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ʦ˾ 

� ʐ̞ɹ͂ʕ7�ʐÄ�¿0�GʐtZ�Ukq�EĶ̖13GČŖ¿4(6ʐ̿ç

K̞ɹ$GĉƑK˽Ň$G͂ʕ0�F�ʐˆ̖�NʜĒĲʐ͌�OʜĒĲʐ͌���

nU[�V�32Ŀǹ3ʐ͌KɉĒƛ$G̶ɺ4��/Ȁ�&3�ƃñKƥ-/�

G
ǟɬɾ07�bN�̓KĖ@d}O�_ʐˆ̖0�GW�[�Ubq6ɉĒƛ4

͑JGʐ̞ɹ͂ʕ4ɧɣ"�̼ ¸ňìƊ4DGʚʬȾɔɠ3ʐˆ̖ɝɅìƊ6ď˅ƒ�

�D9ʐ̞ɹ͂ʕ6ʘ˂ßŢį6̌ʉǿǸ4.�/˼ǦK˧-*
 

W�[�Ubq7bN�̓KĖ@d}O�_ʐˆ̖΃glycosphyngolipidsΐGSLs΄

6ʤɸ0 �̈́.6çňß4˹Ȏƒ̿ç1ɕȎƒ̿ç6�ǉKƩ.�˹Ňƒ6çň0�

GΆ(6çňɻ7ͣŲ4Ŀ�΅˹Ȏƒ6ʐ͌̿ç6Ŀǹƒ1ɕȎƒ6f��qˆ̖̿

ç6Nb�͌6ʹĞŹ6ͽ!4DFȾƍ±�EHG΃Fig. 1A΅Fig. 2 Ά́ɉ¿ß06

ɉĒƛ7ʏŘ4ìƊ!H/�F ş̈́˂¿΃ER 0́Ēƛ!H*f��q�ş˂¿˒��

D9_�c¿ cisǺ0[�^b�f��q΃GlcCer 4́ĽƳ!H c̈́isǺ�medialǺ�

transǺ�p��d_�culp��Z΃TGN΄KʛG̶ɺ0_�c¿4Ţį$Gʐ

̞ɹ͂ʕ4D-/þʐ�ͨȁ̞ɹ!HGΆĒƛ!H*W�[�Ubq7¡4ʘ˂˒ľ

Ŧ4Ŋį"΅̂ �dn���1Ý4ˆ̖�PZ�q�P�1Ĝ8HG˒i�yZ̖6

ö�Kì͕$GƌşͪĴKÁFæ$Ά̂ ̖�PZ�q�P�47ĻȇĪňČŖ¿32

6ʘ˂˒i�yZ̖6Ŀ��͚>F[1] b̈́[r�¸̷6 ʠİȴ13GΆW�[�U

bq7�6ˆ̖�PZ�q�P�0Ŀǹ3ʐ͌Ǹ̮K͹Â"/i�yZ̖6ǿ˅K

ȃ>*7̓4ìƊ$ǦʉĪň1"/6ǿ˅�ƕő!H/�GΆ 

W�[�UbqĒƛ6ĸ13G_�c¿7_�cǺǥ6ɉƛ1ȞŁKʭF̦$ͣŲ

4jPr�lZ4ö�ʘ˂şħŐ0�G[2,3]Ά(6*A΅ōő"*W�[�UbqÄ

ʝ6*A47 ş̈́˂¿0Ēƛ!H*W�[�UbqĒƛ͂ʕ7_�c¿4̴8H*Ɔ΅

(6ǿ˅Kɝƴ$Gĸ0�G_�c¿ß4�őǓ͐ʫɒ!HGƏ˲��GΆ"�"3

�E΅(HE4͑JĠʘ3�V±e�7<1L2J�-/�3�Ά(�0΅ǟɬɾ

07W�[�UbqĒƛ͂ʕ6ʘ˂ß̡̩ǿǸ6˼ǑKɣɠ1"/ Ẅ́�[�Ubq
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GM3Ēƛ͂ʕ΃a-2,3-sialyltransferaseΐST3GAL5΄�D9 GM2Ēƛ͂ʕ΃b-1,4 

N-acetylgalactosaminyltransferaseΐB4GalNAcT1΅B4GALNT1΄6ɻ�6Ľɔ¿

KÁ˯"˼ǦK˧-*Ά  

 

 d}O�_ʐˆ̖7ʘ˂˒ľŦ4Ŋį$G¡˲3ʐˆ̖0�F΅˹ Ȏƒ6ʐ͌̿ç

1ɕȎƒ6ˆ̖̿ç�EǸƛ!HG�˹Ňƒ6çň0�GΆ¡˲3çň1"/7΅ʐ

͌4bN�̓KĖ@W�[�Ubq f̈́��qǸ̮4W�Zp�d�±ó"*W�Z

pb�f��q Ẅ́�Zpb�f��q4ɯ̓Ķ�±ó"*d�}Mkq�ƫ�EH

GΆ��@5 9 ɻ6þʐ�Ǹƛƛç13Gʐ͌̿ç6Ǹ̮Ŀǹƒ7ǃɟɻͰ4ć9΅

(6Ǹ̮6Ⱦɔƒ7ơăCČŖ¿1"/ɥ§̈̐4͑J-/�GΆɕȎƒ̿ç7˒K

Ǹƛ$G��ˆ̖1ȋ̠"/ 6�8 ȳʕ͎�Ǹ̮6f��q͌6ˆʽ̓Ǹ̮KB,΅

ˆ̖¦ͅ˒6ľŦ1ßŦKǾȥ"$G�14DFȽ̡̖̩CƔķ¸̷4�ďȀ3Ǹ

̮KÓ�/�G΃Fig. 1A Ά́W�[�Ubq GM37Û/6W�[�Ubq6î͹¿

13G͋çň0�F΅ǟɬɾ0ɧɣ"* GM3Ēƛ͂ʕ΃ST3GAL5΄4D-/΅p�

�d_�c6ßˌÑ0�Zpb�f��q΃lactosylceramideΐLacCer΄4bN�̓

�̞ɹ"/Ēƛ!HGΆǟɬɾ0ɧɣ"*B�·.6ʐ̞ɹ͂ʕ0�G GM2Ēƛ͂

ʕ΃B4GALNT1 7́ ¡̈́4ˇǵöȽ6ˉɳʛʑ4ɝɅ"˰ĒĲW�[�UbqɉĒƛ

6͋13G͂ʕ0΅GM3΅GD3΅GT3΅LacCer 4 N-Nfk�W�Zp`��΃N-

acetylgalactosaminΐGalNAc Ḱ̞ɹ"/ GM2 G̈́D2 G̈́T2 G̈́A2KĒƛ$G΃Fig. 

2B Ά́  

� ĎÞɠ3W�[�Ubqɬɾ07΅ɉȽɻ΅ʚʬ΅ɘƘȾɔɠ΅�G�7ç÷΅ƛ

͎Ȉ͗324DGɉ¿ßW�[�UbqɝɅyi��6˼Ǧ�˧JH/�F (̈́6ɝ

Ʌ7<=Û/6ʚʬ0˴EHGǔ̵ɠ3çňʱ0�G� ç̈́÷C�L÷1�-*ʘ˂

6ƒȿĽ÷4¹-/ŀ��ɝɅyi���Ľ÷$G�1�ǑE�4!H/�*ΆȾ4

�L÷4��Gʐ͌Ľ÷6ɬɾ�E7Ŀ�6�L̯͑ʐˆ̖�ēő!H[4-7] �̈́L÷

4¹�Ⱦƍɠ3�Lƒʐ͌ɝɅ�V±e�6˼ǦB˧JH/�*[8]Ά 

� ç÷�Ļȇ�6Ƃͦ7ĵͶʘ˂:6W�[�UbqȢóŒͺ�Ŀ�˧JH G̈́M3K
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Ȣó"* HL60ʘ˂0þɆʑʘ˂:6ç÷6̉Ş�ɉ# ǘU�ZpʑW�[�Ub

q6Ȣó07ͬʎɆʑʘ˂:6ç÷6̉Ş�ɉ#G�1[9]΅GM3 7 baby hamster 

kidney΃BHK΄ʘ˂4��/ basic fibroblast growth factor΃bFGF΄0̉Ş!HG

ĻȇKƠì"΅human epidermoid carcinoma ʘ˂΃A431΄4��/ epidermal 

growth factor΃EGF΄0̉Ş!HGĻȇKƠì$G[10]�132�ķę!H*Ά 

� W�[�Ubq6çň���06ÁɋǿŸ1"/7 (̈́6ɝɅĽö4DGˆ̖�P

Z�q�P�6Ǹʊ1ǿ˅ɔŲ�ʴ�EH/�GΆW�[�Ubq7ˆ̖¦ͅ˒4ɕ

ȎƒÑ͌KĳA̤?΅ʘ˂˒ľŦɤ×4˹Ȏƒ̿ç6ʐ͌K̀ʮ$G�10΅^�d

n���11B4ˆ̖�PZ�q�P�KƁƛ$G΃Fig. 1B Ά́ˆ̖�PZ�q�P

�7˒i�yZ̖1ɥ§Áɋ$G�10ʘ˂ľ�E6b[r�Kʘ˂ß4¸�G*

A6 ʠİȴ1"/ǿ˅"/�F Ļ̈́ȇĪňČŖ¿326ʘ˂˒i�yZ̖Cʘ˂ß

6b[r�¸̷çň7ˆ̖�PZ�q�P�4͚ɽ$G[11,12,1,13,14]Ά 

� GM3 6çň���06ÁɋǿŸ�ǑE�13-*²˪Ã1"/7΅P�d��Č

Ŗ¿6ǿ˅ìƊ0�GΆǘê6ɝ˴6ʼȪ�o�öȽ6 Zucker fa/fa�lp1 ob/ob

�Qd6ˆʽʚʬ4��/ ST3GAL56Ļó4¹� GM3ɝɅ͇�ˡ"�Ļó$G1

��ķęKłǿ4[15]΅ST3GAL5 vlZNQp�Qd0P�d��ƗČƒ6ª̱�

˺Ś!HG[16]΅GM3ɝɅ͇K½�!&G[�^b�f��q΃glucosylceramideΐ

GlcCer΄Ēƛ͂ʕ͓Ŕï΃D-PDMP΄Kåɇ$G�10΅ʼȪ�o�öȽ6P�d�

�ƣơƒ�ǀĦ$G[17,18]326ķę�ɥȁ�΅GM31 2Ĳʐšɘ16͑JF4Ȗ

ɣ�͚>-*ΆɅį07΅�6D�3 GM3ɝɅ͇6Ļó4DGP�d��b[r�

Ơì6õǧ7 P̈́�d��ČŖ¿7V�U�1Ĝ8HGʘ˂˒×6�=?Ǹ̮4Ŋį

$G�10P�d��4DGb[r�¸̷K˧��΅̓ Ȫ4¹�V�U�17ë6�

PZ�q�P�KƁƛ"/�G GM3�˒×4Ļó$G�10P�d��ČŖ¿6˒

ɤ×6�b�ȆĶ1 GM36͢͞ȍɠɥ§Áɋ�ɉ#΅P�d��ČŖ¿�V�U�

�E˼͜$G1̊Ǒ!H/�G[19,20]Ά 

� ĵͶʘ˂CʼȪ�o��Qd4DG˼Ǧ1�˧"/W�[�UbqĒƛ͂ʕ̼¸
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ň6vlZNQp�QdBÁ˯!H ɉ̈́¿ß4��GW�[�Ubq6ǿ˅˼Ǧ�̱

AEH/�*ΆGM3 ³͔6W�[�UbqKȀƶ$G ST3GAL5 vlZNQp�Q

d7 ß̈́ʷ^�kħǚȌʘ˂6ʹȌ6˦Ē�ɉ#G�10͝ʹKĘ$GΆßǚȌʘ˂΅

�D9ľǚȌʘ˂6ʘ˂˒×�ʘ˂̖ß6�ǉ4��/΅ʹ˷ʢƩ4̯͑$GʹȌß

çň�(H)HȾƍɠ3ŢįKÈ.�10ʹȌ7ǿ˅KʢƩ"/�GΆ�6ʹȌ6Ɓ

Ƙ1ǿ˅6ʢƩ7ē�ǚȌʘ˂6ʹȌ͐06çň̯ʜ4ÅŊ$G�΅ST3GAL5vl

ZNQp�Qd07΅ßǚȌʘ˂0ʹȌ͐6˦Ē΅ʹȌßçň6Ţį6Ľ÷�ʹ˷Ȟ

ŁǓǛ1ēǓǛ4ɉ#/�F �̈́6ʹȌßçň6Ţį6Ľ÷4DGʹȌ˦Ē�͝ʹK

Ž�̙�$1ʴ�EHGΆʘ˂˒4Ŋį$G GM37΅ǚȌʘ˂6ǿ˅ƒ˒ͪĴ6Ɓ

ƛ�ʢƩ4ͅ˲0�G�1�ɱĢ!H/�G[21,22]ΆÛ/6˰ĒĲW�[�UbqK

Ȁƶ$G B4GALNT1vlZNQp�Qd4��/7 æ̈́ɉɤƆ7ʏňƁƛ�Û4D

Gɏƒ�ńə6°4ͯˡ3ɔŲ7˴EH3��΅͎Ǜ˺Ś6ʜǧ΅ó΁4¹�ɳʛʑ

6̨÷΃ıͻɳʛCˇͼ6ˡ"�Ľƒ1ˈͼ΅̇ �ɳʛKè͖"*͘6àɉ˅6½�΄

�ɉ#G�1�ǑE�13F΅˰ ĒĲW�[�Ubq�ɳʛʚʬ6ÐŲƒʢƩCÉƋ

4ͅ˲0�G�1�ɱ!H/�G[23-25]ΆST3GAL5΅>*7 B4GALNT1 6vlZ

NQp�Qd�ȋ̠ɠ̟Ź3˪ɅĲ0�G64ś" Û̈́/6W�[�UbqKȀƶ$

G ST3GAL5/B4GALNT1j~�vlZNQp�Qd7΅ɉƆ$�4ͅʋ3 Ǩɳʛ

͙ŔKɱ"΅ǎǛ4ȅ©$G[26]ΆST3GAL5 vlZNQp�Qd6<=$;/6˔

ħ4��/ a- b̈́-ʑé6W�[�Ubq�ȞŁ$G�΅͆ɉĲ�Qd07ɝɅ�?E

H3� o-ʑé6W�[�Ubq�ɝɅ$G΃Fig. 2 Ά́o-ʑéBɝɅ"3�

ST3GAL5/B4GALNT1 j~�vlZNQp�Qd�ǎǛ4ȅ©$G�1�E΅

ST3GAL5vlZNQp�Qd4��/7 o-ʑé6W�[�Ubq�ɉĝʢƩ4ͅ˲

3 a-ʑé b̈́-ʑé6W�[�Ubq6ǿ˅K²Ǘ"/�G1ʴ�EHGΆB4GALNT1

vlZNQp�Qd4��/7΅ȆŊ$G GM3 G̈́D3΅d��ʑʐˆ̖6 SM332

�²Ǘǿ˅KB.6�B"H3�Ά 

� ̥ŵzp4��/ ǎ̈́ɝƒ͝ȓƒ/L�LƓʵ �̈́D9 salt-and-pepperəÍ ΃ɦͅ
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Ź6ɪɠ͙Ŕ΅/L�L΅ˇǫÑžə΅ˇǵ΀ɛ΅ͮͤƁƛɔŲ΅ɢˑ˛ʕȒɧ32

KȾƍ1$GəÍʱ΄6Ɠʵ�E ST3GAL56ɗƓ̼¸ňĽɔ�ēő!H/�G[27-

30]ΆN��lb�ŕʑ0˴æ!H* ST3GAL5 ȀƶƓʵ7zp GSLs Ēƛ͂ʕȀƶ

6ǘê6ķę0�F Ŷ̈́ÙǛ4ɝə$Gͅʋ3/L�Ləȿ1˶˷ɔŲKĘ" 2̈́0Ȅ

îƆ0ȅ©$GΆ>*΅(6Ɔ}��d0˴æ!H* ST3GAL5ȀƶƓʵ07͝ʹB

ķę!H/�GΆB4GALNT16ɗƓ̼¸ňĽɔ7ZQR�p P̈́i�N Ǘ��q�

U�j��N��lb�6ŕʑ΃7�ʒ4ʌĬ��b�x±NŪ4ɹ¾"*ÈŌȚN

��lb�ŕʑ΄4��/΅˰ĒĲ̼¸ƒɚƒś΀ɛ΃±���yk�΅şˉŁ̌΅

ˉǲ6ˠˣ÷΅ʏɳɝ̷̳ź΅ɚƾ΅͝ʹ΅ʣ˒˛ʕĽƒə΅;Ϳɜ32K1B3�

ɗƓ ǹ́6əȿ��GƓʵ0ēő!H/�G[31-33]ΆvlZNQp�Qd1zpȀƶ

ƓʵKȋ̠$G1΅zp6˪ɅĲ�DFͅʋ0�G�1�J�GΆzp1�Qd6˪

ɅĲ6̸�K˼Ǒ$G47΅W�[�Ubqʚƛ΅̼¸ňɝɅʅK!E4ȋ̠Ƕ̀"

