugated AffiniPure Goat Anti-Mouse IgG (H+L), Alexa 

225 Flour 488-conjugated AffiniPure Goat Anti-Mouse IgG (H+L), and Alexa Fluor cy3-

226 conjugated AffiniPure Goat Anti-Rat IgG (H+L) purchased from Jackson ImmunoResearch 

227 Laboratories were used.

228 Western blot

229 Cells were electroporated with using NEPA Electroporator (275V, 1.0 ms) to knock down 

230 Map1b, Map1b- or control- siRNA was used at a concentration of 40 N� (siRNA sequence 

231 listed in Supplementary Table S1), then seeded into culture dishes. After 48 hours, cells were 

232 lysed with buffer containing protease and phosphatase inhibitors. Total protein was extracted, 

233 quantified, and separated by SDS-PAGE. Proteins were transferred to a PVDF membrane 

234 (Millipore, Boston, MA, USA), blocked with 5% milk, and incubated overnight at 4°C with 

235 primary antibodies anti-MAP1B (Rabbit, 1:800, 21633-1-AP, Proteintech, China), anti-

236 GAPDH (Mouse, 1:1000, Proteintech, China), anti-FIGN (Mouse, 1:100, sc-514956, Santa 

237 Cruz), anti-tyrosinated Tubulin(Rat, 1:800, ab6160, Abcam, USA), and �� 
�XHU�"���.
� 

238 (Rabbit, 1:4000, 2148S, Cell Signaling Technology, USA). The membrane was washed with 

239 0.1% Tween-20 in 1× TBST (13.9 g Tris-base, 60.6 g Tris-HCl, 90 g NaCl, adjusted to pH 7.6 

240 with double-distilled water) and incubated with secondary antibodies (HRP-Goat anti mouse 

  



241 IgG (H+L) A0216, HRP-Goat anti rabbit IgG (H+L) A0208, and HRP-Goat anti rat IgG (H+L) 

242 A0192, 1:2000, purchased from Beyotime, China) at room temperature for 2 hours. Bands were 

243 visualized and analyzed using ImageJ.

244 Wound healing Assay

245 Cells were transfected and, after 24 hours, seeded into dishes at a density of 5×105 cells. 

246 Wounds were created at 12 hours post-seeding, and migration was observed under a 

247 microscope at 0, 12, and 24 hours. Migration areas were analyzed using ImageJ.

248 Transwell assay

249 Cells were transfected and, after 24 hours, seeded into Transwell chambers (3422, Corning, 

250 USA) at a density of 2×103 cells per well. After 24 hours, cells were fixed with 4% PFA and 

251 stained with crystal violet for 20 minutes at room temperature. Non-migrated cells were 

252 removed with cotton swabs, and migrated cells were imaged and quantified using ImageJ.

253 Live-cell imaging

254 Cells transfected with plasmid EB3-EGFP or LifeAct-EGFP (constructed in-house) were 

255 seeded into glass-bottom confocal dishes (Biosharp, China) at a density of 1×104 cells per well. 

256 After 24 hours, live-cell imaging was performed using a Zeiss LSM 900 confocal microscope.

257 The -1'������W%�9�>?@% (pmCherry-FIGN) plasmid was constructed in-house based 

258 on the methodology described in this article (Li et al., 2020). The pEGFP-MAP1B plasmid was 

259 purchased from Shenzhen Yanming Biotechnology Co., Ltd. (China). Cells transfected with 

  



260 pmCherry-FIGN and pEGFP-MAP1B were seeded into glass-bottom confocal dishes 

261 (Biosharp, China) at a density of 1×104 cells per well. After 24 hours, live-cell imaging was 

262 performed using a Zeiss LSM 900 confocal microscope.

263 Co-immunoprecipitation of MAP1B and FIGN

264 The co-immunoprecipitation (co-IP) methods used in this study have been published 

265 earlier (Sun et al., 2025). GFAP-positive cells were isolated as described above. The cultured 

266 cells were collected, washed twice with PBS, and total proteins were extracted using IP cell 

267 lysis buffer (containing protease inhibitors and phosphatase inhibitors). The concentration of 

268 total proteins was determined using the BCA protein quantification kit (P0009, Beyotime, 

269 China).

270 The above total protein sample was mixed with 6X SDS loading buffer and boiled for 5 

271 minutes (set at 1 N�HN� as the Input control), while the remaining proteins were diluted to 5 

272 N�HN� with IP cell lysate for further use. For every 3 mg of total protein, 3 N� of anti-MAP1B 

273 (Rabbit, 1:800, 21633-1-AP, Proteintech, China) was added and incubated overnight at 4°C 

274 with constant rotation. Protein A/G agarose beads (PR40025, Proteintech, China) were washed 

275 three times with prechilled PBS, mixed with the above sample and incubated at 4°C for 4 hrs. 

276 The mixture was then centrifuged, and the supernatant was kept as post-binding. The beads 

277 were washed using wash buffer for 5 times, and the supernatant was kept as Wash 5. The 

278 sample was mixed with SDS loading buffer and boiled for 10 minutes. Finally, the samples 

279 were centrifuged at 1000 g for 1 minute to completely remove the beads, and the supernatant 

280 was kept. Anti-FIGN (Mouse, 1:100, sc-514956, Santa Cruz, USA) antibody was used to detect 

  



281 any interaction between MAP1B and FIGN. For the reverse co-immunoprecipitation, the same 

282 procedure was carried out using anti-FIGN (Mouse, 1:100, sc-514956, Santa Cruz, USA) 

283 antibody, and anti-MAP1B (Rabbit, 1:800, 21633-1-AP, Proteintech, China) was used to detect 

284 any interaction between FIGN and MAP1B.

285 Detection of FIGN-interacting proteins using mass spectrometry

286 Primary rat neurons were cultured for two days and then were first washed three times 

287 with 1xPBS Subsequently, an appropriate volume of immunoprecipitation lysis buffer (87787, 

288 Thermo, USA) was added to extract total nuclear and cytoplasmic proteins (P0028, Beyotime, 

289 China). The protein concentration was determined using the BCA assay method. The total 

290 proteins were then diluted to a concentration of 1 N�HN�� and a fraction of the sample was set 

291 aside as an input control. Next, 40 N� of Pierce Protein A Plus Agarose (Cat No. PR40025, 

292 Proteintech, China) was carefully aspirated and added to 800 N� of precooled PBS. This 

293 mixture was centrifuged at 5000×g for 1 minute and then washed three times. Using 500 N� of 

294 the protein sample as the experimental system, 40 N� of the washed Pierce Protein A Plus 

295 Agarose was added. The mixture was incubated at 4°C with gentle rotation for 30 minutes. 

296 Following this incubation, the supernatant was centrifuged at 12000 × rpm for 10 minutes at 

297 4°C and then transferred to a new centrifuge tube. According to the proportion specified in the 

298 instructions, 2-5 N� of FIGN antibody (Anti FIGN, sc 514956, Santa Cruz, USA) was added. 

