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Supplementary Table 1. C. elegans strains used in this study 

Strain Name Genotype Reference 

CB444 unc-52(e444) II (Liu and Sternberg, 1995) 

CB1487 him-9(e1487) II (Hodgkin et al., 1979) 

MT3641 osm-10(n1602) (Hart et al., 1999) 

NIN15 him-9(e1487) II; ttll-11(tm4059) IV This study 

NIN16 him-9(e1487) II; ttll-4(tm3310) III; ttll-11(tm4059) IV; 

ttll-5(tm3360) V 

This study 

NIN20 him-9(e1487) II; ttll-4(tm3310) III This study 

NIN21 him-9(e1487) II; ttll-5(tm3360) V This study 

NIN23 him-9(e1487) II; ttll-9(tm3889) V This study 

NIN24 him-9(e1487); ttll-15(tm3871) This study 

NIN40 nIs133 [pkd-2p::GFP] I; him-9(e1487) II  This study; (Schwartz and 

Horvitz, 2007) 

NIN45 nIs133 [pkd-2p::GFP] I; him-9(e1487) II; ttll-

4(tm3310) III; ttll-11(tm4059) IV; ttll-5(tm3360) V 

This study; (Schwartz and 

Horvitz, 2007) 

OC343 ttll-5(tm3360) V This study 

OC422 ttll-4(tm3310) III This study, (Kimura et al., 

2010) and (O'Hagan et al., 

2011) 

OC423 ttll-11(tm4059) IV This study  

OC419 ttll-9(tm3889) V This study, (Kimura et al., 

2010) and (O'Hagan et al., 

2011) 

OC504 ttll-15(tm3871) V This study  

PS3151 lov-1(sy552) II; him-5(e1490) V (Barr and Sternberg, 1999) 

 

  

B
io

lo
gy

 O
pe

n 
• 

S
up

pl
em

en
ta

ry
 in

fo
rm

at
io

n



Biology Open (2016): doi:10.1242/bio.017442: Supplementary information 

 

 
 

 

Movie 1: Wild type male mating behavior. 

A him-9 male executes the response step of male mating. Upon contact with an 

hermaphrodite, by aligning his tail with her body and initiating a backward motion. 
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http://movie.biologists.com/video/10.1242/bio.017442/video-1
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Movie 2: Triple mutants show a defect in the response step of male mating behavior. 

A triple mutant male fails to execute the response step of male mating upon contact with 

an hermaphrodite.  
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http://movie.biologists.com/video/10.1242/bio.017442/video-2


Supplementary	  Data	  1.	  TTLL	  Protein	  sequence	  Alignments	  and	  Annotations.	  

TTLL-4 
CLUSTAL 2.1 multiple sequence alignment 
 
mmTTLL4         MASAGTEHYSIGLRRGNSFKQRHPSGTVSASPSEKPSEVKVWSQAHQQVKPIWKLEKKHV 60 
ceTTLL-4        ------------------------------------------------------------ 
                                                                             
 
mmTTLL4         GTLSAGLGTSFLGVPSQPAYFLCPSTLCSSGTTAVIAGHSNPCYLQSLPNLFSNTLLYRR 120 
ceTTLL-4        ------------------------------------------------------------ 
                                                                             
 
mmTTLL4         TNVRQKPYQQLESFCLRSSPSEKRSFSLPQKGLPVSVTANKATSSTVFPMAQPMATSPTD 180 
ceTTLL-4        ------------------------------------------------------------ 
                                                                             
 
mmTTLL4         PYLSLAAAGENPSRKSLASAISGKIASPLSYKPMLNNNSFMRPNSTKVPLSQATDGLKPV 240 
ceTTLL-4        ------------------------------------------------------------ 
                                                                             
 
mmTTLL4         SSPKIQPVSWHHSGGTGDCVPQPGDHKVPQNIATVLDDVTAPITPSIPSTLNISTASVTS 300 
ceTTLL-4        -----------------------------------------------MSSGYSSAPSVSH 13 
                                                                *:   *:.**:  
 
mmTTLL4         SQCSQSNFRMEAHPCGLDENPDSQSATKEVHFTEAVRKLAEKGLEKMPRQGYQFEQACFV 360 
ceTTLL-4        TSSDTDLNRIDSYDDGAEETTDEQ------------------------------------ 37 
                :... .  *::::  * :*..*.*                                     
 