/��Ə˲��F΅®Ɔ6̋ͭ0�GΆ 

 

� ST3GAL57�Ĳ6˒i�yZ̖0�F΅(6ßˌÑ4Ŀ�6ɉȽɻ6bN�̞̓

ɹ͂ʕ0ͽŹ4ÈŊ!H*bN���k�} L΅S΅VSKB.Ά>*΅ST3GAL57

bN�̓K̞ɹ$GW�[�UbqĒƛ͂ʕ0�G�΅ēǓ4˖̝� N ʜĒĲʐ͌

É͵KČ�Gʐi�yZ̖0�GΆ NʜĒĲʐ͌7i�yZ̖6N�v̓̀é Asn-

X-Ser/Thr̀é6Ndy�Y�΃AsnΐN Ñ́͌6N�qʀʕăň4ʐ͌�ʜĒ$GB

60΃Xΐ¶Ɩ6N�v̓ȆĶ΅Serΐf��΅Thrΐd�U±�΄̈́ ͽ��v�dĲ

΃high mannose΄̈́ ȡĒĲ΃hybrid΄̈́ ˰ĒĲ΃complex ʐ́͌4çͰ!HGΆ�˚4΅

ˇǵöȽ4��/ ͽ̈́��v�dĲʐ͌7ş˂¿0ʳ̃1ēǓ4±ó!HGΆ(6Ɔ΅

ȃ"�}T��oO�["_�c¿4̴8H*ʐi�yZ̖7!E3Gʐ͌É͵K

Č�΅wP~�lpĲC^���lZdĲ4ʐ͌ƛȹ�̱@Ά�Qd ST3GAL57ɉ

Ēƛ̶ɺ0ßˌÑ4 3Vƞ΃180N΅224N΅334N΄NʜĒĲʐ͌6É͵KČ�΅�HE

6ʐ͌7͂ʕșƒ4Əͩ0�G[34]Ά 
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�Qd ST3GAL5 47̞á͏Ņİȴ6ɔ3G 2 ɻͰ6 mRNA x�N�p΃a-type΅

b-type΄�Ŋį$GΆʻ˔ʚʬ4��/ mRNAɝɅ͇� a-type΅b-typeÝ4°˔ħ

4ȋ;/ˡ"�½�4B͑JE%΅GM3 Ēƛșƒ�̈AEHG1��̊Ǒ�.�͝

�ʜǧ�ƉEH/�*�1�E΅ʚʬȾɔɠ3ǈ˵ mRNA x�N�p�Ŋį$G�

1�ʴ�EH*ΆST3GAL56ɝɅ̌ʉ7̞á+�03�ʳ̃���0B˧JH/�

F΅a-type�E7 NǞʃ6͎!�ɔ3G 3ɻͰ6NPg}T��΃M1-ST3GAL5ΐ

69 aa΅M2-ST3GAL5ΐ42 aa΅M3-ST3GAL5ΐ14 aa΅ǃŉ7ʘ˂̖Ñ NǞʃN�

v̓ǃKɱ$΄�΅b-type �E7 2 ɻͰ6NPg}T��΃M2-ST3GAL5΅M3-

ST3GAL5 �́Ēƛ!HG[35]΃Fig. 3 Ά́ST3GAL56đNPg}T��΃M1-ST3GAL5΅

M2-ST3GAL5 M̈́3-ST3GAL5 6́ʘ˂ßŢįKȋ̠$G1 M̈́1-ST3GAL57ş˂¿

4΅M2-ST3GAL57_�c¿1�gg��4΅M3-ST3GAL57_�c¿4Ţį"΅

M1-ST3GAL5 6ş˂¿Ţį÷7 M1-ST3GAL5 6ʘ˂̖ͪĴ6?4Ŋį$G_�c

¿-ş˂¿̪͐˧̡̩b[r�΃R-based motif΄4DG�1Kķę"/�G[35]ΆR-

based motif7¡4 IIĲ˒i�yZ̖6̪˧̡̩b[r�1"/ǿ˅$G�1�ɪE

H/�G�[36]΅ġ¢Ͱ6W�[�UbqĒƛ͂ʕ4��Gķę7 ST3GAL5�ǘê

0�G[35]Ά_�c¿0ǿ˅$G ST3GAL5�ş˂¿4Ţį$GNPg}T��KB

.�16ɉɇɠƖʲ7Ʌį61�I�Ǒ0�G�΅M1-ST3GAL5 � GM3 ɉĒƛ4

��/ͅ˲3ƃñKƥ�1´ő$G1 °̈́6W�[�UbqĒƛ͂ʕ0Bēǹ6NP

g}T���Ŋį$Gď˅ƒ�ʴ�EH*ΆM3-ST3GAL5 7ōő"/_�c¿4Ţ

į"΅GM3 KĒƛ$G�΅(6_�c¿ʫɒ�V±e�7ǑE�43-/�3�Ά

_�c¿6Ǻ7�̶ɠ3Ǹ̮0�F΅ş˂¿�EƷæ!H* COP�˫˳ş˂2�"

�˦Ē"/bdǺKƁƛ"΅Ƈ�4�oON�Ǻ΅p��dǺ1ƛȹ"΅p��d_

�cʣ:ƒ̖KĽ�Ǻ7ȞŁ$GΆōő"/_�c¿4Ţį"ʡ�3�EÉ͵K˧�

W�[�UbqĒƛ͂ʕ7΅ƛȹ"*Ǻ�EDFǝȹ3Ǻ:΅W�[�UbqĒƛ�

˧JHGĸ:Ų4̡̩!HG�1�Ə˲360�GΆ  
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� ʄ·ʂ07  ̈́ʻ˔4��/ GM3Ēƛ͂ʕ6 mRNA΃a-type b̈́-type ɝ́Ʌ͇�½

�4B͑JE% GM3 Ēƛșƒ�Ƕæ!HGɇɍ1"/΅ʻ˔Ⱦɔɠ4ͽ�ǈ˵

mRNAx�N�p΃c-type΄6ɝɅ��G�1Kɱ"*[37]Ά 

� ʄ 2ʂ07΅B4GALNT1�ǈ˵mRNAx�N�p΃variant 2΄KB,΅�6ǈ

˵ mRNA �E R-based motif KB. M1-B4GALNT1 �ʳ̃!HG�1Kɱ"*Ά

!E4΅R-based motif KB*3�ǌɪ6NPg}T��0�G M2-B4GALNT1 1

M1-B4GALNT1��n�jP��KƁƛ$G�10 M̈́2-B4GALNT1��jP��

DFBͽ�ōőƒKB.�1�ɱ!H*Ά˘ěȠ��14΅�6ōőƒ6ĕ×7ş˂

¿:6̪˧̡̩073�_�c¿ʫɒ4ÅŊ$GB60�F΅B4GALNT1 4��/

R-based motif�_�c¿ʫɒb[r�1"/ǿ˅$G�1�ɱĢ!H*[38]Ά 

� ʄΉʂ07΅ST3GAL5΅�D9 B4GALNT1 6ş˂¿�E_�c¿:6Ʒæb[

r�1!HG[R/K](X)[R/K]̀é6˼ǦK˧-*Άʘ˂̖ͪĴ6˒̬̔ͪĴ̥Ò47΅

ş˂¿�E_�c¿:6Ʒæ4Ə˲3[R/K](X)[R/K]̀é�Ŋį$G1ķę!H/�

G[39]Ά�6̀é�Û͎M3-ST3GAL5 �̈́D9Û͎M2-B4GALNT14ć=$ƂͦK

ʏǭ"*ʜǧ [̈́R/K](X)[R/K]̀éDFB~��q3N�v̓̀é΃R/K-based motif΄

� ST3GAL56ş˂¿Ʒæ4͑�$G�1΅B4GALNT17 R/K-based motif6°4

ßˌÑͪĴ�͑JGş˂¿ƷæǿǸ��G�1KǑE�4"*Ά!E4΅M3-

ST3GAL56 R/K-based motif6̿çĽɔ¿07΅ʘ˂ßŢį6Ľ÷΅ßˌÑͪĴ6

N ʜĒĲʐ͌6ƛȹŹ6Ľ÷΅�D9͂ʕ6ōőƒ6ȤŠ�ɉ#G�1K˴æ"*Ά

�HE6ʜǧ�E΅ʘ˂̖ͪĴ6 R/K-based motif 7ş˂¿Ʒæ6?3E%΅M3-

ST3GAL5 6ōő"*_�c¿ʫɒǿǸ4Bͅ˲3ƃñKB.�1�ɱĢ!H*[40]Ά 

� ³×6�1�E B̈́4GALNT107̪˧̡̩b[r�1"/ǿ˅$G R-based motif

�΅ST3GAL507ş˂¿Ʒæb[r�1"/ǿ˅$G R/K-based motif�΅(H)

H_�c¿ʫɒǿǸ4Bŗ�"/�G1��ǈɪ˴�ƉEH*Άʐ̞ɹ͂ʕ6ʘ˂ß

̡̩ǿǸ4͑JGĪň7æ˝͂Ȋ�Eġ¢Ͱ>0ŷ�ÈŊ!H/�G�1�E ǟ̈́ɬ

ɾ0ƉEH*ɪ˴KB14̡̩4͑JGçň6ēőḴA/���10 Ŀ̈́�6ɉȽ
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ɻ6ʐ̞ɹ͂ʕ6ʘ̿ßöƘ6˼Ǒ4ʫ�G�1�ǛƄ!HGΆ 
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ʄ·ʂ GM3Ēƛ͂ʕ6ʻ˔Ⱦɔɠ3ǈ˵ mRNAx�N�p6ēő 

ʄ·ʉ Ÿ̍ 

� GM3 6ɉɇŋɠͅ˲ƒK˼Ǒ$G*A4΅ST3GAL5 vlZNQp�Qd�Á˯!H΅

(6ǿ˅�ʏǭ!H/�*ΆɅį΅ST3GAL5-KO �Qd7΅ST3GAL5-Exon3-KO

΃ST3GAL5-Ex3-KO Ë́x3ΐ͏ Ņ^q��Ŋį$G 1́ S̈́T3GAL5-Exon5-KO΃ST3GAL5-

Ex5-KO΅Ex5ΐ˽ŇͪĴ�Ŋį$G΄6Έ.6ʑʞ��G΃Fig. 4΄[41,16]ΆêA4΅b

N�̞̓ɹ6˽ŇͪĴ0�GbN���k�} LK^�q$GSXg� 5΃Exon5ΐEx5΄

KuU�Pb�΃Neo΄ʁ ƒ̼¸ň4ʮ�Ƴ�* ST3GAL5-Ex5-KO�Qd�Á˯!H*Ά

ST3GAL5-Ex5-KO�Qd6ˉ ͻ̈́Ǳʆ΅̂ ʽʚʬ0 GM3Ēƛ�ȞŁ$G�1�ķę!H

/�G[16]Ά͏Ņ^q��Ŋį$G Ex3 K Neo ʶƒ̼¸ň4ʮ�Ƴ�* ST3GAL5-Ex3-

KO�Qd6˼Ǧ�E7΅ßʷ΅˄ˏʘ˂ T̈́ʘ˂4��/ GM3Ēƛ�ȞŁ$G�1Kķ

ę!H*[21,22,42]Ά�HE6˼Ǧ�E΅ST3GAL57 Ex5΅Ć7 Ex3�Ȁƶ$G1 GM3

Ēƛșƒ7ŁJHG1ʴ�EH*Ά"�"3�E΅ST3GAL5-Ex3-KO �QdKɋ�*˼

ǦḴAG 0΅ST3GAL5-Ex3-KO 6ʻ˔4��/J%�3�E GM2 �Ƕæ!HG�

1΅ā,΅GM3Ēƛșƒ�ȆŊ"/�G�1K˴æ"*ΆST3GAL5-Ex5-KO�Qd6ʻ

˔07 GM3΅GM26ɝɅ7˴EH3�-*Ά� �  

� �H>06͆ɉĲ�Qd6˼Ǧ4��/B΅ʻ˔ʚʬ0ͽ� GM3 Ēƛșƒ�̈AEH

G4B͑JE%΅a-type΅b-type �ǉ6 mRNA ɝɅ͇�°˔ħ4ȋ;/ˡ"�½�1�

�ɩɦ�Ŋį"/�*[35]Ά�6Ʌ̒K̊Ǒ$Gď˅ƒ1"/΅ʚʬȾɔɠ3ǈ˵mRNA

x�N�p�Ŋį$G�1�ʴ�EH*Άǟʂ07΅ʻ˔4��G ST3GAL56ɝɅǿǸ

6˼ǑKɣɠ1"/΅ʻ˔ʚʬ6 cDNAKɋ�*̇ʘ3˼ǦK˧-*Ά 

� �Qd07΅ST3GAL5 K^�q$G mRNA 1"/΅̞á͏Ņ¼ʮ�ɔ3G a-type 1

b-type �ķę!H/�G[43,44]Άa-type 07 Ex1 4͏Ņ^q� M1 �Ŋį$G�΅��

X�dX�±�[bdn�4D-/ Ë́x34Ŋį$G͏Ņ^q�M2 M̈́3�EBʳ̃�ɉ

#GΆ�ǉ b̈́-type07̞á͏Ņİȴ6 Ex247͏Ņ^q��ȵ� ä́-type1Ý̬6͏Ņ

^q� M2΅M3 �Eʳ̃�ɉ#G[35]Ά�HE6 M2΅M3 6͏Ņ^q��Ŋį$G Ex3
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K Neoʶƒ̼¸ň4ʮƳ"*ĸĒ ä́-type�E6̞áɊȽ7 GM3ĒƛșƒKƩ*3��

ŎÛ3i�yZ̖�Ēƛ!H΅b-type �E7̞á˖¿�̙�E3�Ά�HE6�1�E΅

a-type΅b-type³ľ6ǈ˵mRNAx�N�p�ʻ˔0ɝɅ"/�G�1�¤ƕ!H*Ά  

� ͆ɉĲ�Qd6ʻ˔�EƤæ"* totalRNA Kɋ�* 5’-RACE ˼ǦʅK˧��14D

F΅ʻ˔47ͽ�ɝɅKɱ$ǈ˵mRNAx�N�p΃c-type΄�ɝɅ"/�G�1�ǑE

�13-*Ά 

³×6�1�E΅͆ɉĲ�Qd6ʻ˔0 a-type΅b-type 6ɝɅ͇�½�4B͑JE%ͽ

� GM3Ēƛșƒ�̈AEHGɅ̒7ʻ˔Ⱦɔɠ4ɝɅ$G c-type6Ŋį4ɍǣ"/�*

�1΅>*΅c-type �Eʳ̃!HG¬Ŭɠ3d��Pb�[NPg}T���Ēƛ!HG

�1� Ex3-KO 6ʻ˔4��G GM3 Ēƛșƒ6ȆŊ6ɇɍ0�G�1KǑE�4"*

[37]Ά 
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ʄΈʉ ʜǧ 

ʄ·ͧ ST3GAL5-Ex3-KO�Qdʚʬ΃ʻ˔΅ˉ΄6ʐˆ̖˼Ǧ 

� ͆ɉĲ�D9 Ex3-KO6ʻ˔�Eʤˆ̖KƤæ"΅̓ƒʐˆ̖1 ƒʐˆ̖6ʚƛKȋ

̠"*Ά͆ ɉĲ6ʻ˔6¡3W�[�Ubq7GM20�F G̈́M3BJ%�4Ƕæ!H*Ά

(H4ś"΅Ex3-KO 6̓ƒɐç6 GM2 7͆ɉĲ1ȋ̠"/ʓ 50%4ȤŠ"΅ɯ̓÷ʐ

ˆ̖΃d��ʑé΄6 SM3΅SM2a�Ƕæ!H*Ά ƒɐç07΅͆ɉĲ0ÀBǶæ!H

3�64ś"΅Ex3-KO07 LacCer1 o-ʑé6 GA2�Ƕæ!H*΃Fig. 5A Ά́Ex3-KO

6ʻ˔4��/ɰ̈!H* LacCer6ˢɽ �̈́D9 GA2 S̈́M3 S̈́M2aĒƛ6ª̱7 GM3

Ēƛșƒ6½�KɱĢ"/�G� G̈́M2�Ƕæ!H*�10ŎÛ47 GM3Ēƛșƒ�Ȟ

Ł"/�3��1Kɱ"/�GΆ 

� !E4΅̄ 6ˆ̖ʚƛK͆ɉĲ1 Ex3-KO0ȋ̠"*Ά͆ ɉĲ6̓ƒɐç07 G̈́M34

!E4ʐ�̞ɹ"/Ēƛ!HG a-΅b-΅c-ʑé΃GM1΅GD1a΅GD1b΅GT1b΄�ɝɅ"