299 As a control group, an equivalent amount of immunoglobulin G (mouse IgG, 3420S, Cell 

300 Signaling Technology, USA) was added. The antigen-antibody mixture was incubated 

  



301 overnight at 4°C in a rotator. Finally, the enriched protein complex was identified by mass 

302 spectrometry.

303 Bioinformatics

304 The sequence information for zebrafish map1b was obtained from NCBI 

305 (https://www.ncbi.nlm.nih.gov). Transcripts of map1b were analyzed using Snapgene 

306 (https://www.snapgene.com), and PCR primers were designed using Primer Premier 5 

307 (http://www.premierbiosoft.com/). Zebrafish development single cell RNAseq dataset 

308 GSE112294 (Wagner et al., 2018) was analyzed for map1b expression. Mouse spinal cord 

309 injury single cell RNAseq dataset GSE172167 (Matson et al., 2022) was analyzed for Map1b 

310 expression.

311 Measurement and statistical analysis

312 With a setting of XY 0.05, power :
�U;YE,Q� Cohen’s d=2.5, the required sample size was 

313 estimated to be roughly five.

314 Axon and process lengths were measured using ImageJ software. All data analysis, 

315 statistical comparisons, and graphing were conducted using GraphPad Prism, adhering to 

316 methods described in our previous studies (Dong et al., 2019).

317 Cell migration was quantified by measuring the area using ImageJ. Live cell data were 

318 tracked manually using the trackmate plugin for ImageJ for EB3 comets and analyzed for 

319 filopodia activity with the Multi Kymograph plugin for Life-Act-eGFP. Microtubule 

  



320 cytoskeleton orientation data were obtained with the OrientationJ plugin in ImageJ. All figures 

321 were prepared using Adobe Illustrator 2021.

322 One-way analysis of variance (ANOVA) with Dunnett’s multiple comparisons tests and 

323 Student’s t-test was used to assess significance of differences. Data are presented as Mean±

324 S.D..

325 RESULTS

326 Depletion of map1b causes deficit in zebrafish motor function

327 To explore the potential role of Map1b in nervous system development, we first analyzed 

328 published single-cell RNA sequencing data (Wagner et al., 2018) of early zebrafish 

329 embryogenesis. The data (Figure 1A) revealed broad expression of map1b across multiple 

330 neural lineages, suggesting its involvement in diverse neurodevelopmental processes. In 

331 addition to its high expression in neurons, map1b is notably expressed in radial glia (gfap+) 

332 during early development (Figure 1B). This initial broad expression pattern prompted us to 

333 investigate its general impact on neural function.

334 To verify map1b distribution during early zebrafish development, we conducted 

335 immunofluorescence analysis at 24 and 54 hours post-fertilization (hpf) in transgenic zebrafish 

336 line Tg(gfap:eGFP). Using structured illumination microscopy for optical sectioning, Map1b 

337 was found widely expressed in various tissues including the spinal cord (Supplementary Figure 

338 S1A).

  



339 To functionally interrogate map1b, we designed splice-blocking morpholino 

340 oligonucleotides (MOs) targeting the exon 1–intron 1 junction (Supplementary Figure S1B). 

341 RT–PCR and quantitative PCR analyses confirmed a significant and sustained reduction in 

342 map1b mRNA levels from 30 hours post-fertilization (hpf) through 72 hpf following MO 

343 injection, indicating effective and persistent knockdown (Supplementary Figure S1C, D). The 

344 reduced intensity of the bands may be due to the decay of mis-spliced transcripts. 

345 We next performed behavioral analyses on zebrafish larvae subjected to map1b 

346 knockdown at 7 dpf to identify any deficits in motor function. Compared to controls, map1b 

347 knockdown larvae exhibited a significant decrease in swimming velocity (Figure 1C, D). 

348 Critically, co-injection of map1b MO with Map1b mRNA to restore Map1b function rescued 

349 these behavioral deficits to the control level (Figure 1C, D). Furthermore, CRISPR/Cas9-

350 generated map1b crispants recapitulated the same behavioral phenotypes observed with MO 

351 knockdown (Supplementary Figure S1E, F). Together, these results suggest that decreased 

352 map1b expression directly causes locomotor abnormalities in zebrafish.

353 To assess the morphological consequences of map1b loss, we examined spinal motor 

354 neurons in Tg(mnx1:eGFP) transgenic zebrafish, which express EGFP. At 30 and 54 hpf, 

355 knockdown of map1b resulted in a notable shortening of axons in caudal primary neurons 

356 which are labeled by the mnx1:eGFP transgene and project their axons ventrally (Figure 1E-

357 H). In addition, map1b knockdown did not affect the migration of coro1a+ cells into the central 

358 nervous system at 72 hpf (Supplementary Figure S1G, H). 

  



359 Together, these results suggest that decreased map1b expression directly causes locomotor 

360 abnormalities in zebrafish. However, due to the global distribution of MO and CRISPR/Cas9, 

361 the downregulation of map1b is not cell type specific. As a result, the observed deficits of 

362 motor function and motor neuron axon growth might not be solely due to loss of Map1b in 

363 neurons. This raised a crucial question: what specific cell types mediate these observed 

364 developmental defects, particularly given the prominent expression of map1b in radial glia?

365 Depletion of map1b in radial glia disturbs axon growth in CaP motor neurons

366 Building upon the general developmental defects observed in map1b knockdown zebrafish, we 

367 next focused on the specific role of Map1b in radial glial cells (RGCs), a cell type where its 

368 function is largely unexplored despite their crucial role in nervous system development and as 

369 scaffolds for neuronal migration and axon guidance (Johnson et al., 2016; Jurisch-Yaksi et al., 

370 2020; Miranda-Negron & Garcia-Arraras, 2022). We hypothesized that Map1b in radial glia 

371 might non-cell-autonomously influence neuronal development.