mmTTLL4         NPSFQWGLLNRSRRWKPLMGQRFPQEDIGLDSAILPGTSDTLGLDSTVFCTKRISIHLLA 420 
ceTTLL-4        ------------------------------------------------------------ 
                                                                             
 
mmTTLL4         SHVHGLNPSPACGSAVDPQVLGEDRAPVPPSSLQPLGVAEVATRLSSVHLDQPGKEPEEA 480 
ceTTLL-4        ---------RMCG-------LS----------------ELVTSCLTSSRLK--------- 56 
                           **       *.                  *:: *:* :*.          
 
mmTTLL4         KDLNSCTKGGGSATDLQPNQVEPEDTEDELGDGLEDSCSHDENEEEEGDSECSSLSVVSP 540 
ceTTLL-4        --------------------------------------AIDEEDEEE---NCNDIEIVGL 75 
                                                      : **::***   :*..:.:*.  
 
mmTTLL4         SESVALISRN----CVDLMSKSLPNHEKVVRPALIYSLFPNVTPTIYFGTRDERVEKLPW 596 
ceTTLL-4        SKTTTKVKRSKKVLSCPIVSSSTKKENGNAAPFLKSSQFTDVPPTIRFYTKGTKVTKPAR 135 
                *::.: :.*.    .  ::*.*  :.:  . * *  * *.:*.*** * *:. :* * .  
 
mmTTLL4         EQRRLLRWKMSTVTPNIVKQTIGRSHFKISKRNDDWLGCWGHHMKSPGFRSIREHQKLNH 656 
ceTTLL-4        KIQARLTWCHNSLLPIVMRQTLAASHFTVVDESLFYVGYWGRHLKSAQYRALQPHQKVNH 195 
                : :  * *  .:: * :::**:. ***.: ...  ::* **:*:**. :*::: ***:** 
 
mmTTLL4         FPGSFQIGRKDRLWRNLSRMQSRFGKKEFSFFPQSFILPQDSKLLRKAWESSSRQKWIVK 716 
ceTTLL-4        FPGAFHIGRKDRLWMHIRKQQERFEG-EFDIMPFTYILPTDRQELLKYLETDASRHVIVK 254 
                ***:*:******** :: : *.**   **.::* ::*** * : * *  *:.: :: *** 
 
mmTTLL4         PPASARGIGIQVIHKWSQLPKRRPLLVQRYLHKPYLISGSKFDLRIYVYVTSYDPLRIYL 776 
ceTTLL-4        PPASARGTGISVTRKPKDFPTTATLVAQHYIERPLTINRAKFDLRLYAYVPTFEPLRVYI 314 
                ******* **.* :* .::*.  .*:.*:*:.:*  *. :*****:*.**.:::***:*: 
 
mmTTLL4         FSDGLVRFASCKYSPSMKSLSNKFMHLTNYSVNKKNTEYQANADETACQGH-KWALKALW 835 
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ceTTLL-4        YDQGLVRFASVPYSHSVSTISNKYMHLTNYSINK-----LAEADGVANKPVPKWTLHHLW 369 
                :.:*******  ** *:.::***:*******:**      *:** .* :   **:*: ** 
 
mmTTLL4         NYLSQKGINSDAIWEKIKDVVVKTIISSEPYVTNLLKLYVRRPYSCHELFGFDIMLDENL 895 
ceTTLL-4        EHFDEMGVDREKIQREIEEVIIKAFISTEKPIREHMSRFLEQEFICYELFGIDIILDEDY 429 
                :::.: *:: : * .:*::*::*::**:*  : : :. ::.: : *:****:**:***:  
 
mmTTLL4         KPWVLEVNISPSLHSNSPLDISIKGQMIRDLLNLAGFVLPNMEDIISSSSSPSSSSGSST 955 
ceTTLL-4        KPWLLEVNISPSLHSGTPLDVSVKAPLAKDVLNLAGVYVP-----------PSFDKLSDA 478 
                ***:***********.:***:*:*. : :*:*****. :*           ** .. *.: 
 