/�G64ś"΅Ex3-KO 07 LacCer 0çŨ$G o-ʑé΃GM1b΅GD1a΄̈́ �D9d�

�ʑé6 SM1a4b}p"*Ά ƒɐç07΅͆ ɉĲ0Ƕæ!H3�-* LacCer G̈́A2΅

GA1 �΅Ex3-KO 0Ƕæ!H*΃Fig. 5B Ά́�HE6ʜǧ7΅ˉ0ŎÛ4 GM3 Ēƛșƒ

�ȞŁ"*�1Kɱ"/�GΆ 

ʄΈͧ ST3GAL5-Ex3-KO�Qdʻ˔6mRNA΃a-type΅b-type΄ɝɅ˼Ǧ 

� �Qd ST3GAL5 6 mRNA 47΅¦.6p��dZ��b�r�x�N�p΃a-type

1 b-type΄�ķę!H/�GΆFig. 6A4ɱ$D�4΅a-type7 Ex1�E̞á�͏Ņ!H

G�΅Ex2 �d��Pb�[!HG*A΅Ex1 �E Ex3 4̯ʜ!HGΆƈ-/΅Ex1 1

Ex44̂˿"*��P��΃F1-primer1 R4-primer΄Kɋ�/ PCRK˧�1 321bp6

Ǉȼ�Ļų!HGΆ�ǉ΅b-type 7 Ex2 �E̞á�͏Ņ!H΅Ex3 4̯ʜ!HG*A΅

Ex21 Ex44̂˿"*��P��΃F2-primer1 R4-primer΄Kɋ�/ēǹ4 PCRK˧

�1 265bp6Ǉȼ�Ļų!HGΆEx3KNeoʶƒ̼¸ň0ʮƳ!H* Ex3-KO4��/΅
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Neoʶƒ̼¸ň�d��Pb�[!HG�10΅a-type 07 Ex1 �E Ex4:΅b-type 0

7 Ex2�E Ex4:ɤư̯ʜ!HGď˅ƒ��GΆ(6ĸĒ΅F1-΅R4-primer07 197bp

6Ǉȼ a-type-/-� F̈́2- R̈́4-primer07 141bp6Ǉȼ b-type-/-�(H)HĻų!HG1¤

ƕ!HGΆ 

� ͆ɉĲ�D9 Ex3-KO6ˉ1ʻ˔�EĒƛ"* cDNAK͉Ĳ1" F̈́1- F̈́2- R̈́4-primer

6��P��Kɋ�* RT-PCRK˧�΅(H)H6ʚʬ06 a-΅b-type6 mRNAɝɅK

Ƕ̄"*΃Fig. 6B Ά́(6ʜǧ΅͆ɉĲ6ˉ0 a-΅b-type6�ǉ6ɝɅ�΅ʻ˔0 a-type

6?6ɝɅ�Ƕæ!H΅�HE7Ɯ��³îķę"*�N�i� PCR 6ʜǧ1�˗"*

[35]Ά>* Ë́x3-KO6ˉ07 a-type-/-1 b-type-/-�΅̒ ˔07 a-type-/-6ɝɅ�Ƕæ!H΅

(H)H6ɝɅ͇B͆ɉĲ1Ͱº"/�*Ά�HE6ʜǧ7 Ë́x3-KO4��/ S̈́T3GAL5

6mRNA7 Neoʶƒ̼¸ň4ʮƳ!H*ͪĴ�d��Pb�[!H* a-type-/-1 b-type-

/-1"/ɝɅ"/�G�1Kɱ"/�GΆ"�"3�E ä́-type-/-�D9 b-type-/-�E7 }̈́

���b}p΅͏Ņ^q�6Ȁƶ4DF GM3 Ēƛșƒ6�G ST3GAL5 �Ēƛ!HG�

173�-*Ά 

ʄΉͧ ǈ˵ ST3GAL5 mRNAx�N�p΃c-type΄7ʻ˔Ⱦɔɠ4ɝɅ$G 

� Ex3-KO6ʻ˔0 GM3Ēƛșƒ�ȆŊ$Gɇɍ1"/ N̈́eoʶƒ̼¸ň1ʮƳ"* Ex3

ͪĴ�d��Pb�[!H/B GM3 ĒƛșƒKŁJ3�ǈ˵6 mRNA x�N�p�Ŋ

į$G1¤ƕ"*ΆNCBI Geneo�i��d΃https://www.ncbi.nlm.nih.gov/gene΄4ɞ

͊!H* ST3GAL5 6 mRNA x�N�p6>1AK Fig. 7 4ɱ$Ά�H>04Ώ.6

mRNA�ķę!H/�F ǈ̈́˵ ExX1 Ë́xX2�Ŋį$G mRNABǈ*4ķę!H/�*Ά

�HE mRNA K̞á͏Ņİȴ4D-/ŀ��³�6Ί.4çͰ"*Ά̞á͏Ņİȴ��

Ex10�G a-type΃a1-΅a2-΅a3-΅a4-type΄̈́ �Ex20�G b-type΃b1-΅b2-type΄̈́ 	

ǈ˵ ExX20�G c-type΃c1- c̈́2-type΄̈́
Ex1DF×ț�E̞á!H P̈́�p�� Ë́x2΅

ǈ˵ ExX1>0�d��Pb�[!H%4Û/Ė>HG d-type΅0�GΆ�HE6�,΅ 

Ex4�d��Pb�[!HG 4.6x�N�p΃a3- ä́4- b̈́2- c̈́2-type΄7΅bN�̞̓

ɹ6˽Ň̿¼�Ŋį$G�΅˒̬̔ͪĴ1¤Ȩ!HG Ex.46ȀŁ6*A΅ʘ˂ß0 GM3
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Ēƛ4͑�$G�173�1ʴ�EHGΆD-/΅ST3GAL5 K^�q$G mRNA 7΅

a1-΅a2-΅b1-΅c1-΅d1-type0�F΅�HE6x�N�p6 0΅Ex3�d��Pb�[

!H*mRNA� ST3GAL5K^�q$G ORFKB.1¤Ȩ!HG67 c1-type6?0�

GΆ͆ɉĲ�Qd4��/ c1-type 6̞á͏Ņİȴ0�G ExX24 ST3GAL5 6͏Ņ^q

�7Ŋį&% Ë́x34Ŋį$G͏Ņ^q�M2΅M3�Eʳ̃�˧JHG1ʴ�EHGΆ�

ǉ΅Neo 4ʮƳ!H* Ex3 ͪĴ�d��Pb�[!H* Ex3-KO �Qd6 mRNA΃c1-

type-/-΄07΅}���b}p4D-/ ExX24N�nO}Ob��3͏Ņ^q� M*�ǈ

*4ɉ#΅�H4DF΅͆ɉĲ1ʘ˂̖ͪĴ6 NǞʃN�v̓̀é+��ɔ3F΅˽Ňͪ

Ĵ7ȆŊ$G ST3GAL5΃M*Ĳ΄�ʳ̃!HG1¤ƕ!HG΃Fig. 8A΅B Ά́(�0΅c1-

type 6ɝɅKɰ̈$G*A΅͆ɉĲ�D9 Ex3-KO 6ʻ˔�EĒƛ"* cDNA K͉Ĳ1

"΅ExX21 Ex44̂˿"*��P��΃FX-primer1 R4-primer΄Kɋ�/ RT-PCRK

˧-*1�I ¤̈́Ȩ̬F͆ɉĲ0 261bp Ë́x3-KO0 137bp6Ǉȼ�Ļų!H*΃Fig. 8C΅

D Ά́�HE6ʜǧ7΅͆ɉĲ6ʻ˔4��/΅ǈ˵ mRNA x�N�p6 c1-type �ɝɅ

"/�G�1΅�D9΅Ex3-KO 6ʻ˔4��/΅ST3GAL5 6 mRNA 7 Neo ʶƒ̼¸

ň4ʮƳ!H*ͪĴ�d��Pb�[!H* c1-type-/-�ɝɅ"/�G�1Kɱ"΅Ex3-

KO6ʻ˔0M*-ST3GAL5�ɝɅ$G�1KɱĢ"/�GΆ 

� ȁ4΅ʻ˔³ľ6ʚʬ0B c1-type 6ɝɅ�˴EHG6�΅͆ɉĲ�Qd6ʚʬ�EĒ

ƛ"* cDNAKɋ�/�N�iP� PCR0˼Ǧ"*Άˉ΅ʿ΅Ǝ˔΅ŀˍ΅˄ˏ΅ˊ˔΅

ˀ΅ʏū΅˓˔΅ˋ˔΅ʻ˔΅şˍ΅ˆʽ΅ː˃Kɋ�*˼Ǧ6ʜǧ΅ʻ˔0ˡ"�ͽ�

ɝɅ�̈AEH*΃Fig. 9A Ά́  

� !E4΅ˁɉ 14.5Ǎ΅æɉƆ 10Ǎ 1̈́4Ǎ 6̰̈́΁ 2̈́5̰΁6͆ɉĲ�Qd6ʻ˔�E

Ēƛ"* cDNAKɋ�/đmRNAx�N�p6ɝɅK�N�iP�PCR0˼Ǧ"*΃Fig. 

9B Ά́ˁ ɉ 14.5Ǎ07¡4 a-type�ɝɅ"/�G� d̈́n�c�̱@4̯H/ c1-type6

ɝɅ�ˡ"�×ǐ"/�*Ά�6ʜǧ7΅ʻ˔4��G ST3GAL5 ̞áìƊǿǸ�ɝɉ�

ƛ͎6dn�c4DFb}p$G�1KɱĢ"/�GΆ 

ʄΊͧ ǈ˵ ST3GAL5 mRNAp��dZ��b�r�x�N�p΃c1-type΄6̞á͏
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Ņİȴ6˼Ǧ 

� c1-type6̞á͏ŅİȴΐTranscriptional start sites ΃TSSs΄KǑE�4$G*A4΅

͆ɉĲ�Qd6ʻ˔�EƤæ"* totalRNAKɋ�/ 5’-RACE ˼ǦK˧�΅c1-type 6 5’

Ǟʃ̀éKĖ@ 34Ê6Z���KƉ (̈́HE6̀éKȑő"*΃Fig. 10 Ά́͏ Ņ^q�M*

DF×ț�E̞á�͏Ņ!HGZ���7 34 Ê  1 Ê6?0�-*Ά³×6ʜǧ7΅ʻ

˔4��/ c1-type7ͽ�ɝɅ�˴EHG�΅M*-ST3GAL5Kʳ̃æǣG c1-type7ͣŲ

4͕ő!HG�1KɱĢ"/�GΆ 

ʄ΋ͧ M*-ST3GAL56ʘ˂ßŢį1 in vivo4��G͂ʕșƒ6̅Æ 

� M*-ST3GAL56 in vivo4��G GM3ĒƛșƒǨ;G*A4΅Ex3-KO�Qdɍǣ

6ˁÙʪʢ˝ʘ˂MEFST3GAL5-/-΃mouse embryonic fibroblasts΄4΅M3-ST3GAL5�D

9 M*-ST3GAL5 K��kQP�d0ōőɝɅ!&΅ơ ST3GAL5 ơ¿0QSdi�~�

lnO�[K˧-*΃Fig. 11A Ά́M3-ST3GAL5΅M*-ST3GAL571B4b�[�x�q

0Ƕæ!H΅M*-ST3GAL5 6ɝɅ͇7 M3-ST3GAL5 1ȋ̠"/J%�4½�-*Άȁ

4΅�HE6ʘ˂�Eʤˆ̖KƤæ"΅ˆ̖˼ǦK˧-*΃Fig. 11B Ά́MEF ST3GAL5-/-6̓

ƒɐç07 o-ʑéW�[�Ubq0�G GM1b 6?΅ ƒɐç07[�^b�f��q

΃GlcCer΄̈́LacCer [̈́��ʑé6 Gb3 G̈́b4�Ƕæ!H*ΆMEF ST3GAL5-/-4M3-ST3GAL5

>*7 M*-ST3GAL5 KɝɅ!&*ĸĒ΅�ʵ0̓ƒɐç4 a-ʑéW�[�Ubq0�G

GM3΅GM2΅GM1΅GD1a�ǈ*4Ēƛ!H΅ ƒɐç0 LacCer΅Gb3΅Gb46ȤŠ�

ɰ̈!H*ΆM3-΅M*-ST3GAL5 6ˆ̖ʚƛ7ɻͰ΅ɝɅ͇1B4Ͱº"/�F΅M*-

ST3GAL57 in vivo0M3-ST3GAL51ēǹ6͂ʕșƒKƩ.�1�ɱ!H*Ά 

� ST3GAL54��/΅ʘ˂̖ͪĴ6 NǞʃN�v̓̀é7΅ʘ˂ß̡̩4͑JG�1�

ɱ!H/�G[35]ΆM*-ST3GAL5 6 N ǞʃN�v̓̀é7 M3-ST3GAL5 1ŀ��ɔ3

G*A΃Fig. 8B΄̈́ MEF ST3GAL5-/-4ɝɅ!&*M*-ST3GAL56ʘ˂ßŢįKơ ST3GAL5

ơ¿Kɋ�*͐ư˥×ơ¿ȕ0˺Ś"*΃Fig. 11C Ά́MEF ST3GAL5-/-4ơ ST3GAL5ơ¿K

ĉƑ!&/B˥×7˺Ś!H3�-*�ǉ0΅M3-ST3GAL5΅�D9M*-ST3GAL5Kɝ

Ʌ"*ʘ˂07_�c¿6��V�i�yZ̖0�G GM130 1�̿ÝŢįKɱ$ʘ˂ß
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ùɐ�Ǫ˛!H*Ά�6ʜǧ7΅M*-ST3GAL57M3-ST3GAL51ēǹ4΅ş˂¿�E_