372 While Map1b's functions in neurons are well-documented (Dajas-Bailador et al., 2012; 

373 Tint et al., 2005; Tymanskyj et al., 2012; Yang et al., 2012; Ziak et al., 2024), its role in glial 

374 cells remains poorly understood. Radial glia are crucial supportive cells during nervous system 

375 development. Therefore, we investigated the impact of depletion of map1b on these cells using 

376 Tg(gfap:eGFP) transgenic zebrafish, which specifically label radial glia during early neural 

377 development.

  



378 We found that knockdown of map1b significantly shortened the radial processes of spinal 

379 cord radial glia at both 30 and 54 hpf (Figure 2A–D). This phenotype was fully rescued by co-

380 injecting Map1b mRNA, while overexpression of Map1b further promoted process elongation 

381 (Figure 2A–D). These results indicate that Map1b expression levels is related to the extent of 

382 radial glial process outgrowth. To rule out off-target effects, we employed two independent 

383 gene perturbation methods—the NgAgo-gDNA system (Dong et al., 2023) and CRISPR/Cas9 

384 mutagenesis (crispants)—both of which reproduced similar phenotypes, reinforcing the 

385 specificity of our findings (Supplementary Figures S2, 3). In addition to shorter processes, loss 

386 of map1b led to mispositioning of radial glial cell somata (Figure 2A, B; Supplementary Figure 

387 S2C, D; Supplementary Figure S3C, D).

388 However, in Tg(gfap:eGFP) transgenic animals, radial glia are tightly positioned, and we 

389 were unable to identify single radial glia for morphological observation. We then performed 

390 sparse labeling of individual gfap� cells, by injecting pEGFP-gfap (Intron1/5’/Exon1), to get a 

391 clearer view of the morphological alterations in radial processes, and observed shorter radial 

392 processes (Figure 2E, F). 

393 Having established that map1b is essential for radial glial morphogenesis, we then 

394 investigated the critical question of whether map1b deficiency specifically in radial glia could 

395 affect neurons, thereby mediating the motor neuron defects observed in global map1b 

396 knockdown animals. A pivotal question was whether map1b deficiency specifically in radial 

397 glia could affect neurons. We addressed this by constructing an shRNA expression vector for 

398 glia-specific map1b knockdown under the control of gfap promoter (Supplementary Figure S4). 

  



399 When map1b was downregulated only in radial glia, the axons of spinal motor neurons, whose 

400 own map1b expression remained intact, were markedly shorter (Figure 2G, H). Moreover, 

401 these larvae exhibited reduced motor performance at 7 dpf (Figure 2I, J). This suggests that 

402 normal Map1b function within radial glia is essential for the proper development and function 

403 of neighboring motor neurons, highlighting a critical non-cell-autonomous role for glial Map1b 

404 in shaping neural circuits.

405 Depletion of MAP1B inhibits GFAP+ cell migration and affects microtubule and 

406 actin cytoskeleton in the cell cortex

407 To elucidate the cellular and molecular mechanisms underlying how Map1b in radial glia 

408 influences both glial morphogenesis and, consequently, motor neuron development, we 

409 investigated its function in vitro using primary cultured spinal cord GFAP+ cells isolated from 

410 P1 rats. Given Map1b's known role as a cytoskeleton-associated protein, we focused on its 

411 impact on cell migration and cytoskeletal dynamics. We started by validating the stemness of 

412 these cells by immunostaining of SOX2 and Nestin, and confirmed these cells are positive of 

413 both (Supplementary Figure S5). EdU labeling showed that MAP1B knockdown did not affect 

414 cell proliferation (Figure 3A-D). However, scratch wound healing assays (Figure 3 E, F) and 

415 Transwell migration assays (Figure 3G–I) consistently revealed that MAP1B knockdown 

416 significantly impaired cell migration.

417 Immunofluorescence staining showed co-localization of MAP1B with microtubules and 

418 actin filaments in the cell cortex (Figure 3J). Upon MAP1B depletion, the cortical cytoskeleton 

419 lost its organized polarity (Figure 3K-M). Live-cell imaging provided further mechanistic 

  



420 insight: MAP1B knockdown increased the speed and travel distance of EB3 comets (marking 

421 growing microtubule plus-ends) but reduced comet density per unit area (Figure 3N, O). 

422 Concurrently, the dynamic activity of lamellipodia, including protrusion/retraction switching 

423 frequency and velocity, observed using LifeAct (Ryan et al., 2017), was markedly diminished 

424 (Figure 3P, Q). These findings indicate that MAP1B regulates migratory capacity of radial glia 

425 by modulating the dynamics and organization of the cortical microtubule and actin networks, 

426 providing a cellular mechanism for the observed defects in radial glial morphology and their 

427 ability to support neuronal development.

428 MAP1B regulates cell migration by controlling function of FIGN

429 Having identified that MAP1B regulates radial glial migration and cytoskeletal 

430 organization, we next sought to uncover the molecular players mediating these effects. The 

431 observed increase in EB3 comet travel speed in MAP1B-depleted cells suggested altered 

432 microtubule plus-end stability, potentially due to attenuated microtubule-severing activity. 

433 Based on prior co-immunoprecipitation coupled with mass spectrometry (Co-IP/MS) analysis 

434 in neurons, we identified a putative interaction between MAP1B and the microtubule-severing 

435 protein Fidgetin (FIGN) (Supplementary Table S2), prompting us to investigate this interaction 

436 further.

437 Interestingly, knockdown of FIGN produced phenotypes strikingly similar to those seen 

438 after MAP1B depletion: extended microtubule labile domain (reported in our previous study 

439 (Hu et al., 2017), and also shown with elongated EB3 comet travel distance in Figure 4A, B) 

440 and reduced lamellipodial activity (protusion/retraction velocity and switching frequency, 

  



441 Figure 4C, D). This hinted at a functional connection. We then sought to verify if there is a 

442 direct physical interaction between MAP1B and FIGN. Plasmids expressing mCherry-FIGN 

443 and EGFP-MAP1B, respectively, were transfected into HEK293T cells, and co-

444 immunoprecipitation assays were performed to detect the interaction between mCherry-FIGN 

445 and EGFP-MAP1B (Figure 4E, F). Fluorescence co-localization (Figure 4G, H) and Förster 

446 resonance energy transfer (FRET) experiments (Supplementary Figure S6) in GFAP+ cells 

447 further suggested that the two proteins form a complex.