mmTTLL4         SLPSSPRDKCQMTPEHFTAQKMKKAYYLTQKIPDQDFYASVLDVLTPDDVRVLVEMEDEF 1015 
ceTTLL-4        DYSTRPRNGRKNREQLIKEASWVAAYKDQLGVIDN----RIFKRLTPEDTRALVEFEDEL 534 
                . .: **:  :   : :.  .   **     : *:     ::. ***:*.*.***:***: 
 
mmTTLL4         SRRGQFERIFPSRISSRYLRFFEQPRYFNILTTQWEQKYHGNKLKGVDLLRNWCYKGFHT 1075 
ceTTLL-4_       ERIGDFKLVFPTAHTSHYQKYFAETIYMNILLQQWQIAQEDDRSIGINRLEQLCRQKHMQ 594 
                .* *:*: :**:  :*:* ::* :. *:***  **:   ..::  *:: *.: * : .   
 
mmTTLL4         GIVSDSAPLWSLPTSLMTTSKGDGTPNSASKSRKKSASEGTTLSSEDRSTPKSKKSQAGL 1135 
ceTTLL-4_       ---SDQE------TSF-------------------------------------------- 601 
                   **.       **:                                             
 
mmTTLL4         SPISRKTLSSRSNENTSKQSKRSTPGLPVLKYSGQSSRLSAASASQSVTDSRLTAVSS 1193 
ceTTLL-4_       ---------------------------------------------------------- 
                                                                           
 
 
Key: 
DOMAIN NOT INCLUDED 
Predicted Substrate Interacting Domains 
ATP & Mg2+ Interacting Domains 
Essential ATP-Binding Residues 
Cationic MT Binding Domain 
Extended TTL-Domain 
Core TTL-Domain 
Deletion 
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TTLL-5 
CLUSTAL 2.1 multiple sequence alignment 
 
 
mmTTLL5         ---------------------------------------------------MPVVMARDL 9 
ceTTLL-5        MKPKNVPREIFNPFTNKTSLGTRREGLFLCKRLKLRPDNYLEEYCADLEVIDIMAPIRPA 60 
                                                                     :.  *   
 
mmTTLL5         EETASSSEDEDLANQEDHPCIMWTGG-CRRIPVLVFHAEAILTKDNNIRV------IGER 62 
ceTTLL-5        DETERCPPTSTSDDQEAGDYLVSRNKKSRNSDYMLFSSDALVHIAHDAKVSEKYTWLGER 120 
                :**  ..  .   :**    ::  .  .*.   ::* ::*::   :: :*      :*** 
 
mmTTLL5         YHLSYKIVRTDSRLVRSILTAHGFHEVHPSSTDYNLMWTGSHLKPFLLRTLSEAQKVNHF 122 
ceTTLL-5        LRLTFKMMRSDSRLIRTMCHSHGFMQCSSKNPSVNVIWMGAPVKSVRMRELMPWQRLNQF 180 
                 :*::*::*:****:*::  :*** :  ..... *::* *: :*.. :* *   *::*:* 
 
mmTTLL5         PRSYELTRKDRLYKNIIRMQHTHGFKAFHILPQTFLLPAEYAEFCNSYSKDR-------- 174 
ceTTLL-5        PRSTELTKKDRLYENIERSKSIFG-ESFDFIPEFYVTPRENRKMENAFVRVAKEIAAAGG 239 
                *** ***:*****:** * :  .* ::*.::*: :: * *  :: *:: :           
 
mmTTLL5         -----GPWIVKPVASSRGRGVYLINNPNQISLEENILVSRYINNPLLIDDFKFDVRLYVL 229 
ceTTLL-5        ELCFPGEFIVKPTNSRQGKGIFFANSMADIPAEGPLLVSRYLKDPYLVNNHKFDLRIYVA 299 
                     * :****. * :*:*::: *.  :*. *  :*****:::* *:::.***:*:**  
 
mmTTLL5         VTSYDPLVIYLYEEGLARFATVRYDQGSKNIR-NQFMHLTNYSVNKKSGDYVSCDDPEVE 288 
ceTTLL-5        VTSFYPLVAYVYSEGLARLASRPYDTSASSADSNEYVHLTNYSINKNSTSFVRNESMSSE 359 
                ***: *** *:*.*****:*:  ** .:..   *:::******:**:* .:*  :. . * 
 
