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47 Abstract 
 

48 Wereportonanearly-onsetneurodegenerativeencephalopathywithdistalspinal 
 

49 muscularatrophycausedbyTBCEmutations,withIle155Asnoccurringatthe 
 

50 heterozygous/homozygousstateinallaffectedsubjects. Clinicalfeaturesresemblethe 
 

51 phenotypeofpmn/pmnmice(TbceTrp524Gly)andareassociatedwithreducedTBCElevels 
 

52 andalteredtubulinpolymerization.WhiletruncatingTBCEmutationshavebeendescribed 
 

53 toperturbdevelopmentalprocesses,wedocumentalteredTBCEfunctionasacauseof 
 

54 neurodegenerationinhumans. 

 
55 

 
56 



57 Tubulinopathiesincludeafamilyofsevereneurodevelopmentaldisorderscausedby 
 

58 mutationsinmultiplegenesencodingtubulinisoforms(i.e.,TUBA1A,TUBA8,TUBB2B, 
 

59 TUBB3andTUBB5),withdefectiveneuronalmigrationandmalformationofthecerebral 
 

60 cortexrepresentingmajorfeatures1.TruncatingmutationsinTBCE(tubulin-specific 
 

61 chaperoneE),oneofthefivetubulinbindingco-factorsinvolvedintubulinfoldingand 
 

62 polymerization,areknowntocausetworareneurodevelopmentaldiseases, 
 

63 hypoparathyroidism-retardation-dysmorphism(HRD)andKenny-Caffeysyndrome(KCS)2. 
 

64 Morerecently,microtubule-disruptingmutationsintubulingeneshavebeenshownto 
 

65 triggerneurodegeneration,asillustratedbyTUBA4AandTUBB4Amutationsunderlying 
 

66 amyotrophiclateralsclerosis3andhypomyelinatingleukodystrophyassociatedwith 

67 progressivespasticdystonictetraplegia4,respectively.Similarly,amissensemutationin 

68 Tbcehasbeenassociatedwithprogressivedistalmotorneuronopathyinmice5,butno 
 

69 similarphenotypehassofarbeenreportedinhumans. 
 

70 Weusedatrio-basedwholeexomesequencing(WES)strategytodelineatethe 
 

71 molecularbasisofanovelrecessiveencephalopathyaffectingtwoapparentlyunrelated 
 

72 youngsubjectsoriginatingfromtheislandofIschia,SouthernItaly(Fig.1a). Both 
 

73 individualsshoweddevelopmentaldelaywithoutdysmorphiaorgrowthdefects,and 
 

74 manifestedearly-onset,slowlyprogressivedistalmotorneuropathyresemblingdistal 
 

75 spinalmuscularatrophy,withbilateralfootdropassociatedtospasticityandcerebellar 
 