�c¿:̡̩!HG�1Kɱ"/�GΆ 
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ʄΉʉ ʴŚ 

� ǟʂ6ʜǧ7΅ST3GAL5-Ex3-KO �Qd6ʻ˔4��/ GM3 Ēƛ6ȆŊșƒ�̈A

EHG�17΅ʻ˔Ⱦɔɠ3ǈ˵ mRNA x�N�p6Ŋį4ɍǣ$G1��´̊KƿƩ

"/�GΆ³�4΅(6ǰƧĶ;GΆ 

� �˚4΅̼¸ň̞á7]v��Z��k�Ǹ̮K1G�10ìƊ!H΅zdp�6ʳ̃

ƆÉ͵7°6Z��k�Īň11B4̞á���Ǩʉ$G�1�ɪEH/�GΆ̼¸ň

̞áìƊǿǸ4��/΅Z��k�KǸƛ$Gzdp� H2A΅H2B΅H3΅H46Nfk�

÷C�k�÷6ʳ̃ƆÉ͵�ͅ˲0�F΅zdp� H3 N�vǞʃ�E6 4 ɓɣ6�b�

΃K΄6�v�k�÷΃H3K4me1΄7S�w�`�ͪĴ4΅p��k�÷΃H3K4me3΄

7����i�ͪĴ4Ŋį"΅2,EB̞áșƒ÷1̯͑$G[45,46]Ά�6D�3̞áì

ƊǿǸK˼Ǧ$Gm��6�.1"/΅ChIP-seq ȕ�ƫ�EHGΆChIP-seq ȕ7΅Z�

�k�ØɖȒ͔ȕ΃chromatin immunoprecipitation: ChIp 1́ȁ�²b�ZS�`�Kʚ

?ĒJ&*˼Ǧȕ0�F΅ØɖȒ͔4DFĩĊ"* DNA Ǉȼ6̚ͽ̭b�ZS�b�[

K˧��10΅zdp��k�÷32Z��k�Ǹ̮Ľ÷6S|cRunOlZ3É͵C

̞á̌ʉĪň6]v�×6ʜĒ̿¼Kʣʯɠ4˼Ǧ$G�1�æǣGΆĬ͘S|]v��

�cRZpʅ0ƉEH*ǹ�3öȽɻ΅ʘ˂6 ChIP-seq ˼Ǧo�i7΅encyclopedia of 

DNA elements: ENCODE΃https://www.encodeproject.org΄C ChIP-Atlas (http://chip-

atlas.org/)1�-*o�i��d×0(6Ŀ��Ü͏!H/�GΆ 

� ST3GAL5 ̼ ¸ ň 6 � � � � i � ̿ ¼ 6 Ư ʖ 6 * A ΅ ENCODE

΃https://www.encodeproject.org΄4ɞ͊!H/�G�Qdʚʬ΃ˁɉ 14.5 Ǎ΃E14.5΄̈́

8 ̰΁΃8w΄̈́ 24 ̰΁΃24w΄́ 6 H3K4me3 6 ChIP-seq ȕKɋ�*˼ǦʜǧK USCS 

genome browser΃https://genome.ucsc.edu΄0>1A*B6K Fig. 124ɱ$ΆÛ/6`

���0 a-type΅b-type6 TSSsͪĴ0�G Ex11 Ex26̥Ò0 H3K4me36|�Z�

Ƕæ!H*Ά˘ěȠ��14΅ ExX2̥Ò6 H3K4me3|�Z7 8̰΁6ʻ˔΅ͻͼ΅˱

˛ˆʽʘ˂΃BAT΄6?0Ƕæ!H*Ά�6D�3ʚʬȾɔƒKɱ$̼¸ňɝɅìƊ7΅

̞á͏Ņ¼ʮ�E͜H/¼ʮ$GS�w�`��ǿ˅"/�F΅H3K4me1 6͑��ɪE
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H/�GΆH3K4me31ēǹ4 ǗSCS genome browserKɋ�/ʻ˔4��G H3K4me1

6 ChIP-seq ȕ6˼ǦʜǧK>1A*B6K Fig. 13 4ɱ$ΆE14.5 0 H3K4me1 6|�

Z7 Ex1�ExX2΅�D9 Ex4 ̥Ò0Ƕæ!H*Ά�ǉ΅8 ̰΁6|�Zyi��7

ST3GAL5^�qͪĴ6]v�Û¿0Ƕæ!H*Ά³×6�1�E S̈́T3GAL57̼¸ňɝ

Ʌ6Ǔɿ͐ɠ3ìƊ΃ǓǛȾɔɠìƊ΅ʚʬȾɔɠìƊ΄KČ�/�F΅Ⱦ4ʻ˔4��

/7(6ɝɉ�ç÷ǓǛ4Ƒ#/°ʚʬ1ɔ3GͪĴ�șƒ÷!HG1¤Ȩ!HGΆ�H

E ChIP-seq0ƉEH* H3K4me3΅H3K4me16˼Ǧʜǧ7ǟʂ6�N�iP� PCR4

DG˼ǦʜǧKƿƩ"/�F΅̒ ˔0 a- b̈́-type�E c-type:6̼¸ň̞áìƊǿǸ6b

}p�˧JH/�G�1KɱĢ"/�GΆ 

� ̞áĪňʜĒ̿¼Ưʖg}p0�G TFBIND΃tfbind.hgc.jp [́47]��[��Kɋ�/�

c-type6 TSSs�E 5 '×țͪĴ΃�200bp΄4��G̞áĪň6ʜĒ̿¼KǶʖ"¤Ȩ"

*΃Fig. 14 Ά́˰ǃ6ʻʘ˂Ⱦɔɠ̼¸ň6ɝɅǨʉ"�ʻ˔6ç÷1àɉ4͑�$G

C/EBP ΃CCAAT/S�w�`�ʜĒi�yZ̖΄[48]7�Ƥæ!H*̞áĪň6 4Ė>

H/�*
>*΅ƛ¿�Qdʻ˔0ɝɅ$G̞áĪň0�G DBP΃D-site of albumin 

promoter binding protein΄1ɥēƒ6ͽ�̀é΃5'–(A/G)TTA(C/T)GTAA(C/T)-3'΄[49-

51]Bɰ̈!H*���6̀é7 TFBIND��[��6�dp47Ė>H/�3�-*
 

� ®Ǎ>0΅W�[�UbqĒƛ͂ʕ6̼¸ňɝɅìƊǿǸ7<1L2ǑE�43-/�

3�Ά����i�șƒKǚ$GͪĴ6ʚʬȾɔɠ3̞áĪňKēő$G�14DF΅ɉ

¿ß6W�[�UbqĒƛ6͋13G ST3GAL56ʚʬȾɔɠ3ɝɅìƊǿǸKǑE�4

$G�1�0�G1ǛƄ!HGΆ  
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ʄΊʉ Ǡǆ1ǉȕ 

Œͺ̆ˤ�ŒͺǠǆ 

RNAlater Solution : Ambion 

RNeasy Lipid Tissue Mini kit : QIAGEN 

RNeasy Mini kit : QIAGEN 

QIAzol Lysis Reagent : QIAGEN 

c�^±N{�e (ZB-50) : TOMY 

First-Strand cDNA Synthesis kit for RT-PCR : Roche Diagnostics  

2×TaqMan Universal Master Mix : Applied Biosystems 

SMARTer RACE 5’/3’ Kit : Takara 

KOD FX : TOYOBO 

KOD FX Neo : TOYOBO 

DMEM (4.5g/l Glucose) with L-Gln and Sodium Pyruvate, liquid : Nacalai Tesque 

DMEM(1.0g/l Glucose) with L-Gln and Sodium Pyruvate, liquid : Nacalai Tesque 

poly-L-lysine : SIGMA 

Penicillin-streptmicyne mixed Solution Stabilized : Nacalai Tesque 

Fetal Bovine Serum (FBS) : Biosera 

CELLBANKER 1 : ǍǟÛˤŬǷ 

Lipofectamine 2000 Regent : Invitrogen 

Forskolin : SIGMA 

cOmplete, EDTA-free protease inhibitor cocktail : Roche Diagnostics 

Peptide: N-glycosidase F (PNGase F) : New England Biolabs 

Pierce BCA protein assay kit : Thermo Fisher Scientific 

Prestained XL-Ladder : APRO 

PVDF˒ : MILLIPORE 
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AmershamTM ECL Select Western Blotting detection Reagents : GE Healthcare 

DEAE Sephadex A-25 : GE Healthcare 

Sep-Pak Plus C18 : Waters 

Can Get Signal Immunoreaction Enhancer Solution 1 : TOYOBO 

Image it Fx signal enhancer : Invitrogen 

ProLong Gold antifade reagent : Thermo Fisher 

pGEM-T Easy Vector : Promega 

pENTR/D-TOPO vector : Life Technologies 

CSII-CMV-RfA : Life Technologies 

Gateway LR Clonase enzyme mix II : Invitrogen 

TLC Silica gel 60 : Merck 

 

ʨ˨ȟ 

�buffer A : 50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 10% glycerol, 4 M urea, 1x 

cOmplete protease inhibitor mixture 

�2x SDS sample buffer : 125 mM Tris-HCl (pH 6.8), 4% SDS, 20% glycerol, trace 

amount of bromophenol blue 

�SDS-PAGE running buffer : 25 mM Tris(pH 8.9)�192 mM glycine�0.1% SDS 

�transfer buffer : 25 mM Tris�192 mM glycine�20% methanol 

blocking buffer : 0.5%dX���Z/TBS-T 

�PBS : 137 mM NaCl�2.68 mM KCl�10 mM Na2HPO4�1.76 mM KH2PO4 

�TBS-T : 137 mM NaCl�20 mM Tris(pH 7.5)�0.05% Tween20 

�Saline : 0.9% NaCl 

 

ơ¿ 

�QSdi�~�lnO�[ɋ�ȁơ¿ 
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ơ ST3GAL5 ơ¿(C-term) : ST3GAL5 6 CǞʃÑ 51 ȆĶKơă1"/Á˯"* rabbit

��Z��r�ơ¿ 

ơb-actinơ¿ : SIGMA 

 

�QSdi�~�lnO�[ɋ¦ȁơ¿ 

ơ rabbit IgG HRPơ¿ : GE Healthcare 

ơmouse IgG HRPơ¿ : GE Healthcare 

 

�͐ư˥×ơ¿ȕɋ�ȁơ¿ 

ơ ST3GAL5ơ¿(9129) : ST3GAL5ßˌÑ 326ȆĶKơă1"/Á˯"* rabbit��Z

��r�ơ¿ 

ơ KDELơ¿ : StressGen Bioreagents 

ơ GM130ơ¿ : BD Bioscience 

 

�͐ư˥×ơ¿ȕɋ¦ȁơ¿ 

ơmouse IgG Alexa 594ơ¿(Alexa Fluor 594) : Invitrogen 

ơ rabbit IgG Alexa 488ơ¿(Alexa Fluor 488) : Invitrogen 

ŒͺöȽ 

C57BL/6�Qd K̈́K/TaJcl�Qd΃St3gal5+/+΄7ǍǟZ�NDF̗Ú"*ΆSt3gal5v

lZNQp�Qd΃St3gal5-/-΅St3gal5-Ex3-KO΄7 KK/TaJcl KxlZ[�Q�q4B

.ʑʞKɋ�*Ά�Qd7��dklZ\�c΃20 x 30 x 15 cm΄4ĊŖ"΅œȧ 23�

2�΅ȩŹ 60�2% 1̈́2Ǔ͐6ǑǕ`PZ�΃üî 7ǓȴȲ΄6Ɉĺ�0ͳʾ"*ΆȎ΅�

D9ͷ΃CE2 ; ǍǟZ�N΄7˖ɍ4ƸċæǣGD�4"*Ά 

Û/6ŒͺöȽ7΅ǤøúɶˤɶŀŋöȽŒͺņĠ·6öȽŒͺÏɇ˵ő4ȫ#/ͳʾ΅

�D9Âɋ!H*Ά 
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mRNA variantȾɔɠ̀é6Ļų 

17̰΁6 KK/TaJcl�Qd΃St3gal5+/+΅St3gal5-/-΄K΀́�0Ǉͫ΅͏ˎè͏"΅ˉ

�D9ʻ˔ʚʬKƹæ"*Ά5 mm˻6`Pe4í? RNAlater Solution4ȝ"΅4�0

1̰͐ȝ̫!&*Ά2 ml^±V�Ĳk��~4ʚʬȼ΅c�^±N{�e΅QIAzol 1 ml

KÚH΅{�eżʘ˂ɮɭˬʮ΃Micro Smash MS-100΅TOMY΄Kɋ�/ɮɭ"*Άɮ

ɭǢµ7œȧ΅4000 rpm΅30ɷ͐K 2ĩ˧-*Άœȧ0 5ç͐͢ʮ"΅ɮɭȟKëk�

�~4ɹ"΅200 µl6Z�����Kó�/̞ÌȡĞƆ4œȧ0 2ç͐͢ʮ"*Ά4�΅

12,000 x g΅15ç͐6̹Ǝ4DFɥç͜K˧-*Ά×Ŧ6ȎŦKëk��~4ɹ"΅600 

µl6 70%Siv��Kó�/ƻƦ"΅RNeasy lipid tissue mini kit6V��4Ȣó"

*Ά�6Ö7 RNeasy lipid tissue mini kit6ǻȫɠ3��p^�4ȫ#/˧�΅ǘʙɠ

4ƉEH*ȬæȟK total RNAȬȟ1"*Άtotal RNA7 NanoDrop 2000΃Thermo 

Scientific΄Kɋ�/ 260 nm6ė×ŹKȨő$G�14DFȰŹKʇæ"*Ά 

̪̞áĉƑ7 First-Strand cDNA Synthesis kit for RT-PCR (AMV; Roche Diagnostics; 

Basel, Switzerland)Kɋ�*Άtotal RNA 2.5 µgç΅10x reaction buffer 5 µl΅25 mM 

MgCl2 10 µl΅Deoxynucleotide Mix 5 µl΅RNase free waterKó�Û͇0 43.2 µl4̌

Ǆ"*ΆƻƦ"*Ɔ΅65�0 5ç͐P�X���p"/ RNA6ĽƒK˧-*ΆRNase 

Inhibitor 1 µl1 AMV Reverse Transcriptase 0.8 µlKó�΅37�10ç΅42�60ç0̪

̞áĉƑ"*Ɔ΅95�5ç͐6͂ʕŁșĉƑK˧-*ΆƉEH*ȬȟK cDNAȬȟ1"

/ɋ�*Ά 

PCR7 KOD FX polymerase (TOYOBO)1 LifeECO(ǍǟcRunOZd)KÂɋ"΅ǻȫ

ɠ3 KOD FX��p^�4ȫ#/˧-*Ά��P��7³�KÂɋ"*Ά 

�a-type 

F1-primer: 5’-TCCCTAGCATGCACACAGAGG-3’ 

R4-primer: 5’-TTATCCGGTCAGGGTCCACATAGTGC-3’ 

�b-type 

F2-primer: 5’-AGCCTGCGCAGGTGTGGAC-3’ 
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R4-primer: 5’-TTATCCGGTCAGGGTCCACATAGTGC-3’ 

�c-type 

FX-primer: 5’-GATTTCTCGACACCTCTACTCACACAG-3’ 

R4-primer: 5’-TTATCCGGTCAGGGTCCACATAGTGC-3’ 

PCR7(H)H 50 ng6 cDNAK͉Ĳ1" 9̈́4�2ç6Ɔ 9̈́8�10ɷ΃̈́a/b/c 5̈́9/60/61�΄

30ɷ΅68�20ɷK 26`PZ�0˧-*Ά 

Plasmids 

�́6Z��±�[ƽÁ7(H)Hǻȫɠ3��p^�4ȫ#/˧-*Ά 

 

�pGEM-T Easy vector:6Z��±�[ 

�Qdʻ˔ʚʬɍǣ6 cDNAK͉Ĳ1"΅PCR0ɣɠ̀éKĻų"*ΆĻųɊȽ7Ə˲

3ĸĒ A±óK˧�΅NW��d]�͞ȍȗö0ç͜�ʏ˯Ɔ΅pGEM-T Easy vector

4 T/A cloning0ʚ̤L+ΆƉEH*Z���7 DNAb�\�`΃Applied Biosystems 

3130΅Thermo Fisher Scientific΄1 ORFß4̂ő"*��P��Kɋ�/̀éKɰ̈

"*. 

 

 

�pENTR-D TOPO vector:6Z��±�[ 

pGEM-T easy vector4Z��±�["*��d�qK͉Ĳ1"΅PCR0ɣɠ̀éKĻų

"*ΆNW��d]�͞ȍȗö0ç͜�ʏ˯Ɔ΅pENTR-D TOPO vector4 topo cloning

0ʚ̤L+ΆƉEH*Z���7 DNAb�\�`1 ORFß4̂ő"*��P��Kɋ

�/̀éKɰ̈"*. 

 

 

Plasmid ͉Ĳ ORF Primers 

pFS 615 
St3gal5-Ex3-KO
�Qdʻ˔ cDNA 

M*-
ST3GAL5 

5’- ATGTCCTTGGCTGGACACGTTC -3’ 
5’- GGTTTGCCGTGTTCCGAGTTC -3’ 
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�CSII-CMV-RfA vector:6Z��±�[ 

pENTR-D TOPO vector4Z��±�["*��d�q1 CSII-CMV-RfA vectorKȡĒ

"΅LR clonase enzyme mix IIKȢó"/ LRĉƑ4DGʚƳ�K˧-*ΆƉEH*Z

���7ì͕͂ʕåɇK˧�΅NW��d]�͞ȍȗö0x�q`PeKɰ̈"*. 