mmTTLL5         DYGNKWSMSAMLRYLKQEGKDTTALMAHVEDLIIKTIISAELAIATACKTFVPHRSSCFE 348 
ceTTLL-5        DLGHKWTLGALLRYVENEGKDAKLLMLRIEDLIVKSLLSIQNSVATASRTNLRFACTNFE 419 
                * *:**::.*:***:::****:. ** ::****:*:::* : ::***.:* : . .: ** 
 
mmTTLL5         LYGFDVLIDNTLKPWLLEVNLSPSLACDAPLDLKIKASMISDMFTVVGFVCQDPAQRTSN 408 
ceTTLL-5        LFGFDVLVDQALKPWLLEVNLSPSLACDAPLDSLLKTRLIADLLNLA---CVPLLDRKII 476 
                *:*****:*::*********************  :*: :*:*::.:.   *    :*.   
 
mmTTLL5         RSIYPSFESSRRNPFQKPQRTRPLSASDAEMKNLVASAREKVPGKLGGSVLGLSMEEIK- 467 
ceTTLL-5        DSVTPALRKSMNSQESESSETDDLELDPMCAKTLKRRPVGLKRSVLNKKIVSGSTSLIPN 536 
                 *: *::..* ..  .:...*  *. .    *.*   .     . *. .::. * . *   
 
mmTTLL5         -------VLRRVKEENDRRGGFIRIFPTSETWEIYGSYLEHKTSMNYMLATRLFQDRGNP 520 
ceTTLL-5        NEKKFDQIVRKAELEDGRRGDFIRVFPRNGTWGMYSPVMEDLGNED-------------- 582 
                       ::*:.: *:.***.***:** . ** :*.. :*.  . :               
 
mmTTLL5         RRSLLTGRARVSTEGAPELKVESMNSKAKLHAALYERKLLSLEVRKRRRRSGRLRAMRPK 580 
ceTTLL-5        ----------------------------------FDERLFDEVVTKKNTKNSSGSSKASS 608 
                                                  ::.:*:.  * *:. :..   :  .. 
 
mmTTLL5         YPVIAQPAEMNIKTETESEEEEEVGLDNDDEEQEASQEESAGSLGENQAKYTPSLTVIVE 640 
ceTTLL-5        SSASASSSSSSMHIEDLSDLFHEVMMQCDKYSS-------------------------IA 643 
                 .. *..:. .:: *  *:  .** :: *. ..                         :  
 
mmTTLL5         NSPRDNAMKVAEWTNKGEPCCKIEAQEPESKFNLMQILQDNGNLSKVQARLAFSAYLQHV 700 
ceTTLL-5        DVPIEIREIISPWYEEASEYTKKITQEGETYACKLPVIRSTARLR----TKSCAEFYEVR 699 
                : * :    :: * ::..   *  :** *:    : :::....*       : : : :   
 
mmTTLL5         QIRLTKDSGGQTLSPSWAAKEDEQMELVVRFLKRASSNLQHSLRMVLPSRRLALLERRRI 760 
ceTTLL-5        KVQLAK----KKESEAMASKENEPIVLQAVVAKRI------------------------- 730 
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                :::*:*    :. * : *:**:* : * . . **                           
 
mmTTLL5         LAHQLGDFIGVYNKETEQMAEKKSKKKLEEEEEDGVNAESFQEFIRQASEAELEEVLTFY 820 
ceTTLL-5        ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         TQKNKSASVFLGTHSKSSKNSSSYSDSGAKGDHPETIQEVKIKQPKQQQATEIHADKLSR 880 
ceTTLL-5        ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         FTTSSGKEAKLVYTNCSSFCSPAAVLLQRLPSSHLSSVITTSALSAGPGHHASLSQIPPA 940 
ceTTLL-5        ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         VPSLPHQPALLLSPVPDNAPPSIHSGTQNVSPAGLPRCRSGSYTIGPFSSFQSAAHIYSQ 1000 
ceTTLL-5        ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         KLSRPSSAKAAGSCHPHKHHSGIAKTQKEGEDVSLNRRYNQSLVTAELQRLAEKQAARQY 1060 
ceTTLL-5        ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         SPASHISLLTQQVTNLNLASSVINRSSASTPPTLRPVISPSGPTWSIQPDLHASETHSSP 1120 
ceTTLL-5        ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         PGSRSLQTGGFAWEGEVENNAYSKTTGVVPQHKYHPTAGSYQLHFALQQLEQQKLQSRQL 1180 
ceTTLL-5        ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         LDQSRARHQAIFGSQTLPNSSLWTMNNGPGCRISSATTGGQKPNTLPQKVVAPPNSSTLV 1240 
ceTTLL-5        ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         SKPASNHKQVLRKPASQRASKGSSAEGQLNGLQSSLNPAAFMPITNSTGSLEAPQVIFAR 1300 
ceTTLL-5        ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         SKPLPTQSGALATVIGQRKSKSVKSGTI 1328 
ceTTLL-5        ---------------------------- 
                                             