448 We then tested whether FIGN overexpression could compensate for the loss of MAP1B 

449 by expressing Fign in Map1b-depleted GFAP+ cells. However, expressing Fign in MAP1B-

450 knockdown cells failed to rescue the disrupted cytoskeletal polarity (Figure 4I). Furthermore, 

451 while FIGN remained associated with microtubules after MAP1B depletion (Figure 4J), its 

452 protein levels were paradoxically elevated, accompanied by an increase in tyrosinated tubulin 

453 (Figure 4K-N), which is a marker of dynamic, labile microtubules, to be severed by FIGN (Hu 

454 et al., 2017; Li et al., 2020; Ma et al., 2023). We examined the mRNA level of Fign after Map1b 

455 knockdown. In consistency to its protein level, Fign mRNA was upregulated after the depletion 

456 of Map1b (Figure 4O). These results suggest that the absence of MAP1B weakens the activity 

457 of FIGN, resulting elevated level of tyrosinated tubulin, which in turn triggers an increase in 

458 the expression of FIGN. These data collectively indicate that FIGN's microtubule-severing 

459 activity is compromised in the absence of MAP1B, positioning MAP1B as a necessary factor 

460 enabling proper FIGN function. This novel MAP1B-FIGN signaling axis provides a critical 

461 mechanism for how MAP1B controls cytoskeletal dynamics in glial cells.

  



462 MAP1B facilitates neuronal regeneration and motor function recovery following 

463 spinal cord injury in zebrafish

464 Beyond its crucial roles in neural development and glial morphogenesis, we also investigated 

465 Map1b's function in the context of neural regeneration. Analysis of single-cell RNA-seq data 

466 from mouse spinal cord after injury (Matson et al., 2022) revealed a dynamic expression pattern 

467 for Map1b: a transient upregulation followed by recession across multiple cell types, 

468 suggesting its involvement in the post-injury repair response (Figure 5A). This dynamic 

469 expression pattern prompted us to test whether manipulating Map1b could facilitate functional 

470 recovery after spinal cord injury.

471 We tested this hypothesis in a zebrafish spinal cord injury model (Figure 5B). Following 

472 injury in Tg(mnx1:eGFP) larvae, knockdown of map1b delayed axonal regrowth, as reflected 

473 by the fluorescence intensity produced by the transgene in motor neurons at the lesion site 

474 (Figure 5C–E), and impaired the recovery of locomotor function at 3 and 7 days post-injury 

475 (Figure 5F–H). Conversely, overexpression of Map1b significantly enhanced axonal regrowth 

476 (Figure 5I–K), and accelerated the restoration of motor function (Figure 5L–N). These results 

477 establish that Map1b expression facilitates neural repair processes after spinal cord injury, 

478 supporting its therapeutic potential beyond its developmental functions.

479 DISCUSSION

480 This study establishes a novel and context-dependent role for MAP1B in the nervous system, 

481 integrating its functions across different cell types and developmental/pathological stages. We 

  



482 demonstrate that beyond its well-characterized roles in neurons, MAP1B is indispensable for 

483 the morphogenesis and function of radial glial cells. Furthermore, we uncover a novel 

484 molecular mechanism—the regulation of the microtubule-severing protein FIGN by 

485 MAP1B—which mediates its effects on the cytoskeleton. Finally, we translate these findings 

486 to a pathological context, showing that MAP1B overexpression significantly enhances motor 

487 recovery after spinal cord injury. Our work, when considered alongside the recent findings of 

488 Merino et al. (2026), supports an emerging view of MAP1B as a master integrator of cellular 

489 state, whose function is exquisitely dependent on its subcellular localization, cell type, and 

490 physiological context.

491 Motor neuron morphology and function relies on radial glial map1b expression

492 Our data extend the canonical view of Map1b as a neuronal cytoskeletal regulator by revealing 

493 a critical non-cell-autonomous role for glial Map1b in shaping neural circuits. The observation 

494 that map1b knockdown in radial glia, sparing its expression in neurons, is sufficient to cause 

495 motor axon shortening and behavioral deficits reveals a non-cell-autonomous mechanism. This 

496 suggests that radial glia, acting as crucial neural progenitors and scaffolds, likely influence 

497 motor neuron development through multiple communication pathways. These pathways could 

498 include contact-mediated guidance, for instance, through direct interactions with neuronal 

499 axons via cell adhesion molecules (CAMs) or extracellular matrix components, providing 

500 physical support and directional cues for axon growth. 

501 The mispositioning of radial glial somata and morphological deficit in radial processes upon 

502 map1b loss may further disrupt this supportive architecture, thereby indirectly affecting 

  



503 neuronal migration and axon pathfinding. Specifically, the altered morphology of radial glial 

504 cells, particularly the shortening of their radial processes and their abnormally positioned 

505 somata, could directly impact neuronal migration pathways and the physical guidance of axons, 

506 leading to impaired motor neuron axon growth (Ferent et al., 2020; Meyerink et al., 2020), as 

507 confirmed by our observation that gfap-positive cell-specific downregulation of map1b lead to 

508 changes in the positioning and morphology of neuron cell bodies and axons (Figure 2G). 

509 Additionally, as a source of neural stem cells, impaired Map1b function in radial glial cells 

510 might affect their proliferation and differentiation capabilities, thereby indirectly influencing 

511 neurogenesis and neuronal integration (Ferent et al., 2020; Meyerink et al., 2020). These 

512 findings align with emerging evidence that glial cells actively sculpt neural circuits and that 

513 their cytoskeletal integrity is fundamental to this role. While this study reveals the non-cell-

514 autonomous effect of Map1b deficiency in radial glial cells on motor neuron development, 

515 future research will need to precisely dissect the underlying communication mechanisms 

516 through more specific functional experiments, such as co-culture experiments, conditioned 

517 medium analysis, or targeted blockade of intercellular signaling pathways.

518 MAP1B-FIGN interaction in cytoskeletal regulation in migrating glia

519 To delve into the molecular underpinnings of how MAP1B regulates radial glial function, as 

520 demonstrated in Results 3.3, our experiments in cultured cells provide mechanistic depth. We 

521 show that MAP1B supports cell migration by modulating cortical microtubule and actin 

522 dynamics. The identification of FIGN as a direct MAP1B interactor offers a precise molecular 

523 handle. The paradoxical increase in FIGN protein and tyrosinated tubulin upon MAP1B 

  



524 knockdown, coupled with the loss of FIGN's functional output (evidenced by elongated EB3 

525 comets), indicates that MAP1B does not recruit FIGN but is in support of its proper 

526 microtubule-severing activity. We propose a model where the MAP1B-FIGN complex locally 

527 fine-tunes microtubule stability and turnover at the cell cortex, which in turn influences 

528 lamellipodial dynamics to drive directed migration (Figure 6). This mechanism is likely 

529 conserved and operational during radial glial morphogenesis in vivo.