 

Real-time PCR 

đ̰΁6 C57BL/6�QdK΀́�0Ǉͫ΅͏ˎè͏"΅ʚʬKƹæ"*Ά×̧6�mRNA 

variantȾɔɠ̀é6Ļų�1ēǹ6ǉȕ0åɇ" ẗ́otal RNAKƤæ" c̈́DNA4̪̞á

"*Ά»"΅Ľǖȴ1"/ RNeasy Lipid Tissue Mini kit073�΅RNeasy Mini kitK

ɋ�*ΆReal-time PCR 7 2×TaqMan Universal Master Mix (Applied Biosystems)1

7500 Real-Time PCR system (Applied Biosystems)KÂɋ"΅ǻȫɠ3 TaqMan PCR�

�p^�4DF˧-*Ά��P������~7 Applied Biosystems 0̗Ú"Âɋ"*Ά 

�a-type 

probe 

5’-TGCCGAGCAATGCCAA-3’ 

primers 

5’-TGCGAAGCCAAGCAGCG-3’ 

5’-AGCAATCACTTCTCAGCTTTG-3’ 

Plasmid ͉Ĳ ORF Primers 

pSU 212 

M3-
ST3GAL5/pcD
NA3.1zeo(+) 
[52] 

M3-
ST3GAL5 

5’- CACCATGAGAAGAC CCAGCTTGTTAATAAAAGA -3’ 
5’- TTCAGTGG ATGCCGCCGCTGAGGTCCTC -3’ 

pFS 617 pFS 615 
M*-
ST3GAL5 

5’- CACCATGTCCTTGGCTGGACACGTTC -3’ 
5’- GGTTTGCCGTGTTCCGAGTTC -3’ 

ORF pENTR-D TOPO CSII-CMV-RfA 

M3-ST3GAL5 pSU 212 pFS 311 

M*-ST3GAL5 pFS 617 pFS 620 
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�b-type : Mm00488232_m1 

�c1-type 

probe 

5’-ATTTAAGCCCTCATGGACGCCGCTC-3’ 

primers 

5’-ACTCAGAGGCTGTTTGAAACAGTCT-3’ 

5’-GTGAGTAGAGGTGTCGAGAAATCCAT-3’ 

�18S rRNA : Hs99999901-s1 

Ƕ͇ʧKÁ˯"΅đ`���6^|�ǃKʇæ"*Ά 

5’-RACE analysis 

SMARTer RACE 5’/3’ Kit 1΅×̧6�mRNA variant Ⱦɔɠ̀é6Ļų�0̌Ǆ"*

KK/TaJcl �Qd΃St3gal5+/+΄ʻ˔6 total RNAKÂɋ"΅ǻȫɠ3 SMARTer RACE 

5’/3’ Kit��p^�K�̿Ľǖ"/˧-*Ά 

5x First strand buffer 4 µl΅100 mM DTT 0.5 µl΅20 mM dNTPs 1 µlKȡĒƆ΅40 U/µl 

RNase inhibitor 0.5 µl΅100U SMART Scribe Reverse Transcriptase 2 µlKȢó"΅�

di��lZd1"*Άtotal RNA 1 µgç1 5’-CDS Primer A 1 µl4 Sterile H2OKó�

/ 11 µl1"΅ƻƦƆ΅72�0 3ç͐΅42�0 2ç͐P�X���pK˧� RNA6Ľƒ

K˧-*ΆŲȧ0͢ʮ"* total RNA΅×́0̌Ǆ"*�di��lZd΅SMARTerII A 

Oligonucleotide 1µl KȡĒ"΅42�0 90 ç̪̞͐áĉƑK˧-*Ɔ΅70�0 10 ç͐6

͂ʕŁșåɇK"*Ά4�0âĂƆ4 Tricine-EDTA buffer 10 µlKó�/ 5’-RACE ready 

cDNAȬȟ1"*Ά 

primary PCR7 1.25 µl6 5’-RACE ready cDNAK͉Ĳ1"΅KOD-FX Neo polymerase

Kɋ�/ 25 µl6ʑ0ĻųK˧-*Ά94�2ç6Ɔ 9̈́8�10ɷ4ʡ� 68�1ç 30ɷK 45

`PZ�0˧-*Ά 

�primary PCRɋ��P��̀é 

10x UPM 
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� 5’-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3’ 

5’GSP 

� 5’-GATTACGCCAAGCTTGCATTGCTGTGTGAGTAGAGGTGTCGAGAAATCC-3’ 

ĻųɊȽK Sterile H2O 0 50 Ë4ů̈́"*ß6 2.5 µl K͉Ĳ1"΅KOD-FX Neo 

polymeraseKɋ�/ 25 µl6ʑ0 secondary PCRK˧-*ΆĻų7 94�2ç6Ɔ΅98�

10ɷ΅52�30ɷ΅68�1ç 30ɷK 35`PZ�0˧-*Ά 

�secondary PCRɋ��P��̀é 

UPM-short : 5’-CTAATACGACTCACTATAGGGC-3’ 

5’GSP-short : 5’-GATTACGCCAAGCTTGCATTG-3’ 

PCR ɊȽ6�, 10 µl KNW��d͞ȍȗö4ɋ�/ɰ̈"*ʜǧ΅200 bp 4b�[�

x�q�Ƕæ!H*ΆȆF6 PCRɊȽ6 5 µl1 cloning enhancer 2 µlKȡĒ"΅37�20

ç͐΅80�15 ç͐6 cloning enhancer åɇK˧�΅RACE products 1"*ΆRACE 

products 5 µl΅50 ng/µl linearized pRACE vector 1µl΅In-Fusion HD Master Mix 2µl4

Sterile H2OKó�/ 10 µl1"΅ƻƦƆ΅50�0 15ç͐P�X���p"/oO�Zb

�r�Z��±�[K˧-*Ά�6�, 2.5 µlKɋ�/ Stellar Competent Cell 50 µlK

Ɓ̖̞Ƴ"*ΆƉEH*Z���7 DNAb�\� ΃̀Applied Biosystems 3130 T̈́hermo 

Fisher Scientific΄Kɋ�/M13F-primer : 5’-GTTTTCCCAGTCACGACGTT-3’΅M13R-

primer : 5’-GGAAACAGCTATGACCATGA-3’0̀éKȑő"*. 

ʘ˂ĵͶȕ 

Mouse embryonic fibroblasts derived from St3gal5-Ex3-KO mice (MEF-/-)ʘ˂ΐlow-

glucose DMEM 

293Tʘ˂ΐhigh-glucose DMEM 

×́6ĵİ4ǘʙȰŹ 10%΃v/v΄FBS΅100 U/mL penicillin΅100 µg/ mL streptomycin

0Ȣó"Ķǟĵİ1"*Ά5% CO2΅37�Ǣµ�4��/Ķǟĵİ0ĵͶ"*Ά 
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��kQP�ď˯ȕ 

poly-L-lysine^�p"* 60 mm dish4 293Tʘ˂K΃0.5 x 106΄ƺɻ"΅37�΅5%CO2

0 24Ǔ͐ĵͶƆ4³�6��d�qK Lipofectamine 2000 reagent 10 µl0p��d}

RZb��"*Ά 

�pFS311 (mM3-ST3GAL5/CSII-CMV-RfA)΅Ć7 pFS620 (mM*-ST3GAL5/CSII-CMV-

RfA): 3 µg 

�pCAG-HIVgp : 1.5 µg 

�pCMV-VSV-G-RSV-Rev : 1.5 µg 

37�΅5%CO20 16 Ǔ͐ĵͶƆ΅ǘʙȰŹ 10 µM 0 forskolin KȢó"* high-glucose 

DMEM Ķǟĵİ 4 mL 4ĵİ«ƳK˧-*Ά!E4 37�΅5%CO20 24 Ǔ͐ĵͶƆ΅

32�΅5%CO24ɹ" 24Ǔ͐ĵͶ"΅200 x g0 3ç̹͐ƎK˧�΅×ȣK 0.45 µmb�

�c}O�i�4̬"ʘ˂ȆȦKċF͖�*ΆƉEH*��kQP�dȬȟ7ȟ¿ʀʕ0

äʜƆ΅-80�0ÈŊ"*Ά 

��kQP�dƗǪ4DG̼¸ňŞÚ΃ōőɝɅǮ6Á˯΄ 

60 mm dish4MEF-/-ʘ˂Kƺɻ" 50-60%confluency>0ĵͶƆ΅ĵİK͖Ą"��k

QP�dȬȟ 4 mlKȢó"*Ά32�΅5%CO20 24Ǔ͐ĵͶƆ΅low-glucose DMEMĶ

ǟĵİ4«Ƴ" 37�΅5%CO20ĵͶ"*ΆĶǟĵİ0 1 ̰͐ĵͶ"*ʘ˂KōőɝɅǮ

1"΅CELLBANKER 14ƚȯ"/-80�0ÈŊ"*Ά 

SDS-PAGEɋ˒ɐç̆ǆ6̌˯ȕ 

ʘ˂K PBS0 2ĩȘȜ"*Ɔ΅400 µl6 buffer A0ĩĊ"΅g±\�b��0ʘ˂Kɮ

ɭ"*Ά4�΅1,000 x g΅3 ç͐6̹Ǝ4DFʘ˂ȆȦKȒȉ!&*Ɔ΅×ȣ΃total cell 

lysates΄Kɹ" 4� 1̈́00,000 x g 6̈́0ç͐6̹̚ƎK˧-*Ά̹̚ƎƆ4ƉEH*ȒȉȽ

K˒ɐç΃integral membrane protein fraction΄1"*Ά�6͐΅ƽÁ7Û/ȏ×0˧-

*Ά5%0 βMeKȢó"* 2x SBK˒ɐç4ó�΅��nlZd�X`�0 5ç͐ƻƦ"

*Ά37�0 5 ç͐óȺĽƒåɇK"*Ɔ΅à9��nlZd�X`�0 2 ç͐ƻƦ"*Ά
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ʡ�/΅PNGase FKȢó"/ 37�0 1Ǔ͐ʐ͌èǇåɇK˧-*Ά>*΅i�yZ̖Ȱ

Ź7 BCA protein assay kit1 total cell lysatesKɋ�/΅ǻȫɠ3 BCAi�yZ̖ő͇

NlfP��p^�4ƈ-/˧-*Ά 

SDS-PAGE 

Laemmli 6ǉȕ4ȫ#/˧-*ΆȰʩ]�7 4%΅ç͜]�7Ƕæɣɠi�yZ̖6çň

͇4Ƒ#/ 7.5-12%6��NZ��N�q]�Kɋ�*Ά�±�N�d�~]�͞ȍȗö

ˬʮ΃xPUZ�}p΄Kɋ�΅Ȱʩ]�07 20 mA΅ç͜]�07 30 mA6�ő͞ț

0ȗöK˧-*Άçň͇6Ȩő47çň͇��V�΃Prestained XL-Ladder΄Kɋ�*Ά 

QSdi�~�lnO�[ 

SDS-PAGEK˧-*]�1 �̈́iv��410ɷ͐ȝ"/șƒ÷!&*PVDF˒K transfer 

buffer0 5ç͐͟1�"Ŵ˩÷"*Ά]� 6i�yZ̖7f�q�PĲ̞áˬʮ Trans-

blot SD΃BIO-RAD΄Kɋ�΅10 V6�ő͞Į0 30ç͐ PVDF˒×4̞á"*Ά̞áƆ

6 PVDF ˒K blocking buffer 4ȝ"΅œȧ0 20 ç͐Ƭ1�"~�lX�[åɇK˧-

*Άblocking buffer 0 1:1000 4ů̈́"*�ȁơ¿Ȭȟ 0œȧ΅60 çƬ1�"*Ɔ΅

TBS-T 0 1:20000 4ů̈́"*¦ȁơ¿ 0œȧ΅60 ç͐ȝ̫"*Ά3�΅�ȁơ¿6�

,ơ ST3GAL5ơ¿΃C-term΄7 Can Get Signal Immunoreaction Enhancer Solution 1

0 1:10004ů̈́"/ɋ�*Άɝ˛7 ECL Select kitKɋ�΅LAS-3000΃FUJIFILM΄0

Ƕæ"*Ά>* Ə̈́˲��H8đơ¿ĉƑ6îƆ4 TBS-T0 10ç͐ 3ĩ6ȘȜK˧-*Ά 

͐ư˥×ơ¿ȕ4DGʘ˂ßŢį6˺Ś 

Vx�W�d4ʘ˂Kƺɻ" 70% confluency>0ĵͶ"΅PBS0 2ĩȘȜƆ΅œȧ0 15

ç͐ 3.7% formaldehyde in PBS 4Vx�W�d 1ȝ"īő"*ΆƏ˲��H8 0.5% 

SDS in PBS΅>*7 0.5% Triton X-100 in PBS0œȧ΅5ç͐ permeabilizedåɇK˧

-*ΆImage-iT FX Signal EnhancerKȭ�"œȧ0 30ç͐~�lX�[åɇK"*Ɔ΅

1% BSA in PBS 0 1:100 4ů̈́"*�ȁơ¿Kœȧ0 60 ç͐ĉƑ!&*Άʡ�/΅1% 
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BSA in PBS 0 5 µg/ml 4ů̈́"*¦ȁơ¿Kœȧ0 30 ç͐ĉƑ!&΅ProLong Gold 

antifade reagent 0ŜÚ"*Ά~�lX�[΅�ȁơ¿΅¦ȁơ¿6ĉƑ7�Pdpk�

�x�ß0˧-*ΆÛ/6˧ɺ͐0 PBS Kɋ�/ 3 ç͐ 3 ĩ6ȘȜK˧-*ΆŎƛ"*

ʘ˂̆ǆ7Ýȶȴ˥×ͯƌ͍΃FV1000, Olympus΄0˺Ś"*Ά 

ˆ̖Ƥæȕ 

�öȽʚʬ�E6ˆ̖Ƥæ 

KK/TaJcl�Qd΃St3gal5+/+΅St3gal5-/-΄K΀́�0Ǉͫ΅͏ˎè͏"΅ˉ�D9ʻ˔

ʚʬKƹæ"*Άȟ¿ʀʕ0äʜƆ ä̈́ʜ£Ȼǿ΃FDU-2200Ĳ Ë́YELA 0́£Ȼ!&*Ά 

�ĵͶʘ˂�E6ˆ̖Ƥæ 

150 mm dish4ʘ˂Kƺɻ" 90%confluency>0ĵͶ"΅Saline0 2ĩȘȜƆ΅8 ml6

Saline0 15 mlW�d̹Ȓʈ4ĩĊ"*Άœȧ΅1,000 x g΅5ç͐6̹Ǝ4DFʘ˂KȒ

ȉ!&*Ɔ΅×ȣK͖Ą"*Ά 

×́6åɇKǊ"*ʚʬ>*7ʘ˂4 CHCl3/MeOH΃1/1 v̈́/v΄K 8 mló� 5̈́ç͐6g

±\�b��K˧-*Ɔ΅40�0 60ç͐P�X���p"*Άœȧ΅2,000 rpm΅5ç͐

6̹Ǝ4DFʘ˂KȒȉ!&*Ɔ΅×ȣKrdĲ}�d^4ĩĊ"*ΆȒȉȽ4àŹ

CHCl3/MeOH΃1/2 v̈́/v΄K 6 mló�΅ēǹ4åɇK"*Ɔ΅ē#rdĲ}�d^4ĩĊ

"΅ʤˆ̖Ȭȟ1"*ΆƉEH*ʤˆ̖Ȭȟ7Sx���i�΃CCA-1111 Ĳ΅EYELA΄

0£ī!&*Άʤˆ̖6̓ƒ� ƒˆ̖4ç͜$G*A΅rdĲ}�d^ß6ʤˆ̖4

CHCl3/MeOH/H2O΃30/60/8΅v/v/v΄Kó�/Ȭ˼"΅DEAE-Sephadex A-25V��4Ȣ

ó"*ΆV��¿ɽ6 5Ë͇6 CHCl3/MeOH/H2O΃30/60/8΅v/v/v΄Kó�/ ƒˆ̖K

Ȭæ΅ĩĊ"*Ɔ΅ē͇6 CHCl3/MeOH/1M AcONa΃30/60/8΅v/v/v΄Kó�/̓ƒˆ̖

KȬæ΅ĩĊ"*Ά(H)H6ȬæȟKʀʕȍț4DF£ī!&*Ɔ΅[�f�ˆ̖ç˼

åɇ6*A 5 ml6 0.1N NaOH in MeOHKó� 40�0 120ç͐P�X���pK˧�΅

1N HCl in MeOH0 ĞåɇK"*Άʡ�/ 6 ml6 50 mM NaClKó�΅Sep-Pak Plus 

C18V�p�lc4Ȣó"*Ɔ΅40 ml 6ʏ˯Ȏ0ˈĹK˧-*Ά10 ml 6MeOH1 10 

ml6 CHCl3/MeOH΃2/1 v̈́/v΄0ˆ̖KƤæ"rdĲ}�d^4ĩĊ"*Άˆ̖Ȭȟ7S
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x���i�΃CCA-1111 Ĳ΅EYELA΄0£ī!&*Ɔ΅Š͇6 MeOH 0Ȭ˼"�PZ