 
Key: 
Predicted Substrate Interacting Domains 
ATP & Mg2+ Interacting Domains 
Essential ATP-Binding Residues 
Extended TTL-Domain 
Core TTL-Domain 
Cationic MT Binding Domain 
Predicted Frameshift 
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TTLL-9 
CLUSTAL 2.1 multiple sequence alignment 
 
 
mmTTLL9         ---MSRQKNQNSKGHGVSKGKEREQRTLIRFKTTLMNTLMDVLRHRPGWVEVKDEGEWDF 57 
ceTTLL-9        MSSISNELSVTSSQNVISNSKE-QRKKKILFKCALTNTISDVLTNREGWAQTQGD-DWQF 58 
                   :*.: . .*. : :*:.** :::. * ** :* **: *** :* **.:.:.: :*:* 
 
mmTTLL9         YWCDVSWLRENFDHTYMDEHVRISHFRNHYELTRKNYMVKNLKRFRKYLERESGKTEAAK 117 
ceTTLL-9        FWVTREWMTTCYDKHKFSEKQMICHFRNDFELTRKDFLIKNYKKARKAKEK-SGIDVVSE 117 
                :*   .*:   :*:  :.*:  *.****.:*****::::** *: **  *: **   .:: 
 
mmTTLL9         CDFFPKTFEMPCEYHLFVEEFRKNP-GITWIMKPVARSQGKGIFLFRRLKDIMDWRKGTS 176 
ceTTLL-9        FNFLPSSYVLPTEYHLFVEEFRKYPNDTIWIMKPVAGAQGKGIFLFRKLKHVQEWKK--- 174 
                 :*:*.:: :* *********** * .  ******* :*********:**.: :*:*    
 
mmTTLL9         GKKPTGVETQPARANMNPSGSHDTRSSDDQKDDLPVENYVAQRYVENPYLIGGRKFDLRV 236 
ceTTLL-9        -KDSSGSEALP---------------------------YVVQCYVHNPYLVGGKKFDVRI 206 
                 *..:* *: *                           **.* **.****:**:***:*: 
 
mmTTLL9         YVLVMSYIPLRAWLYRDGFARFSNTRFTLNSIDDHYVHLTNVAVQKTSPDYHLKKGCKWM 296 
ceTTLL-9        YVLVTSFRPLNAWVHREGFARFSHSRYSTDSVDDAFVHLTNVAVAKTAADYDPERGLKWS 266 
                **** *: **.**::*:******::*:: :*:** :******** **:.**. ::* **  
 
mmTTLL9         LQRFRQYLASKHGPKAVETLFSDMDNIFIKSLQSVQKVIISDKHCFELYGYDILIDQDLK 356 
ceTTLL-9        LPKLFRFFKSVHGQSKLSKTMNDLTNVIIESLKSVQNLIIQDNHCFELYGYDILFDENLK 326 
                * :: ::: * ** . :.. :.*: *::*:**:***::**.*:***********:*::** 
 
mmTTLL9         PWLLEVNASPSLTASSQEDYELKTCLLEDTLHVVDMEARLTGKEKRVGGFDLMWNDGPVS 416 
ceTTLL-9        PWLLEVNASPSLTASSQEDFELKYRILNHMIDVLDIEKKLIGNENEVGGFDLLIKN---S 383 
                *******************:***  :*:. :.*:*:* :* *:*:.******: ::   * 
 
mmTTLL9         REDGPSDLSGMGNFVTNTHLGCVNDRKEQLRQLFRSLQAQRKAPS 461 
ceTTLL-9        K---PVELCKV-DFHTQPFFG------TQFNLRLGDYVEATPMP- 417 
                :   * :*. : :* *:..:*       *:.  : .       *  
 