530 In zebrafish with overexpressed murine Map1b, in addition to longer radial processes, the cell 

531 bodies of radial glia have greater circularity and stronger fluorescence near the cell membrane, 

532 suggesting structural changes in the cell bodies, which may be related to MAP1B’s function in 

533 the nucleus reported by Merino et al. (2026) and requires further studies. Related to this 

534 morphological change, we observed a slight behavioral change in zebrafish with overexpressed 

535 Map1b, however, this subtle change requires further verification in future studies.

536 MAP1B’s nuclear and cytoplasmic functions

537 The discovery that MAP1B functions in the nucleus to regulate NSC fate (Merino et al., 

538 2026) profoundly reshapes our interpretation of our own results, particularly the morphological 

539 changes observed in radial glia. This highlights a dual-compartment model for MAP1B 

540 function. The nuclear enrichment of MAP1B promotes stemness, while its cytoplasmic 

541 enrichment promotes differentiation. This suggests a fascinating model where MAP1B’s 

542 subcellular ratio is critical for cell fate and morphology. In NSCs, a higher nuclear/cytosolic 

543 ratio sustains progenitor identity. In post-mitotic or non-dividing cells like radial glia, a 

544 predominantly cytosolic localization is crucial for executing morphological and supporting 

  



545 functions, necessary for circuit formation. In our study, the radial glia-specific knockdown of 

546 MAP1B likely impairs the cytoplasmic pro-differentiation and motility functions in these 

547 supportive cells, resulting in stunted glial processes and a failure to properly guide developing 

548 motor neurons. Apart from the morphology of radial glia shaped by Map1b, the morphological 

549 and functional changes in neurons may well be related to the nuclear function of Map1b.

550 This dual-compartment model also offers a powerful lens to reinterpret the etiology of 

551 periventricular heterotopia (PH). Merino et al. (2026) showed that disease-linked MAP1B 

552 mutations lead to nuclear enrichment and enhanced BRG1 binding, causing neuronal ectopia 

553 in organoids. Our data show that MAP1B dysfunction disrupts the cytoskeleton of supporting 

554 glial cells, indirectly impairing neuronal migration via a non-cell-autonomous mechanism. 

555 Therefore, PH might not be a simple "migration disorder" of neurons alone, but a 

556 "developmental niche disorder" where aberrant MAP1B function in both NSCs (within the 

557 nucleus) and glial cells (within the cytoplasm) converges to disrupt the complex environment 

558 required for proper brain formation. This dual-hit hypothesis, combining intrinsic neuronal fate 

559 changes with extrinsic glial support failure, represents a significant conceptual advance.

560 MAP1B as a modulator of neural repair

561 The dynamic regulation of Map1b expression after spinal cord injury and the plausible effects 

562 of its manipulation on regeneration outcomes position MAP1B as a key intrinsic regulator of 

563 repair. Its transient upregulation may represent an early, pro-regenerative response, while its 

564 subsequent decline could contribute to the inhibitory environment of the chronic lesion, as 

565 suggested by (Barnat et al., 2010; Soares et al., 2007; Wang et al., 2022). Our gain-of-function 

  



566 experiments, where Map1b overexpression enhanced both axonal sprouting and functional 

567 recovery, are particularly promising. They suggest that bolstering MAP1B function, potentially 

568 in both neurons and glia, may overcome some of the intrinsic and extrinsic barriers to 

569 regeneration. However, this study is based on larval zebrafish and early injury response, which 

570 is different from the case of adult mammalian SCI. Future work should investigate the efficacy 

571 of manipulating the MAP1B-FIGN axis in adult mammalian SCI models.

572 Strengths and limitations

573 We used zebrafish as a visualizable in vivo model to identify a novel role of Map1b in 

574 regulating neural development via cell-cell interaction, supporting that Map1b is essential for 

575 active cytoskeleton dynamics in radial glia and the proper radial glia scaffold to support neuron 

576 development. However, the larval zebrafish in vivo model, undergoes development during 

577 injury and following observation. Although uninjured baseline data have been included to 

578 correct post-injury recovery data, this study does not directly establish mammalian MAP1B as 

579 an independent therapeutic target for SCI.

580 The FRET experiments were performed in RFL-6 and not radial glia because primary radial 

581 glia were hard to accept both plasmid in the transfection. However, combined with endogenous 

582 co-IP data, the FRET data support the interaction between MAP1B and FIGN. Based on our 

583 observation in radial glia, RFL-6, and HEK-293T cells, the interaction between MAP1B and 

584 FIGN is conserved in various cell types.

  



585 Actin dynamics was affected by the loss of MAP1B in radial glia. Although MAP1B has been 

586 studied in neurons for its function on the cross-talk between microtubules and microfilaments 

587 (Gonzalez-Billault et al., 2001), future studies are required to learn how actin dynamics is 

588 regulated by MAP1B in radial glia.

589 Conclusions and future directions

590 In conclusion, we have uncovered a multifaceted role for MAP1B that bridges glial biology, 

591 cytoskeletal regulation, and neural repair. The study shifts the paradigm by showing that 

592 MAP1B's function in glia is as critical as its role in neurons for circuit formation. The 

593 mechanistic link to FIGN provides a new target for modulating cytoskeletal dynamics in 

594 development and disease. Our findings collectively highlight MAP1B as a master integrator of 

595 cellular state, orchestrating both neuronal and glial functions to maintain nervous system 

596 integrity and facilitate repair, thus offering a comprehensive understanding of its pivotal role 

597 in neurodevelopment and regeneration.

598 Several important questions arise from this work, guiding our future research endeavors. First, 

599 to precisely delineate the non-cell-autonomous mechanism, we will investigate the specific 

600 signals exchanged between MAP1B-deficient radial glia and motor neurons that lead to stalled 

601 axon growth. This will involve employing advanced co-culture systems and in vivo genetic 

602 manipulation in zebrafish, coupled with single-cell transcriptomics and proteomics, to identify 

603 novel paracrine factors or cell-surface adhesion molecules. Second, we aim to determine 

604 whether the MAP1B-FIGN complex exhibits distinct roles across different neural cell types. 