�k��~4ĩĊ"΅ʀʕ£ī!&*Ά 

>*΅i�yZ̖ȰŹ7 BCA protein assay kit1ʤˆ̖ƤæƆ6ȒȉȽKɋ�/΅ǻȫ

ɠ3 BCAi�yZ̖ő͇NlfP��p^�4ƈ-/˧-*Άʤˆ̖ƤæƆ6ȒȉȽ7΅

5 ml6 0.5N NaOH0Ȭ˼"/�Eő͇4ɋ�*Ά 

ˆ̖˼Ǧȕ 

ˆ̖˼Ǧ7ˣŦZ��p[�}O�΃TLC Ḱɋ�/˧-*ΆƤæ"*ˆ̖K CHCl3/MeOH

΃1/2΅v/v΄0Ȭ˼"΅TLC ���p4d�lp"΅Ť͏"*ΆŤ͏ȬŇ7΅̓ƒɐç7

CHCl3/MeOH/0.2%CaCl2΃55/45/10΅v/v/v΄̈́  ƒɐç7 CHCl3/MeOH/H2O΃60/25/4΅

v/v/v Ḱ(H)Hɋ�*ΆŤ͏Ɔ D̈́�£Ȼ!&* TLC���p4U�bv��ɯ̓̆ˤ

KĨ͠"΅100��lp���p0ȷƛ"*Άʐˆ̖7̘ʗ˛KĘ$GΆ 
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M1 M2

2 3 81Exons 4
5’ 3’

5 6 7

5’ 3’
Neo

M3 Sialylmotif L

WT

St3gal5-Ex5-KO

TGA

5’ 3’
Neo

St3gal5-Ex3-KO

Figure 49St3gal5 knockout (St3gal5-Ex5-KO � St3gal5-Ex3-KO) 2&,������

St3gal5����8��')-6� �
�"!9
St3gal5-Ex5-KO 2&,�8+$453.71L#��Ex5��#0(2%+6�	������
��!�����
�"�9
St3gal5-Ex3-KO 2&,�8��*/6M28M3#��Ex3��#0(2%+6�	������
��!����
��"�9

: exons8 : introns
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A

B

GM2

SM2a

Acidic fraction Neutral fraction
Liver

LacCer

GA2

OriOri
-/- -/-+/+ +/+

St3gal5
-/- -/-+/+ +/+

St3gal5

GM3

GlcCer

LacCer

GA1

Acidic fraction Neutral fraction

GM1

SM3

Brain

* GD1α
GM1b

OriOri
-/- -/-+/+ +/+

St3gal5
-/- -/-+/+ +/+

St3gal5

GalCer
*

GA2

SM3

SM4

Figure 5JSt3gal5-Ex3-KOFAC9��6���9GSLs��

'��FAC(+/+)6St3gal5-KOFAC(-/-)8-0?GSLs��9
%JKOFAC:LacCer9��6o-��9��.
!>@3J
(A) ����9&
��$-=;�
��$J�
GSLs5:IKOFAC5GM39�$67?LacCer9��6I
'��5��24,7,o-��9GA29��.!>@3J&
GSLs5:ICGE��9SM3ISM2a9��.!
>@3JGM29��<�#1@3J
(B) ���9&
��$-=;�
��$J�
GSLs5:IKOFAC5GM39�$67?LacCer9��6I'
��5��24,7,o-��9GA2IGA19��.!>@3J&
GSLs5:ICGE����6��1@?�
�$ (*) 9��.!>@3JGM29��:7/I'��5��24,7,o-��9GM1bIGD1α9��.!>
@3J

+: GD1a, GD1b, and GT1b *: unidentified GSL 

BHDG(K2 mg protein
��" Korcinol/sulfuric acid.
&
	)��KC/M/0.2%CaCl2 (55/45/10) �
	)��KC/M/W (60/25/4)
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b
Brain

MSt3gal5 +/+ -/- +/+ -/-+/+ -/- +/+ -/-
a ba

Liver

B
bp

500
400
300
200
100

321 bp
265 bp
197 bp
141 bp

2 3 81Exons 4
5’ 3’//

A

WT

M2,M3M1

41

M2,M3

42 3

42

1 3 4

3 42

a-type

b-type

a-type-/-

b-type-/-

321 bp

197 bp

265 bp

141 bp

F1-primer R4-primer

F2-primer R4-primer

41 3

figure 6MSt3gal5-Ex3-KOG=B3��1���3mRNA variantJa-type1b-typeK��"��

!��G=B(+/+)1St3gal5-KOG=B(-/-)2&)9GSLs�
3��MKOG=B4Ex3(BFH<AI>*:.EID
@<C(��*:.M
(A) St3gal5 �	��1mRNA variants3���Ja-typeLa-type-/-Lb-typeLb-type-/-K. a-type-/- 1b-type-/-4
,:-:Ex3(BFH<AI>278$':.��3����3��(��*:..

: exonsL NintronsLM1, M2, M3N #�?DIL N�
��3EID@<C
(B) ���&75����3cDNA;PCR;�%/F1/R4-primers6.4F2/R4-primers0�
+.M
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a1-type 
(a-type)

a2-type (X3)

a3-type (X7)

a4-type (X4)

b1-type 
(b-type)

b2-type (X5)

c1-type (X2)

c2-type (X6)

d-type (X1)

Exon
5’

M1

M1

1 2 X1 X2 3 4 5

M2,M3

M2,M3

M2,M3

M2,M3

M2,M3

M4

M4

M4

M4

Figure 7>9-1St3gal5��	&��$���*)mRNA variants

NCBI4<38<1�(���"St3gal5 mRNA variants (a-type, b-type, X1� X7) +� >����'!&��
�(a-, b-, c-, d-type&?��%���*">ExX1$ExX2'=��&7:,;5#�)a1-type$b1-type#��&

�
�&./2;#�)>

: exons= @introns= M1, M2, M3, M4@��06;
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WT   1                MPSEFTSAKLRSDC
-/- 1 MSLAGHVHSSHVCSLRGCLKQSAVFKPSWT

WT  16 SRTSLQWYTRTQHKMRRPSLLIKDICKC
-/- 31 PLLPAVLPSQRRWRGVRWISRHLYSHRC

B

TM

M2

M3M*

b
p500

400
300
200
100

+/+ -/-
Liver (c1-type)
M St3gal5

C

137 bp

261 bp

M*
4

FX-primer R4-primer

4

St3gal5-Ex3-KO

137 bp

A
2 3 81Exons 4

5’ 3’//

M2,M3
43

3 4

c1-type

WT

261 bp

X2

FX-primer R4-primer

WT

c1-type-/-

X2

X2

X2

X2

Figure 8\.�	UJO?St3gal5-Ex3-KOUJO@47Ec1-type mRNA��A�(

(A) ) St3gal5+���*?mRNA variantsA���Yc1-type[c1-type-/-Z. c1-type-/-B:F;FEx36OTWIN
XK@CD05F<�*A'���A��6��8F<.

: exons[ ]introns[M2[M3[M*] /
LQX[ ]����ASXQMIP

(B) .�	UJO?St3gal5-Ex3-KO (-/-) UJOA�"&1
N��HVR-,�A�(\
]��HVR-��[ ]2�HVR-��[ M2, M3, M*: /
LQX[TM]#%)1


(C).�	UJO?St3gal5-Ex3-KO (-/-) UJOA!$� AcDNAGPCRG�3=FX/R4-primers>��9<\
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Figure 93 +%'���!ST3GAL5 mRNA�	����

(A) +%'
����!ST3GAL5 mRNA c-type��	�"-#.($,PCR�����3���&0)/1.� 
18s rRNA"���3
(B)+%'�����!ST3GAL5 mRNA �*-#0)��	�"-#.($,PCR�����3���&0)/1.�
 18s rRNA"���3
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1 CCCACAGATTTTATCCCCATGTCCTTGGCT 30

31 GGACACGTTCACTCCAGTCATGTTTGCTCA 60

61 CTCAGAGGCTGTTTGAAACAGTCTGCAGTA 90

91 TTTAAGCCCTCATGGACGCCGCTCCTGCCT 120

121 GCTGTCCTTCCCTCGCAGCGGAGGTGGAGA 150

151 GGGGTGAGATGGATTTCTCGACACCTCTAC 180

181 TCACACAG

Exon X2

1

1 29

21

M*

Figure 10)"� St3gal5 c1-type����������&Transcriptional start sites*TSSs'

"� St3gal5�exon X2�����
�. 
�*TSSs(���
�* 5’-RACE analysis��	����#%$
( M**���!$
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A

β-actin 43

kDa
43
36.5ST3G5

- M3 M*

No expression GM130 Merge

M3-ST3GAL5 GM130 Merge

M*-ST3GAL5 GM130 Merge

C

Acidic fraction

GM1b

Origin

GM3

GD1a

Neutral fraction

- M3 M*
Origin

LacCer
GlcCer

Gb4
Gb3

B

- M3 M*

*

GM2
GM1

Yfac5k2 mg protein
#,/-korcinol/sulfuric acid.
4��7��kC/M/0.2%CaCl2 (55/45/10)
���7��kC/M/W (60/25/4)

Figure 11jM3-ST3GAL5GM*-ST3GAL5H9<P In vivo3&��G')��
I�2

St3gal5-Ex3-KObU[!�IMEF')Hdf]UTc[R 8EM3-ST3GAL5 (M3)LCJM*-ST3GAL5 (M*) R
��#�=@Cj(-)kno transfectionR$?j
(A) '):O+"�gintegral membrane protein fractions hi��gtotal cell lysates hR�	>i+"�J
PNGase FF%6����R.DCjUV[\f`e^_SfWR.8iAQBQ�ST3GAL5��i�actin��F�
�>Cj
(B) 4�%*19NK��%*1I(�R�2>CjM*-ST3GAL5JM3-ST3GAL5G��HGM3
���;
0MOQCj
(C) �	�����
���M*-ST3GAL5JM3-ST3GAL5G��HXcZ�H�
>CjBar: 10 μm.

10 µm



 
 

43 

 

Brain (8w)

Lung (8w)

Heart (8w)

Heart (E14.5)

Thymus (8w)

Spleen (8w)

Testis (8w)

Placenta (8w)

Kidney (8w)

Liver (E14.5)

Liver (8w)

Small intestine
(8w)

BAT (24w)

Bone marrow
(8w)

BMDM(8w)

Limb (E14.5)

Exon 1, 2 Exon 3Exon 4 Exon 5 Exon 6
Exon 7

Exon 8Exon X2
ST3GAL5

H3K4me3

Figure 12. Chip-seq�"
��ST3GAL5����&)(*%*�����

encyclopedia of DNA elements: ENCODE+https://www.encodeproject.org,����!�� '#$
�+�
	14.5�+E14.5,-8��+8w,-24��+24w,,�H3K4me3�ChIP-seq�"
������.USCS genome 
browser+https://genome.ucsc.edu,"
������.
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Liver
(8w)

Liver
(E14.5)

H
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4m
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H
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e1

Liver
(8w)

Liver
(E14.5)

Exon 1, 2 Exon 3
Exon 4

Exon 5
Exon 6

Exon 7 Exon 8Exon X2

ST3GAL5

Figure 131 Chip-seq�%
��ST3GAL5����),+-(-�����

encyclopedia of DNA elements: ENCODE.https://www.encodeproject.org/����$��#*&'��.�
	14.5�.E14.5/08��.8w//�H3K4me30�"�H3K4me1�ChIP-seq�%
����
�1USCS 
genome browser.https://genome.ucsc.edu/%
�� �!�1
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GGTCCTCTCAGGGCGGGGGGCCCCCCCAGGTTCCTCATTC

ACCTTTGAGACCGCAGCAGTGTGTGCCCAGGTCTTACCTC

ACAGTCAATGCGAATGTAGGGTTCAGCCAACTAGGCTAAT

TCCTATCTGTGGTGAAATCCATTTCTCACAGACCTCCCAC

CCCACAGATTTTATCCCCATGTCCTTGGCTGGACACGTTC

ACTCCAGTCATGTTTGCTCACTCAGAGGCTGTTTGAAACA

dEF1(+)

CAP(+)AP2(-)

Tst1(-)

AML1(-)

AP4(+)

C/EBP(-)

GATA3(-)/LMO2 complex(-)

C/EBP(+)

AML1(+)

GATA (-) MZF1 (-)

DBP(+)

Figure 14+���	����
�"$#���TFBIND)tfbind.hgc.jp*%(!'& ������	
�����


c-type�TSSs��5 ‘����)�200bp*�������	����� ����
��+
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ʄΈʂ ̪˧̡̩b[r�̀é΃R-based motif΄� B4GALNT16_�c¿ʫɒ

ǿǸ4��GƂͦ 

ʄ·ʉ Ÿ̍ 

� GM3Ēƛ͂ʕ΃ST3GAL5΄7ʘ˂̖ͪĴ6 NǞʃ6͎!6?�ɔ3G˰ǃ6NPg}

T��KƩ.�1�ɪEH/�F΅�6 NǞʃ7͂ʕ6ʘ˂ßŢįCōőƒ΅șƒ6ìƊ

4ŗ�"/�GΆ 

� �Qd ST3GAL547̞á͏Ņİȴ΃TSSs 6́ɔ3G 3ɻͰ6mRNAx�N�p΃a-΅

b- c̈́-type΄�Ŋį$GΆ�˚4΅ʳ̃͏ŅǿǸ7 K̈́ozak6dX�±�[�o�4D-/

̊Ǒ!H΅͏Ņ^q� AUG� GCCGCC(A/G)CCAUGG1��̀é΃Kozak sequence΄

 4�GĸĒ΅r ̃͏ŅõɄ�×ǐ$G1ɱ!H/�G[53]Ά�ǉ m̈́RNA6ǘê6 AUG

+�03�΅!E4�ț6 AUG B͏Ņ^q�1̈̐"/i�yZ̖6ʳ̃�˧JHG�

�X�dX�±�[7΅ǘê6 AUG ���g��4D-/͏Ņ^q�1"/̈̐!HG

õɄ�½�"/�G1�4̙�G1!H/�G�΅(6̇ʘ3�V±e�7ǑE�43-

/�3�[53]Ά�Qd ST3GAL5 7��X�dX�±�[KČ�/�ǟ6 mRNA �E N

Ǟʃ6ɔ3G˰ǃ6NPg}T���Ɋɉ!H ä́-type�E7M1Ĳ΅M2Ĳ΅M3Ĳ6 3

ɻͰ�΅b-type �E7 M2 Ĳ΅M3 Ĳ6 2 ɻͰ6NPg}T���ʳ̃!HG΃Fig. 3΄

[35]Άǟ̍ǅʄ·ʂ0ķę"* c-type7 a- b̈́-type1̞áìƊ�ɔ3G�΅ʳ̃!HGN

Pg}T��7 b-type1ē#M2Ĳ1M3Ĳ0�GΆ�HE 3ɻͰ6NPg}T��7 N

ǞʃÑ6ʘ˂̖ͪĴ6͎!΅ʘ˂ßŢį΅͂ʕōőƒ΅ȋșƒ32΅ƒ̖�(H)Hɔ3

G΃Fig. 3 Ά́Û/6NPg}T��7ş˂¿0Ēƛ!H*Ɔ _̈́�c¿:̡̩!H/ GM3

KĒƛ$GΆM1-ST3GAL57 (̈́6͎�ʘ˂̖ͪĴ4_�c¿�Eş˂¿:6̪˧̡̩b

[r�1"/ǿ˅$GN�Y±�΃R΄̀é΃R-based motif΄KB.*A΅ŀ̿ç�ş˂

¿4Ţį" ͽ̈́�ōőƒKɱ$Ά>* M̈́2-ST3GAL57_�c¿�E�Pgg��:̴8

H/̭C�4ç˼!HG64ś"΅M3-ST3GAL57_�c¿4ōő4Ţį"΅GM3ɉĒ

ƛ6¡ƃKƥ�[35]Ά  

� W�[�UbqĒƛ͂ʕ6ŀ̿ç7¡3ʐ͌É͵6ĸ0�G_�c¿4Ţį"/�F΅
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ġ¢Ͱ6W�[�UbqĒƛ͂ʕ4��/ R-based motif4DFş˂¿4̪˧̡̩!HG