Key: 
Predicted Substrate Interacting Domains 
ATP & Mg2+ Interacting Domains 
Essential ATP-Binding Residues 
Extended TTL-Domain 
Core TTL-Domain 
Predicted Frameshift 
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TTLL-11 
CLUSTAL 2.1 multiple sequence alignment 
 
 
mmTTLL11        MRRSSPEKKPEAEWEADAAAAAAATAAATESLPAETEKQQGVDAGAAGDPERLELEEQPK 60 
ceTTLL-11       --MGCKISTEFCSDNPVGSISTSKVHPTDLSTPSYAIKPVEFYEEPLKDDQLFYKVALAK 58 
                   ..  ..  .. :. .: ::: . .:  * *: : *   .   .  * : :     .* 
 
mmTTLL11        DVGRIPTPTRRHAPEEGEARVVRRLPPALPLAQPRP-AARALSQLVKARGRSRSRVYRRS 119 
ceTTLL-11       KEYREKEKDKKEQLSSNRRVSLQVEPNKLPIPLTRSSSLSSIMENRPPSGISNSSFIRSR 118 
                .  *     ::.  ....   ::  *  **:. .*. :  :: :   . * *.* . *   
 
mmTTLL11        AGSMRPVTVDSSKARTSLDALKISLRQLRWKEFPFGR--RLPCDIYWHGVSFRDSDILSG 177 
ceTTLL-11       NTASRRFTIDTSRAKSNQYVVSLCSKKIGIIEYPDGRSDKQPCDVYWHNVVLSDMNKIVT 178 
                  : * .*:*:*:*::.  .:.:. :::   *:* **  : ***:***.* : * : :   
 
mmTTLL11        ----QVNKFPGMTEMVRKVTLSRALRIMQNLFPEEYNFYPRSWILPEEFQLFVSQVQTVK 233 
ceTTLL-11       SPQSRVNKFPGMTELAKKISLTHSISSMQKLFPDEYAFYPNSWFLPAHLADFHAFYRKAQ 238 
                    :*********:.:*::*::::  **:***:** ***.**:** .:  * :  :..: 
 
mmTTLL11        EGDPSWKPTFIVKPDSGCQGDGIYLIKDPCDGRLTGTLHNRPAVVQEYIRKPLLI-DKLK 292 
ceTTLL-11       ALG-KTEMWFIVKPDEGAQGTGIYLINSPNQIRNVDQRQ----LVQEYVADPLLMNDKLK 293 
                  . . :  ******.*.** *****:.* : * ..  :    :****: .***: **** 
 
mmTTLL11        FDIRLYVLLKSLDPLEIYIAKDGLSRFCTEPYQEPNPQNLHHVFMHLTNYSLNIHSGKFV 352 
ceTTLL-11       FDFRVYGVIKSINPLSIYVAREGMARFCTEKYEKPDSSNFKNLYAHLTNYSLNKANEAYV 353 
                **:*:* ::**::**.**:*::*::***** *::*:..*::::: ********  .  :* 
 
mmTTLL11        HS---DSASTGSKRTFSSILCRLSSKGVDIKKVWSDIISLVIKTVIALTPELKVFYQSDI 409 
ceTTLL-11       HSNTLQDQTRGSKRLLSTVFHQLESRGVKTKRLWHDIKLILVKTTLAMLPEIMLHYEHHF 413 
                **   :. : **** :*::: :*.*:**. *::* **  :::**.:*: **: :.*: .: 
 
mmTTLL11        PTGRPGPTCFQILGFDILLMKNLKPMLLEVNANPSMRIEHEYELSPGVFEN----IPSLV 465 
ceTTLL-11       YDS-TGPQCFQIMGFDVMIREDGTPILLEVNAAPSLTADHIVPHPGRTLLEGGQRVRSIV 472 
                  . .** ****:***::: :: .*:****** **:  :*    .  .: :    : *:* 
 
mmTTLL11        DEEVKVAVIRDTLRLMDPLKKKKEIHFPDIYMDRKHRIPPVSDRMSSWKHKGSSLSIVRS 525 
ceTTLL-11       DEVIKIPLVRDTLLLVLGLMEEEYQNN---------------------SLKGETKSLDDM 511 
                ** :*:.::**** *:  * :::  :                      . **.: *:    
 