605 This will be achieved through cell-type-specific knockout/knockdown studies in vitro and in 

  



606 vivo, combined with high-resolution imaging techniques like super-resolution microscopy and 

607 FRET, to map the precise spatiotemporal interactions and their functional consequences on 

608 microtubule dynamics and cellular processes in neurons, astrocytes, and oligodendrocytes. 

609 Finally, a critical future direction is to translate these fundamental insights into therapeutic 

610 strategies. We will explore the development of small molecules or gene therapies targeting the 

611 MAP1B-FIGN pathway to promote recovery after central nervous system trauma or in 

612 neurodegenerative conditions. This will involve high-throughput screening for novel MAP1B 

613 agonists or FIGN modulators, and optimizing gene delivery approaches, such as engineered 

614 AAV vectors, to overcome the current limitations of MAP1B cDNA size. Furthermore, 

615 rigorous validation in adult mammalian SCI models will be essential to bridge the gap between 

616 our zebrafish findings and potential clinical applications, paving the way for novel 

617 interventions in neurological disorders.
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717 FIGURE LEGENDS

718

719 Figure 1. Expression pattern of map1b during zebrafish embryonic development, and 

  



720 knockdown of map1b in zebrafish embryos. A–B: Expression pattern of map1b in 

721 developing zebrafish. Data sourced from Wagner et al. (2018) and Daniocell 

722 (https://daniocell.nichd.nih.gov). C: Representative action trajectory plots during two minutes 

723 of free swimming following map1b knockdown by Mos. D: Statistical results of swimming 

724 speed over one hour. One way ANOVA was used with Dunnett’s multiple comparisons test. 

725 E–F: Representative images of spinal motor neuron axon length at 30 hpf and 54 hpf in 

726 Tg(mnx1:eGFP) zebrafish in lateral view. G: Schematic diagram of somites used for statistical 

727 analysis of spinal motor neuron axon length at 30 hpf and 54 hpf. H: Statistical results of spinal 

728 motor neuron axon length following 0.7 mM MOs-mediated knockdown of map1b. 30 hpf, 

729 Ctrl MO and map1b MO, n=10; 54 hpf, Ctrl MO, n=10, map1b MO, n=8. Student’s t-test was 

730 used. *: P<0.05; **: P<0.01; ***: P<0.001; ns: not significant.

731

  



732

733 Figure 2. Depletion of map1b in radial glia cells disrupts localization of radial glia cells 

734 and dampens neurite growth in caudal primary (CaP) neurons. A–B: Representative 

735 images and statistical analysis of radial glia process length following map1b rescue and 

736 overexpression at 30 hpf and 54 hpf in Tg(gfap:eGFP) zebrafish in dorsal view. Integrated 

737 fluorescence along the anteroposterior axis was calculated to show the positioning of radial 

738 glia cell bodies. The peaks (red asterisks) represent the integrated fluorescence of the radial 

739 glial cell bodies along the anteroposterior axis in the zebrafish spinal cord. The black asterisks 

  



740 represent the integrated fluorescence along the anteroposterior axis of the boundaries of the 

741 spinal cord. Intensities were calculated and plotted by integrating the intensity values along the 

742 anteroposterior axis, of the entire length of the imaged region of the fish. C: Statistical analysis 

743 of radial glia process length at 30 hpf following six different experimental treatments. One-

744 way ANOVA test used. Sample sizes: n = (4, 6, 7, 6, 3, 4). D: Statistical analysis of radial glia 

745 process length at 54 hpf following six different experimental treatments. One-way ANOVA 

746 test used. Sample sizes: n = (4, 5, 3, 5, 3, 6). E: Representative images of the radial process 

747 length of sparsely labeled gfap-EGFP+ cells at 30 and 54 hpf following map1b knockdown in 

748 dorsal view. Student’s t-test used. Sample sizes: n = (12, 14). F: Statistical results of the radial 

749 process length of sparsely labeled gfap+ cells at 30 and 54 hpf following map1b knockdown. 

750 Student’s t-test used. Sample sizes: n = (21, 24) cells, from 12 and 14 individuals, respectively. 

751 Student’s t-test was used. G: Fluorescent images of gfap:mCherry+ radial glia and 

752 mnx1:EGFP+ CaP neurons after injection of pTol2-mnx1:EGFP-gfap:mCherry (ctrl shRNA) , 

753 pTol2-mnx1:EGFP-gfap:mCherry-map1b_shRNA (map1b shRNA), or pTol2-mnx1:EGFP-

754 gfap:mCherry-T2A-Map1b-map1b_shRNA (map1b shRNA + Map1b mRNA). H: Statistic 

755 diagram of axonal length of CaP neurons after injection of ctrl shRNA or map1b shRNA. 

756 Student’s t-test was used. I–J: Representative swimming trajectories and statistic diagram of 

757 swimming velocity of zebrafish larvae after injection of pTol2-mnx1:EGFP-gfap:mCherry (ctrl 

758 shRNA), pTol2-mnx1:EGFP-gfap:mCherry-map1b_shRNA (map1b shRNA), or pTol2-

759 mnx1:EGFP-gfap:mCherry-T2A-Map1b-map1b_shRNA (map1b shRNA + Map1b mRNA). 

760 Sample sizes: n = (24, 24, 24) zebrafish. One-way ANOVA was used followed by Tukey’s 

761 multiple comparisons. **: P<0.01; ***: P<0.001; ****: P<0.0001; ns: not significant.
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763 Figure 3. Knockdown of MAP1B inhibits GFAP+ cell migration and affects cortical 

764 microtubule and actin cytoskeleton. A–B: Representative Western Blot images and statistical 

765 analysis showing MAP1B knockdown efficiency. C: Representative images of EdU labeling 

766 showing that proliferation was not affected following MAP1B knockdown. D: Statistical 

767 results of EdU positive cells in panel B. E–F: Inhibition of rat spinal GFAP+ cell migration 

768 following MAP1B knockdown and corresponding statistical analysis. G–I: Schematic diagram  

769 and representative images and statistical analysis of Transwell migration assay. J: 

770 Representative images showing the localization of MAP1B in primary rat spinal GFAP+ cells. 

771 K–M: Representative images and statistical analysis of changes in cell cortical microtubules 

772 and actin cytoskeleton following MAP1B knockdown. Sample sizes for microtubule and actin 