1��ķę7 ST3GAL5�ǘê0�GΆ"�"3�E G̈́M3ɉĒƛ6ʐÄ�¿΃qr�Ķ

̖΄0�G CMP-bN�̓7`Pph�0Ēƛ!H*Ɔ4_�c¿4̡̩!HG�1΅ʐ

ČŖ¿΃NZf�i�Ķ̖΄0�G LacCer 7_�c¿ßˌ0Ēƛ!HG�1�E΅ş˂

¿0 GM3Ēƛ�˧JHG�17ʴ�͝�Ά(6*A M̈́1-ST3GAL5�ş˂¿4Ţį$G

ɉɇŋɠƖʲ7ǝ+ǑE�4!H/�3�ΆST3GAL5 6D�4ɔ3Gƒ̖6˰ǃ6NP

g}T��KB.W�[�UbqĒƛ͂ʕ4��/΅đNPg}T��͐6͇ɠx��d

C̡̩6�V±e�΅�D9(6ɉɇŋɠƖʲKǑE�4$G�17΅W�[�UbqĒ

ƛ6ìƊKɇ˼$G×0ͅ˲0�GΆ 

 � ǟʂ07΅R-based motifKB.ǈ˵6NPg}T���zp1�Qd6 GM2Ēƛ͂

ʕ΃B4GALNT1, GM2/GD2/GT2/GA2 synthase 4́Ŋį" R̈́-based motif� B4GALNT1

6_�c¿ʫɒǿǸ4Bŗ�"/�G1��ǈɪ˴Kķę$GΆ 

� B4GALNT1 7΅˰͛3ʐ͌Ǹ̮KƩ.^���lZdĲW�[�Ubq6ɉĒƛ4͑

JGǘê6͂ʕ0�G΃Fig. 2B Ά́7#A4΅NCBIo�i��d0 EST clone6˼ǦK

˧� z̈́p1�Qd6 B4GALNACT1̼¸ň΃B4GALNT1̼¸ň 4́��Gǈ˵6 mRNA

x�N�p(variant 2 1$G)K˴æ"*Άvariant 2 �E7ǈ˵6NPg}T��0�G

M1-B4GALNT1�ʳ̃!H*ΆM1-B4GALNT17ş˂¿1_�c¿6�ǉ4Ţį" M̈́2-

B4GALNT1 1ȋ̠"/ōőƒ�ͽ��1΅M2-B4GALNT1 7 M1-B4GALNT11�n�

jP��KƁƛ$G�10ōőƒ�ĕ×$G�1Kɱ"*Ά!E4΅M1-/M2-B4GALNT1

�n�jP��7ş˂¿4Ţį"3��1�E΅Û¿6ōő÷7_�c¿�Eş˂¿:6

̡̪̩4DGB6073�΅_�c¿ʫɒ6ź͎4DG�1�ɱĢ!H*[38]Ά
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ʄΈʉ ʜǧ 

ʄ·ͧ ǈ˵ B4GALNT1 mRNAx�N�p΃variant 2΄6ēő 

� ˰ǃ6NPg}T���ʘ˂ß4ÝɝɅ$G�16ɉɇŋɠͅ˲ƒKǑE�4$G*A

4 ǌ̈́ɪ6NPg}T��1ɔ3G͎!6 NǞʃKʘ˂̖ͪĴ4B.W�[�UbqĒƛ

͂ʕ6ƯʖK˧-*Άo�i��dKɋ�*Ưʖ6ʜǧ B̈́4galnact14��/ǈ˵ mRNA

K˴æ"*Ά 

� zp B4GALNT1΃hB4GALNT1΄6 mRNA7΅TSSs΃Ex1a΅Ex1b΅Ex1c΄6̸�0

3ɻͰ6x�N�p΃variant 1a 1̈́b 1̈́c΄4çͰ!HGΆÛ/6x�N�p0̞á͏Ņİ

ȴ6SXg� 4͏Ņ^q�7Ŋį&%΅Ex2 6͏Ņ^q�΃M2΄�Eʳ̃�͏Ņ!H  ̈́

hM2-B4GALNT1 6?�ɝɅ$G�1�ķę!H/�G[54]ΆNCBI-BLAST ��[��

΃https://blast.ncbi.nlm.nih.gov/Blast.cgi΄Kɋ�/͏Ņ^q� M2 6×ț̀éKĖ@

ESTZ���KǶʖ"΅variant 1a΅1b΅1c1ē�6̀éKB.Z���K͖�*ʜǧ΅

4Ê6 EST Z���΃DC30908΅DC341828΅DC400781΅DC302562΄�ƉEH*Ά�

HE6 ESTZ���7΅Û/ Ex1a΅1b1 1c6͐΅˞"�7 Ex1c1 Ex26͐�E͏Ņ

!H΅Ex2� 5’×țÑ4ź͎"*̀éKB.Ά�6ͪĴK Ex2’1"΅Ex2’4 TSSsKB.

ǈ˵ mRNAK variant 21"*΃Fig. 15A΅Fig. 16 Ά́Ex2’47΅M26×ț4ǈ˵6͏

Ņ^q�΃M1 �́Ŋį$G�1�E ǈ̈́˵B4GALNT1NPg}T��΃hM1-B4GALNT1΄

� variant 2�Eʳ̃!HG1¤ȨæǣGΆ 

� ēǹ6˼Ǧ4DF �̈́Qd B4GALNT1΃mB4GALNT1 4́��/B hB4GALNT1 mRNA 

variant 21Ͱº"* 25Ê6 ESTZ����ƉEH*Ά mB4GALNT16 mRNA1"/

7 variant 1 �ķę!H/�F΅Ex2 6͏Ņ^q�΃M2΄�Eʳ̃�͏Ņ!HG mM2-

B4GALNT16?�ɝɅ$G�1�ķę!H/�G[55,56]ΆƉEH* ESTZ���7΅(

6Ŀ�� Ex1 1 Ex2 6͐�E͏Ņ!H΅Ex2 � 5’×țÑ4ź͎"*̀éKB.Ά�6ͪ

ĴK Ex2’1" Ë́x2’4 TSSsKB.ǈ˵mRNAK variant 21"*΃Fig. 15B F̈́ig. 17 Ά́

Ex2’47΅M26×ț4ǈ˵6͏Ņ^q�΃M1΄�Ŋį$G�1�E΅zp1ēǹ4�Q
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d4��/Bǈ˵ B4GALNT1 NPg}T��΃mM1-B4GALNT1΄� variant 2�Eʳ

̃!HG1¤ȨæǣGΆ 

� ȁ4΅variant 26ɝɅ͇Ǩ;G*A΅GM26Ēƛ͇�ȋ̠ɠĿ�1ķę!H/�G

zp1�Qd6ˉ΅�D9�Qd6ʻ˔6 totalRNA �EĒƛ"* cDNA K͉Ĳ1"*

RT-PCRK˧-*΃Fig. 15C Ά́��P��7΅variant 26?΅˞"�7Û/6x�N�

pKĻų$G̀éKɋ�*Ά(6ʜǧ B̈́4GALNT16Û¿6ɝɅ͇4ś$G variant 26

ɝɅ͇6ȋɄ7΅zp6ˉ0 18.5�5%΅�Qd6ˉ0 9.4�2.7% �̈́Qd6ʻ˔0 11.2�

2.3%0�F΅variant 27(6ɝɅ���7½��ɰ�4Ƕæ!H*Ά!E4΅GM2�ɝ

Ʌ"/�Gzpʚʬ΅�D9zpɍǣʘ˂Ǯ΃zp6ˉ΅îʁˏ΅ͻǱʆ΅293T ʘ˂΅

HAP1 ʘ˂΄6 totalRNA �EĒƛ"* cDNA K͉Ĳ1"*�N�iP� PCR K˧-*

΃Fig. 15D Ά́(6ʜǧ΅ÛɝɅ͇4ś$G variant 2 6ȋɄ7ˉ0 13.5�0.44%0�F΅

RT-PCR6ʜǧ1Ͱº"/�*Ά̄ ³ľ6ʚʬ ʘ̈́˂Ǯ07 B4GALNT16ɝɅ͇7½�΅ 

variant 26ĀAGñĒB½�-*΃îʁˏΐ4.3�0.5%΅ͻǱʆΐ3.2�0.4%΅293Tΐ1.0

�0.2%΅HAP1ΐ1.1�0.07% Ά́ 

ʄΈͧ ǈ˵ B4GALNT1 mRNAx�N�p΃variant 2΄6̞á͏Ņİȴ6˼Ǧ 

� B4GALNT1 mRNA variant 26̞á͏Ņİȴ΃TSSs΄KǑE�4$G*A4΅zp΅

�D9�Qd6ˉ�EƤæ"* totalRNAKɋ�/ 5’-RACE˼ǦK˧-*Ά�QdˉKɋ

�*˼Ǧ�E v̈́ariant 26 5’Ǟʃ̀éKĖ@Ŀǃ6Z����ƉEH (̈́6̀é�ȑő!

H*΃Fig. 17 Ά́<=Û/6Z���� Ex1DF×ț�E̞á�͏Ņ!H T̈́SSs�E Ex2

>0d��Pb�[7Č�/�3�-*ΆzpˉKɋ�*˼Ǧ07 v̈́ariant 24Ⱦɔɠ3

Ex1c-Ex2 ͐1ɥēƒ6ͽ�̀éKĖ@ hB4GALNT1 ³ľ6˰ǃ6ĻųɊȽ�ƉEH΅

hB4GALNT1 mRNA variant2KĖ@Z���7ƉEH3�-*Ά��P��6Ľǖ΅͉

Ĳ6Ľǖ΃293Tʘ˂΅HAP1ʘ˂΄K˧-*˼Ǧ4��/Bēǹ6ʜǧ13-*Ά 

ʄΉͧ ǈ˵ B4GALNT1NPg}T��΃M1-B4GALNT1΄6N�v̓̀é 

� zp΅�D9�Qd6 B4GALNT1 mRNA variant 2 �Eʳ̃!HGǈ˵ B4GALNT1
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NPg}T��΃hM1-B4GALNT1΅mM1-B4GALNT1΄6ʘ˂̖ͪĴ NǞʃÑ6N�v

̓̀éKȋ̠"*΃Fig. 18 Ά́M2-B4GALNT16ʘ˂̖ͪĴ NǞʃ7zp΅�QdÝ4 6 

aa 0�G64ś"΅hM1-B4GALNT1 7 83 N�v̓΃aa΄̈́ mM1-B4GALNT1 7 42 N

�v̓΃aa΄0�-*Ά!E4΅(6͎�ʘ˂̖ͪĴ4��/΅hM1-B4GALNT1 7 M1

͏Ņ^q��Eǃ�/ 4΅6΅7ɓɣ4΅mM1-B4GALNT17 8΅11΅12΅13΅14ɓɣ4

N�Y±�KƩ.�1�E΅M1-ST3GAL5 1ēǹ4 R-based motif 4DG_�c¿�E

ş˂¿:6̪˧̡̩�˧JHG�1�ɱĢ!H*Ά 

ʄΊͧ B4GALNT1NPg}T��6ɊɉǿǸ6˼Ǧ 

� ȁ4΅B4GALNT1 mRNA variant 24��/��X�dX�±�[4D-/M1-΅M2-

B4GALNT16�NPg}T���Ɋɉ!HG�2��Ƕ̀"*Ά mRNA variant 26͏

Ņ^q�M1îƆ6̀é7΅zp΅�Qd0(H)H ACCGAGAUGT΅GCCGAGAUGG

0�GΆ͏Ņ^q�6̈̐7 AUG 6 3ĹĶî΃-3΄6 purineĹĶ΃A>*7 G΄�ǘB

ͅ˲0�G�1�E΅mRNA variant 26͏Ņ^q�M17ûç4̈̐!HGď˅ƒ�ͽ

�Ά>%΅đNPg}T��6çň͇ȋ̠6*A΅��X�dX�±�[6ŀ̿çKƠ�

G1!HG^alZ̀é΃Kozak sequencesΐks �́GCCACC�[53,35]K͏Ņ^q�î4

±ó"*^�dp�Zp΃ks-hM1-B4GALNT1-FLAG΅ks-hM2-B4GALNT1-FLAG΅ks-

mM1-B4GALNT1-FLAG΅ks-mM2-B4GALNT1-FLAG΄KÁ˯"΅(H)HK CHO-K1

ʘ˂4�̶ɠ4ɝɅ!&*΃Fig. 19A Ά́˒i�yZ̖ɐçKĩĊ"΅ʐ͌É͵4DG˴�

�6çň͇6ĻóK˼Ȟ$G*A4 PNGase F 0ʐ͌KèǇƆ΅ơ FLAG ơ¿0QSd

i�~�lnO�[K˧-*΃Fig. 19B΅C Ά́hM1-΅hM2-΅mM1-΅mM2-B4GALNT1-

FLAGi�yZ̖7(H)H 57.1 4̈́9.6 5̈́2.6 5̈́1.0 kDa6b�[�x�q1"/Ƕæ!

H*Άȁ4΅͏Ņ^q�îKmRNA variant 26U�cr�̀é0Á˯"*^�dp�Z

p΃hM1-B4GALNT1-FLAG*΅mM1-B4GALNT1-FLAG*΄KÁ˯"΅î̧1ēǹ6˼Ǧ

K˧-*Ά(6ʜǧ΅hM1-B4GALNT1-FLAG*i�yZ̖7 ks-hM1-B4GALNT1-FLAG

i�yZ̖1ēǹ4 57.1 kDa 6b�[�x�q1"/Ƕæ!H΅mM1-B4GALNT1-

FLAG*i�yZ̖B ks-mM1-B4GALNT1-FLAGi�yZ̖1ēǹ4 52.6 kDa6b�[
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�x�q1"/Ƕæ!H*Ά³×6�1�E΅zp�D9�Qd6 B4GALNT1 mRNA 

variant 2 �E7 M1-B4GALNT1 6?�Ɋɉ!H΅��X�dX�±�[4DG M2-

B4GALNT1Ɋɉ7ɉ#3��1�ɱ!H*Ά 

ʄ΋ͧ M1-B4GALNT1(N)-GFPX��i�yZ̖6 R-based motif4DG̪˧̡̩ǿ

Ǹ6˼Ǧ 

� zp1�Qd6M1-B4GALNT17΅ʘ˂̖ͪĴ4 RR΅RXR̀é΃R-based motif΄K

B.ΆR-based motif�̪˧̡̩b[r�1"/ǿ˅$G*A47΅˒ ̬̔ͪĴ�E6̜͜

�Ə˲0�G[57]Ά�6̜͜7i�yZ̖6ɻͰC R-based motif 6 R6ǃ4D-/ɔ

3G�΅�Qd ST3GAL5 07˒̬̔ͪĴ�Eʓ 30 N�v̓ɺŹ0�G�1�J�-/

�G[35]Ά�6 R-based motif �̪˧̡̩b[r�1"/ǿ˅$G�2��6̇ʘ3Ƕ̀

K˧�*A4 ḧ́M1- ḧ́M2-΅mM1-΅mM2-B4GALNT16˒̬̔ͪĴ΃TM΄KĖ@ NǞ

ʃ4ʥ˛˥×i�yZ̖΃green fluorescent proteinΐGFP΄K±ó"*^�dp�Zp

΃hM1-΅hM2-΅mM1-΅mM2-B4GALNT1(N)-GFP΄KÁ˯"  ̈́ CHO-K1ʘ˂4�̶ƒ

4ɝɅ!&*΃Fig. 20A Ά́ɝɅɰ̈6*A΅˒i�yZ̖ɐçKĩĊ"΅ơ GFPơ¿0

QSdi�~�lnO�[K˧-*΃Fig. 20B Ά́hM1-΅hM2-΅mM1-΅mM2-

B4GALNT1(N)-GFP i�yZ̖΃¤ƕçň͇ΐ39.5΅31.5΅37.9΅33.6 kDa΄7 40.0΅

28.0΅38.0΅30.0 kDa6x�q0Ƕæ!H*Ά 

 � ȁ4΅CHO-K1ʘ˂4ɝɅ!&*đ GFP ˦Ēi�yZ̖6ʘ˂ßŢįK΅ơ GFP ơ

¿Kɋ�*͐ư˥×ơ¿ȕ0˺Ś"*ΆR-based motifKB*3� hM2- B4GALNT1(N)-

GFP �̈́D9mM2-B4GALNT1(N)-GFP7 ǯ̈́Ẹ̌4qlpȿ4˺Ś!HG_�c¿4Ⱦ

ƍɠ3Ţį�˴EH΅_�c¿6��V�i�yZ̖0�G GM130 1̿çɠ4ÝŢįK

ɱ"*Ά(H4ś"΅R-based motif KB. hM1-B4GALNT1(N)-GFP΅�D9 mM1-

B4GALNT1(N)-GFP7ʘ˂̖ͪĴ4ʣɣȿ4˺Ś!HGş˂¿4Ⱦƍɠ3Ţį�˴EH΅

ơş˂¿ʫɒb[r� KDELơ¿1ÝŢįKɱ"*΃Fig. 21A B̈́ F̈́ig. 22 F̈́ig. 23 F̈́ig. 