mmTTLL11        QQMEKSFTSKEDLNCDPTGGDSEPNPEAHLPSICLKQVFPKYAKQFNYLRLVDRMANLFI 585 
ceTTLL-11       QTIKQ---------------RRKPHLSEIFP--------TRYGAHSGHLLFLDKAMYIYM 548 
                * :::                 :*: .  :*        .:*. : .:* ::*:   ::: 
 
mmTTLL11        RFLGIKGTMKLGPTGFRTFIRNCKLSSSSLSMAAVDILYIDITRRWNSVTVDQRDSGMCL 645 
ceTTLL-11       QFVQLRSNVNITNAGLKQFVRKCNLID-IIPVVHVDAKVSEINYYFTGEKRTN-GNGLPF 606 
                :*: ::..:::  :*:: *:*:*:* .  :.:. **    :*.  :.. .  : ..*: : 
 
mmTTLL11        QAFVEAFFFLAQRKFKLQ-PLHEQVASLIDLCEYHLSVLDEKRLLCHRGRPLQRN----- 699 
ceTTLL-11       HAFLMFLFFIAEKKFVLENDLLSKVQRLLSFCDMSLRRYGVRSARLRRAEVDSTIGNVEI 666 
                :**:  :**:*::** *:  * .:*  *:.:*:  *   . :    :*..  .        
 
mmTTLL11        ---PPQMNRPEHSATG---------SSAPRVIGASKLSQS- 727 
ceTTLL-11       YMLPSRMARNRSGTNGRKQNFTDDNNNPNSFAHLPKINERL 707 
                   *.:* * . .:.*         ...  .   .*:.:   
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Key: 
DOMAIN NOT INCLUDED 
Predicted Substrate Interacting Domains 
ATP & Mg2+ Interacting Domains 
Essential ATP-Binding Residues 
Extended TTL-Domain 
Core TTL-Domain 
Cationic MT Binding Domain 
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TTLL-15 
CLUSTAL 2.1 multiple sequence alignment 
 
 
mmTTLL5         MPVVMARDLEETASSSEDEDLANQEDHPCIMWTGGCRRIPVLVFHAEAILTKDNNIRVIG 60 
ceTTLL-15       MGLLDSKLCMMILAVSVLIIDINFEARIGTFFDLRLRTSYFKKSSSPLLSHTDSEEDLNY 60 
                * :: ::      : *      * * :   ::    *   .    :  :  .*.:  :   
 
mmTTLL5         ERYHLSYKIVRTDSRLVRSILTAHGFHEVHPSSTDYNLMWTGSHLKPFLLRTLSEAQKVN 120 
ceTTLL-15       LSKHEDKRPVAIVTGSYESAHTGHMMHIREMFEHTGYKIVTKNELSLDTKWDVMWHHEYS 120 
                   * . : *   :   .*  *.* :*  .  .     : * ..*.      :   :: . 
 
mmTTLL5         HFPRSYELTRKDRLYKNIIRMQHTHGFKAFHI----------LPQTFLLPAEYAEFCNSY 170 
ceTTLL-15       FTQEPFKTLIKNASPNQIVNHVPGSGFYTSKVQLATSDLSNGVPKAFQLPAEKSKLLEYA 180 
                .  ..::   *:   ::*:.     ** : ::          :*::* **** ::: :   
 
mmTTLL5         SKDRGPWIVKPVASSRGRGVYLINNPNQISLEEN-ILVSRYINNPLLIDDFKFDVRLYVL 229 
ceTTLL-15       EKNPDVLWVQKDNTHRN---IKIKSTNDMDLSKNNSFVQKFVDNPLLIDNKKFDIGIYTV 237 
                .*: .   *:   : *.     *:..*::.*.:*  :*.::::******: ***: :*.: 
 
mmTTLL5         VTSYDPLVIYLYEEG-LARFATVRYDQGSKNIRNQFMHLTNYSVNKKSGDYVSCDDPEVE 288 
ceTTLL-15       VTSLLPLRVYIYDGDVLIRFCPEDYHPFDANNVDKYVVGDDYTPIWEINSLKKYFNTQKM 297 
                ***  ** :*:*: . * **..  *.  . *  ::::   :*:   : ..  .  :.:   
 