76 ataxia.WESdatawereanalyzedtoidentifygenessharedbytheprobandshaving 
 

77 functionallyrelevantrare/privatevariants(On-linemethods),takingintoaccount 
 

78 recessiveinheritancemodels(SupplementaryTableS1). Weidentifiedonlyonegene, 
 

79 TBCE,satisfyingthesefilteringcriteria.Subject1544334(Pt1)washomozygousforthe 
 

80 c.464T>Amissensechange(p.Ile155Asn),whichwasinlinewiththedocumented 
 

81 consanguinityascertainedinthefamily;subject2518864(Pt2)wasacompound 
 

82 heterozygoteforthesameaminoacidsubstitutionandthetruncatingc.1076delCchange 



83 (p.Ser359fs*1).Sangersequencingconfirmedbothmutationsandsegregationinboth 
 

84 families(SupplementaryFig.S1).Thesharedgenomicregionencompassingthe 
 

85 c.464T>Achangecovered2.5Mb(chr1:234529552-237060433).Mutationscanofthe 
 

86 TBCEcodingsequenceperformedon14subjectswithsimilarclinicalfeaturesallowedto 
 

87 identifyathirdfamilyfromthesamegeographicalareahavingtwomonozygotictwins 
 

88 homozygousforthec.464T>Achange.Allsubjectsexhibitedearly-onset,slowly 
 

89 progressivespasticataxia,distalspinalmuscularatrophy,cerebellaratrophy,and 
 

90 developmentaldelay(SupplementaryTableS2).Thisphenotypeisreminiscentofthe 
 

91 mutantpmn/pmnmousewithprogressivemotorneuronopathy,hindlimbatrophyand 
 

92 reducedbrainsize5.Inthesesubjects,theneurodegenerativesigns,normal 
 

93 calcium/phosphatemetabolism,andabsenceofrepeatedinfections(Supplementary 
 

94 Information)clearlydifferfromHRDandKCS. 
 

95 TCBEischaracterizedbyaCAP-GlydomainattheN-terminus,followedbynine 
 

96 tandemlyarrangedleucine-richrepeats(LRRs),andaC-terminalubiquitin-likedomain 
 

97 (SupplementaryFig.S1).Ile155isahighlyconservedresidueacrossorthologs 
 

98 (SupplementaryFig.S1)locatedwithintheLRRdomain.AhomologymodeloftheTBCE 
 

99 

 
100 

regionspanningthenineLRRs(residues123-

348)wasgenerated,whichfittedwellwiththeestablishedstructureofthesemotifs6,andplacedIle155i

ntothehydrophobiccore 

101 stabilizingthesecondLRRmotif(Fig.1b).Theintroductionofthehydrophilicasparagine 
 

102 ispredictedtoperturbdramaticallythestructureofthemotifandtheoverallfoldingofthe 
 

103 LRRdomain.SinceLRRdomainsarefunctionalmodulesthatmediateprotein-protein 
 

104 interaction,thisaminoacidsubstitutionisexpectedtoaffectTBCEfunctionortheoverall 
 

105 TBCEstructureandproteinstability.Toverifythelatterhypothesis,theleveloftheTBCE 
 

106 proteinwasevaluatedinprimaryfibroblastsobtainedfromPt1andPt2.Westernblot 
 

107 analysisdocumentedastronglyreducedamountofTBCEcomparedtocontrolcells(Fig. 
 

108 1c),suggestiveofrapiddegradationoftheTBCEmutant.Ofnote,reductioninTBCE 



109 levelswasmorepronouncedinfibroblastsfromPt2,whowascompoundheterozygotefor 
 

110 theIle155AsnandSer359fs*1changes.Inthesecells,TBCEmRNApoolwasreducedto 
 

111 halfofnormal(asshownbyreal-timeqRT-PCR)(Fig.1d),andthemutantallelecarrying 
 

112 theframeshiftvariantwasundetectablebySangersequencingofretro-transcribedRNA 
 

113 

 
114 

 
115 

(datanotshown),indicatingnonsense-mediatedmRNAdecay.A 

similarreductioninTbcelevelswasdocumentedinfibroblasts(Fig.1e)andmotoneurons7ofthepmn/p

mnmouse.Remarkably,TBCElevelshadbeenreportedtobevirtuallyabsentinHRDandKCS8. 

116 TBCEisrequiredforthefoldingof-tubulin,/-tubulindimerizationand 
 

117 

 
118 

subsequentheterodimerpolymerizationintomicrotubules,whicharemajorcomponentsoftheneur

onalcytoskeleton9.ToexploretheimpactofthetwoTBCEmutationson 

119 microtubulepolymerization,wefirstdeterminedthelevelsoftotal,solubleandpolymerized 
 

120 -tubulininpatientandcontrolfibroblasts,usingbiochemicalfractionation.Thelevelof 
 

121 total-tubulinwasnotaffected.Bycontrast,theamountofpolymerized-tubulinwas 
 

122 significantlyreducedcomparedtocontrolcells(Fig.2a),inlinewithwhatoccurredintail 
 

123 fibroblastsofpmn/pmnmice(Fig.2b). Wethendeterminedthenucleationofmicrotubules 
 

124 atthecentrosomeandatextracentrosomalsites. Centrosomesorganizethespindle 
 

125 microtubulesduringmitosis,andconfocalmicroscopyanalysisofsynchronizedfibroblasts 
 

126 frompatientswithmutatedTBCEallelesdocumentedabnormalmitoticmorphologyand 
 

127 disorganizedmitoticmicrotubules;spindlesappearedasymmetricandunrefined,with 
 

128 irregularasterstructure(SupplementaryFig.S2). Defectivenucleationof 
 

129 extracentrosomalmicrotubuleswasalsonoticed. Specifically,weobservedsignificantly 
 

130 reducedlevelsofGolgi-associateddetyrosinated-tubulininpatientfibroblasts(Fig.2c), 
 

131 

 
132 

inlinewiththereportedlossofGolgi-derivedmicrotubulesinmotorneuronsofpmn/pmn 
 

mice7. 
 