773 analysis: n = (8, 10), n = (16, 31) respectively. N: Representative live-cell imaging of actin 

774 following MAP1B knockdown. O: Statistical diagram of microtubule growth speed, 

775 displacement and count of comet density. Control and Map1b knockdown groups, n = (18, 31), 

776 (18, 28), (20, 30) cells respectively. P: Representative live-cell image following MAP1B 

777 knockdown. Q: Statistic diagram of protrusion/retraction switching frequency and movement 

778 velocity of MAP1B knockdown cells with actin cytoskeleton labeled. For each group, cells 

779 were randomly selected, and from each cell three to five filopodium regions were selected, 

780 measured and averaged for analysis. For protrusion-retraction, n=(8, 8) cells; for protrusion 

781 velocity, n=(7, 12) cells; for retraction velocity, n=(7, 12) cells. C, D, F, I, O, and Q: Student’s 

782 t-test was used. *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.0001; ns: not significant.

783

  



784

785 Figure 4. MAP1B interacts with FIGN to regulate cytoskeleton dynamics. A: 

786 Representative images of EB3 comets following Fign knockdown. B: Statistic diagram of 

  



787 microtubule plus-end displacement and growth speed. Ten cells were selected for analysis in 

788 each group, and three to five comets in each cell were analyzed and averaged. C: Representative 

789 images lamellipodia dynamics in Life-Act labeled cells following Fign knockdown. D: Statistic 

790 diagram of lamellipodia dynamics (protrusion/retraction switching frequency and movement 

791 velocity) of Fign knockdown cells with actin cytoskeleton labeled. For each group, cells were 

792 randomly selected, and from each cell three to five filopodium regions were selected, measured 

793 and averaged for analysis. For protrusion-retraction, n=(8, 8) cells; for protrusion velocity, n=(6, 

794 11) cells; for retraction velocity, n=(6, 11) cells. E–F: Representative images of co-

795 immunoprecipitation of MAP1B and FIGN. GFAP+ cell lysate was immunoprecipitated with 

796 anti-MAP1B or anti-FIGN antibody and immunoblotted with anti-FIGN (E) or anti-MAP1B 

797 antibody (F). G: Representative image of colocalization of mCherry-FIGN and EGFP-MAP1B 

798 in RFL-6 cells. H: Profile of fluorescence intensity of mCherry-FIGN and EGFP-MAP1B in 

799 (G). I: The directional distribution of microtubules is disturbed in MAP1B knockdown cells, 

800 which cannot be rescued by Fign overexpression. n=(10, 8, 11, 12) cells. J: 

801 Immunofluorescence images of FIGN and Tyrosinated tubulin after depletion of MAP1B in 

802 GFAP+ cells. K–N: Western blotting images (K) and statistic diagram of relative protein 

803 amount (L–N) of MAP1B, FIGN, Tyrosinated Tubulin and XHU Tubulin after depletion of 

804 MAP1B in GFAP+ cells. O: Relative Fign mRNA expression after depletion of MAP1B. B, D, 

805 L–N, and O: Student’s t-test was used. *: P<0.05; ****: P<0.0001.

806

807

  



808

809 Figure 5. Role of Map1b in neuronal regeneration and functional recovery of zebrafish 

810 spinal cord post-injury. A: Schematic diagram showing changes in Map1b expression during 

811 the recovery process after spinal cord injury, based on single-cell sequencing data in mice. B: 

812 Schematic representation of zebrafish spinal cord injury and the workflow for monitoring 

813 morphological changes during recovery post-injury. C: Representative images of inhibited 

  



814 neuronal regeneration following map1b knockdown at 1 hpi, 12 hpi, and 24 hpi in 

815 Tg(mnx1:eGFP) zebrafish in lateral view. D: Statistical graph of neurites entering the injury 

816 site following map1b knockdown and spinal cord injury. Sample sizes: 1 hpi, n = (6, 7); 12 hpi, 

817 n = (7, 8); 24 hpi, n = (7, 8). E: Statistical analysis of average fluorescence intensity at the 

818 injury site at 1hpi, 12hpi, and 24hpi. Student’s t-test used. Sample sizes: 1 hpi, n = (6, 7); 12 

819 hpi, n = (7, 8); 24 hpi, n = (7, 8). F: Representative action trajectory plots during 10 minutes of 

820 free swimming following map1b knockdown at 3dpi. G–H: Statistical analysis of swimming 

821 speed and relative recovery (calculated by normalizing swimming speed to uninjured zebrafish 

822 at the same age) at 3 dpi and 7 dpi following map1b knockdown. Sample sizes: n = 15 for each 

823 group. I: Representative images of increased neuronal regeneration following Map1b 

824 overexpression at 1hpi, 12hpi, and 24hpi in Tg(mnx1:eGFP) zebrafish in lateral view. J: 

825 Statistical graph of neurites entering the injury site following Map1b overexpression and spinal 

826 cord injury. Sample sizes: 1 hpi, n = (13, 10); 12 hpi, n = (11, 8); 24 hpi, n = (11, 8). K: 

827 Statistical analysis of average fluorescence intensity at the injury site at 1 hpi, 12 hpi, and 24 

828 hpi following Map1b overexpression. Student’s t-test used. Sample sizes: 1 hpi, n = (13, 10); 

829 12 hpi, n = (11, 8); 24 hpi, n = (11, 8). L: Representative action trajectory plots during 10 

830 minutes of free swimming following Map1b overexpression at 3dpi. M–N: Statistical analysis 

831 of swimming speed and relative recovery (calculated by normalizing swimming speed to 

832 uninjured zebrafish at the same age) at 3dpi and 7dpi following Map1b overexpression. Sample 

833 sizes: n = 15 for each group. D and J: Mann-Whitney test used, false discovery rate (FDR) 

834 calculated using two-stage step-up method of Benjamini, Krieger, and Yekutieli, and a Q-value 

835 less than 0.05 is considered a discovery, while a Q-value  � 0.05 not a discovery (nd). E, G, H, 

  



836 K, M, and N: Student’s t-test was used. *: P<0.05; **: P<0.01; ***: P<0.001; ns: not significant. 

837

838

  



839

840 Figure 6. Working model of Map1b regulating cytoskeleton dynamics by regulating Fign. 

841 Map1b interacts with Fign and is required for normal Fign-associated microtubule regulation. 

842 Depletion of Map1b is related to failure of Fign-mediated severing of tyrosinated microtubules, 

843 compromising migration ability, resulting in misalignment of the somata of radial glia and 

844 malformed radial processes in the spinal cord. Accumulated tyrosinated microtubules triggers 

845 expression of Fign. However, Fign does not regain its severing activity in the absence of Map1b.