mmTTLL5         DYGNKWSMSAMLRYLKQEGKDTTALMAHVEDLIIKTIISAELAIATACKTFVPHRSSCFE 348 
ceTTLL-15       SFK-----STIDSYLGMQGMDTSKIWLQIRNIIGEVFRTQQTKMLMSLQNLKLN-PQYFE 351 
                .:      *::  **  :* **: :  ::.::* :.: : :  :  : :.:  : .. ** 
 
mmTTLL5         LYGFDVLIDNTLKPWLLEVNLSPSLACDAPLDLKIKASMISDMFTVVGFVCQDPAQRTSN 408 
ceTTLL-15       LSRFDFVVDDQLNVFLMEANMSPNLSSG---HFKQNQILYEQVLMNIFSLTGISTPITKE 408 
                *  **.::*: *: :*:*.*:**.*:..   .:* :  : .:::  :  :   .:  *.: 
 
mmTTLL5         RSIYPSFESSRRNPFQKPQRTRPLSASDAEMKNLVASAREKVPGKLGGSVLGLSMEEIKV 468 
ceTTLL-15       ADILFKSRTSEQNPLVNSRDIN--LPLKFCVENKCESCDEAPECQLCG--HCMNTETRKI 464 
                 .*  . .:*.:**: :.:  .   . .  ::*   *. *    :* *    :. *  *: 
 
mmTTLL5         LRRVKEENDRRGGFIRIFPTSETWEIYGSYLEHKTSMNYMLATRLFQDRGNPRRSLLTGR 528 
ceTTLL-15       LEQTFVENSNRKQMKRIQFD---YENHHPLTKEDHLLTLWLSTKCQLDNTWC-------- 513 
                *.:.  **..*  : **      :* : .  :..  :.  *:*:   *.            
 
mmTTLL5         ARVSTEGAPELKVESMNSKAKLHAALYERKLLSLEVRKRRRRSGRLRAMRPKYPVIAQPA 588 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         EMNIKTETESEEEEEVGLDNDDEEQEASQEESAGSLGENQAKYTPSLTVIVENSPRDNAM 648 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         KVAEWTNKGEPCCKIEAQEPESKFNLMQILQDNGNLSKVQARLAFSAYLQHVQIRLTKDS 708 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         GGQTLSPSWAAKEDEQMELVVRFLKRASSNLQHSLRMVLPSRRLALLERRRILAHQLGDF 768 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         IGVYNKETEQMAEKKSKKKLEEEEEDGVNAESFQEFIRQASEAELEEVLTFYTQKNKSAS 828 
ceTTLL-15       ------------------------------------------------------------ 
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mmTTLL5         VFLGTHSKSSKNSSSYSDSGAKGDHPETIQEVKIKQPKQQQATEIHADKLSRFTTSSGKE 888 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         AKLVYTNCSSFCSPAAVLLQRLPSSHLSSVITTSALSAGPGHHASLSQIPPAVPSLPHQP 948 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         ALLLSPVPDNAPPSIHSGTQNVSPAGLPRCRSGSYTIGPFSSFQSAAHIYSQKLSRPSSA 1008 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         KAAGSCHPHKHHSGIAKTQKEGEDVSLNRRYNQSLVTAELQRLAEKQAARQYSPASHISL 1068 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         LTQQVTNLNLASSVINRSSASTPPTLRPVISPSGPTWSIQPDLHASETHSSPPGSRSLQT 1128 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         GGFAWEGEVENNAYSKTTGVVPQHKYHPTAGSYQLHFALQQLEQQKLQSRQLLDQSRARH 1188 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         QAIFGSQTLPNSSLWTMNNGPGCRISSATTGGQKPNTLPQKVVAPPNSSTLVSKPASNHK 1248 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         QVLRKPASQRASKGSSAEGQLNGLQSSLNPAAFMPITNSTGSLEAPQVIFARSKPLPTQS 1308 
ceTTLL-15       ------------------------------------------------------------ 
                                                                             
 
mmTTLL5         GALATVIGQRKSKSVKSGTI 1328 
ceTTLL-15       -------------------- 
                                     
 
Key: 
DOMAIN NOT INCLUDED 
Predicted Substrate Interacting Domains 
ATP & Mg2+ Interacting Domains 
Essential ATP-Binding Residues 
Extended TTL-Domain 
Core TTL-Domain 
Cationic MT Binding Domain 
Deletion 
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