133 Todemonstratealteredmicrotubuledynamics,wetreatedthefibroblastcultureswith 
 

134 themicrotubule-disruptingdrugnocodazole,andanalyzedmicrotubuleregrowthafterdrug 



135 washout.Incontrolfibroblasts,microtubulebegantopolymerizeefficientlyasearlyas10 
 

136 minutesafternocodazolewashout,andextendedpolymerizedstructureswerewell-formed 
 

137 at30min(Fig.2d).Differently,microtubulere-polymerizationappearedmarkedlydelayed 
 

138 inpatientfibroblasts;microtubuleswerealsolessabundantandstronglydisorganizedin 
 

139 bothearlyandlatestagesofre-polymerization.Suchaltereddynamicsappeared 
 

140 particularlypronouncedinfibroblastswithcompoundheterozygosityfortheIle155Asnand 
 

141 Ser359fs*1changes,consistentwiththemoreprofoundreductionofTBCEexpression 
 

142 levels. 
 

143 Overall,wedescribeanewdistalneuronopathyandspasticataxiacausedbybiallelic 
 

144 mutationsinTBCEoverlappingthephenotypeofpmn/pmnmouse,awell-knownmodelof 
 

145 motorneurondisease.Onthebasisofthepreviouslydocumentedimpactofabolished 
 

146 TBCEfunctionondevelopmentalprocessesandgrowth,ourfindingsdemonstratea 
 

147 

 
148 

stringentrequirementofTBCEfunctionspecificallyforneuronalsurvivalandfunction. 
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LegendstoFigures 

 

189 Figure1.TBCEmutationscauseearly-onsetencephalopathywithdistalspinal 
 

190 muscularatrophy.(a)ClinicalfeaturesofPt1(1)andPt2(4,5,6);musclebiopsyofPt1 
 

191 stainedwithATPase4.3(2)andesterase(3)showingneurogenicabnormalities;brain 
 

192 MRIsofPt1(7,8,9,at2years;10,11,12,at3years)andPt2 (13,14,15,at1year;16, 
 

193 

 
194 

17,18,at2years).Notethehypoplasiaofcorpuscallosum,andcerebellaratrophywithprominentf

olia(12,17).(b)HomologymodeloftheTBCELRRdomain.Ile155with 

195 surroundinghydrophobicresiduescontributetothehydrophobiccorerequiredforproper 
 

196 foldingofthedomain.(c)Westernblot(WB)analysisdocumentingreducedTBCElevels 
 

197 inpatientfibroblasts.Dataarepresentedasmeans±s.d.,*indicatesP<0.05. (d)Real- 
 

198 timeqRT-PCRshowingmarkedlyreducedexpressionlevelofTBCEmRNAinfibroblasts 
 

199 

 
200 

 
201 

 
202 

fromPt2.*indicatesP<0.05.(e)WBanalysisdemonstratingreducedlevelsofTbceinthe 
 

pmn/pmnmouse(TbceTrp524Gly);recombinantprotein(TBCE)isalsoreported. 

 

203 Figure2.Defectivemicrotubulepolymerizationinsubjectswith 
 

204 homozygous/heterozygousTBCEp.Ile155Asnsubstitution,andpmn/pmnmice.(a) 
 

205 Westernblot(WB)analysesshowingtotal(T),soluble(S)andpolymerized(P)-tubulin 
 

206 (above),detyrosinatedtubulin(middle),and-actin(below)inpatientfibroblastsand 
 

207 controlcells(Ctrl1,Ctrl2).Diagrams(right)showreducedfractionsofpolymerized- 
 

208 tubulinanddetyrosinatedtubulininpatientfibroblasts.(b)WBanalysesshowingreduced 
 

209 amountofpolymerized-tubulin(P)infibroblastsfrompmn/pmnmicecomparedto 
 

210 fibroblastsfromunaffectedmice.(c)Immunofluorescenceanalysisdocumentinglossof 
 

211 microtobulescontainingdetyrosinatedtubulin(detyr-Tub)inpatientfibroblasts.Notethat 
 

212 detyrosinatedmicrotubules(red)incontrolfibroblastsarecloselyassociatedwithGM130- 



213 stainedGolgimembranes(green).NucleiareDAPI-stained.Scalebar,10m. (d) 
 

214 Immunofluorescenceanalysesshowingreducedre-polymerizationofmicrotubules 
 

215 followingnocodazoletreatmentinfibroblastsfromPt1andPt2,andcontrolcells(Ctrl). 
 

216 

 
217 

 
218 

Scalebar,20m. 
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