846

  



847 DATA AVAILABILITY

848 All data generated in this study is available from the corresponding authors upon request.

849 SUPPLEMENTARY FIGURES

850 Supplementary Figure S1. Depletion of map1b causes deficits in swimming behavior, 

851 spinal motor neuron axon development, and coro1a+ cell migration in zebrafish. A: 

852 Representative fluorescent images showing the expression of Map1b in gfap+ cells, spinal 

853 motor neurons and coro1a+ cells in lateral view. B: Schematic diagram of map1b MO binding 

854 site and working principle. C: Knockdown efficiency using map1b MO. RT–PCR analysis was 

855 performed at 30, 54, 60, and 72 hpf following map1b MO injection. RNA was extracted from 

856 10 zebrafish embryos per time point and analyzed by agarose gel electrophoresis. D: 

857 Measurement of grayscale values in panel C, three biological replicates at each time point were 

858 calculated using ImageJ to determine knockdown efficiency. Student’s t-test used. Data 

859 presented as mean ± SEM. Student’s t-test was used. *: P<0.05; **: P<0.01; ***: P<0.001; ns: 

860 not significant. E and F. Depletion of map1b causes deficits in zebrafish swimming behavior. 

861 E: Representative action trajectory plots during two minutes of free swimming following 

862 map1b knockout by CRISPR-Cas9. F: Statistical results of swimming speed over one hour. 

863 One-way ANOVA with Dunnett’s multiple comparisons tests was used. * P<0.05, ** P<0.01, 

864 *** P<0.001, **** P<0.0001, ns, not significant. G: Representative images of coro1a+ cell 

865 migration in the spinal cord at 72 hpf following map1b knockdown with three different MO 

866 concentrations in Tg(coro1a:eGFP) zebrafish. H: Statistical results of coro1a+ cell migration 

867 in selected spinal cord regions at 72 hpf. Data presented as mean ± SEM. Student’s t-test was 

868 used for comparison between Ctrl MO and map1b MO. Sample sizes: 0.5 mM, 0.7 mM, 1 mM, 

  



869 n = (7, 7), (9, 6), (11, 13), respectively. *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.0001; 

870 ns: not significant.

871

872 Supplementary Figure S2. Effects of NgAgo-mediated map1b knockdown on radial glia 

873 process length. A: Preparation of NgAgo mRNA via in vitro transcription and its co-injection 

874 with map1b guide DNA in zebrafish embryos. B: Efficiency of NgAgo mediated map1b gene 

875 knockdown. Total RNA was extracted from 10 zebrafish embryos 12 hours after microinjection 

876 and map1b expression was analyzed by RT–qPCR. Student’s t-test was used. C, D: 

877 Representative images of radial glia process length in the spinal cord and cumulative 

878 fluorescence intensity along the anteroposterior axis at 30 hpf and 54 hpf for map1b 

879 knockdown in Tg(gfap:eGFP) zebrafish, rescue, and map1b overexpression zebrafish embryos. 

880 E: Statistical analysis of radial glia process length at 30 hpf. One-way ANOVA test with 

881 Dunnet’s multiple comparisons tests was used. Sample sizes: n = (6, 5, 4, 4). F: Statistical 

882 analysis of radial glia process length at 54 hpf. One-way ANOVA test with Dunnet’s multiple 

883 comparisons tests was used. Sample sizes: n = (6, 6, 3, 6). 

884

885 Supplementary Figure S3. Effects of CRISPR-Cas9-mediated map1b knockout on radial 

886 glia process length. A: Schematic diagram of map1b sgRNA target site. B: Representative 

887 images of mutations in map1b at 24 hpf and 48 hpf. C,.D: Representative images and statistical 

888 analysis of radial glia process length at 30 hpf and 54 hpf in map1b crispants in Tg(gfap:eGFP) 

889 zebrafish in dorsal view. E: Statistical analysis of radial glia process length at 30 hpf after 

890 CRISPR/Cas9 mutagenesis or rescue. One-way ANOVA test used. Sample sizes: n = (6, 4, 5, 

  



891 8, 5). F: Statistical analysis of radial glia process length at 54 hpi after CRISPR/Cas9 

892 mutagenesis or rescue. One-way ANOVA test with Dunnett’s multiple comparisons tests was 

893 used. Sample sizes: n = (7, 8, 5, 6, 6). *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.0001; 

894 ns: not significant.

895

896 Supplementary Figure S4. Expression of Map1b after shRNA-mediated knockdown and 

897 rescue in radial glia and Mnx1+ neurons. A, B: Immunofluorescence staining of Map1b in 

898 zebrafish larvae that had received injection of pTol2-mnx1:EGFP-gfap:mCherry-

899 control_shRNA, pTol2-mnx1:EGFP-gfap:mCherry-map1b_shRNA, or pTol2-mnx1:EGFP-

900 gfap:mCherry-T2A-Map1b-map1b_shRNA. C and D. Statistic diagrams of relative Map1b 

901 fluorescence. n=(15,15,15) animals. One-way ANOVA was used, followed by Tukey’s 

902 multiple comparisons. ****: P<0.0001; ns: not significant.

903

904 Supplementary Figure S5. GFAP-positive cells isolated from P1 rat express stemness 

905 markers. The isolated cells were stained with anti-GFAP and anti-SOX2 or anti-Nestin 

906 antibodies.

907

908 Supplementary Figure S6. FRET demonstrating interaction between MAP1B and FIGN. 

909 A. Representative images of FRET between FIGN and MAP1B. mCherry-FIGN and GFP-

910 MAP1B constructs were co-transfected into cultured RFL-6 with GFP as the donor and 

911 mCherry as the acceptor. Groups with co transfection of mCherry + GFP, mCherry + GFP-

912 MAP1B, and mCherry-FIGN + GFP served as negative controls. Cytoplasmic regions of 

  



913 interest were manually selected (red boxes), mCherry was bleached using 561 nm laser, and 

914 images were taken before and after photobleaching of mCherry. B, Statistic diagram of FRET 

915 efficiencies. n=(10,10,10,30) cells were analyzed for each group. Student’s t-test was used. 

916 ****: P<0.0001.
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