24 Ά́³×6ʜǧ7 z̈́p1�Qd6M1-B4GALNT16 NǞ4Ŋį$G R-based motif�

_�c¿�Eş˂¿:6̪˧̡̩b[r�1"/ǿ˅$G�1KɱĢ"/�GΆ 
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� ̪˧̡̩4͑JGN�Y±�ȆĶ΃R΄Kēő$G*A΅hM1-B4GALNT1(N)-GFP 6

R-based motif 4ĽɔKÚH*^�dp�ZpKÁ˯"΅(6ʘ˂ßŢįK˺Ś"*Ά4΅

6 7̈́ɓɣ6 RK(H)Hf��΃S 4́ʮƳ"*Ľɔ¿΃hM1-B4GALNT1(N)-GFP-R4S΅

-R6S -̈́R7S΄KɝɅ!&*ĸĒ΅ŀ̿ç�_�c¿1ş˂¿6�ǉ4Ţį"*Ά6 7̈́ɓɣ

6 RKēǓ4 S4ʮƳ$G΃hM1-B4GALNT1(N)-GFP-R6S/R7S΄1 _̈́�c¿Ţį6ȋ

Ʉ�Ļó"*Ά4 6̈́ 7̈́ɓɣ6Û/6 RKēǓ4 S4ʮƳ$G΃hM1-B4GALNT1(N)-GFP-

R4S/R6S/R7S 1́ Ŏ̈́Û4_�c¿4Ţį�b}p"*΃Fig. 21A 2̈́4 Ά́³×6ʜǧ�E΅

4R6R7R 7 hM1-B4GALNT1(N)-GFP i�yZ̖6ş˂¿Ţį÷4ͅ˲0�F΅_�c¿

�Eş˂¿:6̪˧̡̩b[r�1"/ǿ˅$G�1�ɱ!H*Ά 

� ȁ4΅mM1-B4GALNT1(N)-GFP6 8΅11΅12΅13΅14ɓɣ6 RK S4ʮƳ"*Ľɔ

¿ ΃ mM1-B4GALNT1(N)-GFP-R8S ΅ -R11S ΅ -R12S ΅ -R13S ΅ -R14S ΅ -

R11S/R12S/R13S/R14S΄KɝɅ!&΅ēǹ6˼ǦK˧-*ΆmM1-B4GALNT1(N)-GFP-

R8S7͆ɉĲ1ēǹ4ş˂¿ŢįKɱ"*� m̈́M1-B4GALNT1(N)-GFP-R11S -̈́R12S΅

-R13S΅-R14S 7_�c¿Ţį6ȋɄ�Ļó"*Ά!E4΅mM1-B4GALNT1(N)-GFP-

R11S/R12S/R13S/R14S 7ŎÛ4_�c¿4Ţį"*΃Fig. 21B΅23 Ά́³×6ʜǧ�E΅

11R12R13R14R7mM1-B4GALNT1(N)-GFPi�yZ̖6ş˂¿Ţį÷4ͅ˲0�F z̈́p

1ēǹ4_�c¿�Eş˂¿:6̪˧̡̩b[r�1"/ǿ˅$G�1�ɱ!H*Ά 

ʄΌͧ Û͎ B4GALNT16 R-based motif4DG̪˧̡̩ǿǸ6˼Ǧ 

� M1-B4GALNT1(N)-GFP ˦Ēi�yZ̖0̪˧̡̩b[r�1"/ǿ˅"/�* R-

based motif �Û͎ B4GALNT1 0Bēǹ6ǿ˅Kɱ$�ɰ�AG*A4΅hM1-

B4GALNT1-FLAG΅hM1-B4GALNT1-FLAG- R4S/R6S/R7S΅�D9 hM2-B4GALNT1-

HAK��kQP�d0 CHO-K1ʘ˂4ōőɝɅ!&*΃Fig. 25A΅Fig. 26 Ά́(H)H

6ʘ˂ßŢį7ơ FLAG ơ¿΅B"�7ơ HA ơ¿Kɋ�*͐ư˥×ơ¿ȕ0˺Ś"*Ά

hM1-B4GALNT1-FLAG7̿çɠ4_�c¿΃GM130΄̈́ ş˂¿΃KDEL΄��V�1Ý

ŢįKɱ"*ΆR-based motif4ĽɔKŞÚ"* hM1-B4GALNT1-FLAG- R4S/R6S/R7S

�ŎÛ4_�c¿4Ţį"*�1�E ḧ́M1-B4GALNT1-FLAG6̿çɠ3ş˂¿:6Ţ
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į7̪˧̡̩4DGB61ʴ�EHGΆR-based motif KB*3� hM2-B4GALNT1-HA

7 <̈́=ŎÛ4_�c¿4Ţį"*ΆM1-ST3GAL57 R-based motif4DG̪˧̡̩ǿǸ

4D-/(6ŀ̿ç�ş˂¿4Ţį$G�1�E ḧ́M1-B4GALNT1-FLAG6̪˧̡̩7

M1-ST3GAL51ȋ̠$G1õɄ�½��1�ɱĢ!HGΆ 

� ȁ4 m̈́M1-B4GALNT1-FLAG΅mM1-B4GALNT1-FLAG-R11S/R12S/R13S/R14S΅�

D9mM2-B4GALNT1-HAK��kQP�d0 CHO-K1ʘ˂4ōőɝɅ!&*΃Fig. 25B΅

Fig. 26 Ά́(H)H6ʘ˂ßŢįKơ FLAGơ¿΅B"�7ơ HAơ¿Kɋ�*͐ư˥×

ơ¿ȕ0˺Ś"*Ά mM1-B4GALNT1-FLAG 7_�c¿1ş˂¿6�ǉ4ŢįKɱ"΅

R-based motif 4ĽɔKŞÚ"* mM1-B4GALNT1-FLAG-R11S/R12S/R13S/R14S 7Ŏ

Û4_�c¿4Ţį"*ΆR-based motifKB*3� mM2-B4GALNT1-HA7΅<=ŎÛ

4_�c¿4Ţį"*Ά�HE6ʜǧ7΅×́6zp6ĸĒ1ēǹ4΅mM1-B4GALNT1-

FLAG 6̿çɠ3ş˂¿:6Ţį7΅R-based motif �̪˧̡̩b[r�1"/ǿ˅"*

ʜǧ0�G�1΅>*õɄ7½��1KɱĢ"/�GΆ 

� ǘƆ4΅ Û͎ B4GALNT1 6i[΃FLAG΅HA΄±ó4DGʘ˂ßŢį:6Ƃͦ6ǚ

ȵKɰ̈"*Άi[±ó!H/�3�mM1-B4GALNT1΅�D9 mM2-B4GALNT1K�

�kQP�d0 CHO-K1ʘ˂4ōőɝɅ!&΅(H)H6ʘ˂ßŢįKơmB4GALNT1

ơ¿΃9535Ex_ProteinA Ḱɋ�*͐ư˥×ơ¿ȕ0˺Ś"*΃Fig. 27 Ά́mM1-B4GALNT1

7_�c¿1ş˂¿6�ǉ4΅mM2-B4GALNT1 7_�c¿4Ţį"΅(H)H mM1-

B4GALNT1-FLAG΅mM2-B4GALNT1-HA 1ēǹ6Ţįyi��Kɱ"*Ά�HE6ʜ

ǧ�E Û͎̈́ B4GALNT16ʘ˂ßŢį7i[±ó4DGƂͦKČ�ȵ��1�ɱ!H*Ά 

ʄ΍ͧ B4GALNT16 in vivo4��G͂ʕșƒ6̅Æ 

� hB4GALNT1đNPg}T��6 in vivo4��G͂ʕșƒǨ;G*A4΅CHO-K1

ʘ˂4 hM1-B4GALNT1-FLAG�D9 hM2-B4GALNT1-FLAGK��kQP�dKɋ�

/ōő4ɝɅ!&*ΆɝɅǮÁ˯4ɋ�* CHO-K1ʘ˂7 GM2³͔6W�[�Ubq7

ɝɅ"/�3�*A΅ßįƒ6 GM2 Ēƛșƒ4ƂͦKČ�G�173�Ά˒i�yZ̖

ɐçKĩĊ"΅PNGase F0ʐ͌KèǇƆ΅ơ FLAGơ¿0QSdi�~�lnO�[K
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˧-*΃Fig. 27A Ά́hM1-΅�D9 hM2-B4GALNT1-FLAG71B4b�[�x�q0Ƕ

æ!H΅<=ʅ"�ɝɅ͇0�G�1�ɰ̈!H*Άȁ4΅�HE6ʘ˂�Eʤˆ̖KƤ

æ"΅ˆ̖˼ǦK˧-*Άʤˆ̖KƤæƆ΅̓ƒˆ̖1 ƒˆ̖4çɐ"΅�HE6ˆ̖

K TLC 0ç͜Ɔ΅U�bv��ɯ̓̆ˤ0Ę˛!&*΃Fig. 27B Ά́CHO-K1 4 hM1-

B4GALNT1-FLAG΅>*7 hM2-B4GALNT1-FLAGKɝɅ!&*ĸĒ΅�ʵ0̓ƒɐç

4 GM3DF�ț6 a-b��eW�[�Ubq0�G GM2΅GD1a�ǈ*4Ēƛ!H΅ 

ƒɐç0 LacCer΅Gb46ȤŠ�ɰ̈!H*ΆhM1-΅hM2-B4GALNT1-FLAG6ˆ̖ʚƛ

7ɻͰ΅ɝɅ͇1B4Ͱº"/�F΅hM1-B4GALNT1-FLAG 6 in vivo 4��G͂ʕș

ƒ7 hM2-B4GALNT1-FLAG1ŭ�3��1�ɱ!H*Ά 

ʄΎͧ M1/M2�n�jP��Ɓƛ� B4GALNT16ʘ˂ßŢį1͂ʕōőƒ4��G

Ƃͦ 

� zp1�Qd6ˉʚʬ 6 B4GALNT1 mRNA variant 26ɝɅ͇˼Ǧ6ʜǧ�E M̈́1-

B4GALNT1 7�Pr�NPg}T��0�G�΅M1-B4GALNT1΅�D9 M2-

B4GALNT1 6�NPg}T��7ˉʚʬ 0ÝɝɅ"/�G1¤ƕ!HG΃Fig. 15C΅

D Ά́>*΅M2-B4GALNT17 80C82C6cd�}OqʜĒ4DF��jP��KƁƛ$G

[58]�1�ķę!H/�F΅M1/M1΅M2/M2��jP��΅M1/M2�n�jP���Ɓ

ƛ!HG�1�ɱĢ!HGΆM1-΅M2-B4GALNT1�ʘ˂ß0ÝɝɅ$G�10ɉ#Gj

P��Ɓƛ1(6ɉɇŋɠͅ˲ƒKʏǭ$G*A΅hM1-B4GALNT1-FLAG 1 hM2-

B4GALNT1-HAK��kQP�d0 CHO-K1ʘ˂4ōőɠ4ÝɝɅ!&*Ά 

� ̽Õï4DGcd�}OqʜĒ6èǇ΃�v��÷΄6ƂͦKʴƙ"΅˒i�yZ̖ɐ

çK̽Õïǚ/ȵ΃b-Me(+)/b-Me(-)΄0̌Ǆ"*ΆPNGase F0ʐ͌KèǇƆ ơ̈́ FLAGơ

¿�D9ơ HAơ¿0QSdi�~�lnO�[K˧-*΃Fig. 29A Ά́hM1-B4GALNT1-

FLAG΃¤ƕçň͇ΐ68.2 kDa΄̈́ hM2-B4GALNT1-HA΃¤ƕçň͇ΐ60.2 kDa΄KþɁ

0 CHO-K1ʘ˂4ɝɅ!&*ĸĒ  ̈́b-Me(-)΃̽Õïȵ" 0́7(H)H 150 kDa΃M1/M1

��jP��΄̈́ 125 kDa΃M2/M2��jP�� 4́Ƕæ!H*ΆhM1-B4GALNT1-FLAG

1 hM2-B4GALNT1-HA KÝɝɅ!&G1΅ơ FLAG ơ¿΅ơ HA ơ¿6�ǉ0��j
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P��6x�q4ó�/ 130 kDa6¼ʮ4M1/M2�n�jP���Ƕæ!H*Ά�6�

1�E΅ʘ˂4 hM1-B4GALNT1-FLAG 1 hM2-B4GALNT1-HA �ÝɝɅ$GĸĒ΅�

NPg}T��6��jP��1�n�jP���Ɓƛ!HG�1�ɱĢ!H*ΆþɁɝ

Ʌ1ÝɝɅ4��G(H)H6NPg}T��΃�v�� 6́ɝɅ͇Kb-Me(+)΃̽Õïǚ

F΄0ȋ̠$G1΅(6ɝɅ͇4ŭ7˴EH3�-*Ά>*΅ÝɝɅʘ˂4��/΅��

jP��1�n�jP��6ɝɅ͇4ŭ�˴EH3��1�E΅jP��ƁƛõɄ4��

/Bŭ�3��1�ɱ!H*Ά 

� ȁ4 ḧ́M1-B4GALNT1-FLAG1 hM2-B4GALNT1-HAKÝɝɅ!&*Ǔ6ʘ˂ßŢį

Kơ FLAGơ¿ B̈́"�7ơ HAơ¿Kɋ�*͐ư˥×ơ¿ȕ0˺Ś"*΃Fig. 29B F̈́ig. 

30 Ά́ÝɝɅʘ˂4��/B΅hM1-B4GALNT1-FLAG 7_�c¿1ş˂¿6�ǉ4Ţį

"΅hM2-B4GALNT1-HA 7_�c¿4Ţį"*Ά�HE7΅(H)HKþɁɝɅ!&*

Ǔ6ʘ˂ßŢį1<=ēǹ6ʜǧ0�-*Ά³×6ʜǧ7 M̈́1/M2�n�jP��7̪˧

̡̩4DGş˂¿:6Ţį7ɉ#3��1 M̈́1/M1��jP��6̿çɠ3ş˂¿:6Ţ

į7M1/M2�n�jP��4DGƂͦ73��1KɱĢ"/�GΆ 

� ȁ4΅M1/M2 :n�jP��6Ɓƛ�͂ʕōőƒ4��GƂͦǨ;*ΆhM1-

B4GALNT1-FLAG1 hM2-B4GALNT1-HAK��kQP�d0þɁɝɅ΅ÝɝɅ!&*

CHO-K1ʘ˂4 ḯ�yZ̖Ēƛ͓Ŕï΃cycloheximideΐCHX Ḱ 5Ǔ͐åɇ"*ΆCHX

åɇƆ΅˒i�yZ̖ɐçKĩĊ"΅PNGase F0ʐ͌KèǇƆ΅ơ FLAGơ¿>*7ơ

HAơ¿0QSdi�~�lnO�[K˧-*΃Fig. 29C΅D Ά́CHXǝåɇ B4GALNT1

i�yZ͇K 100%1"*͘6 CHX åɇƆi�yZ̖͇6ȋ7΅þɁɝɅ6ĸĒ hM1-

B4GALNT1-FLAG7 58�12% ḧ́M2-B4GALNT1-HA7 30�11%0�GΆ�ǉ΅ÝɝɅ

!&*ĸĒ ḧ́M1-B4GALNT1-FLAG7 51�17%΅hM2-B4GALNT1-HA7 55�6%0�

-*Ά�HE6ʜǧ7΅hM2-B4GALNT1-HA6ōőƒ�΅hM1-B4GALNT1-FLAG1Ý

ɝɅ$G�14DF hM1-B4GALNT1-FLAG 1ēɺŹ>0ͯˡ4×ǐ$G�1Kɱ"/

�GΆM1/M2�n�jP��7ş˂¿:6̪˧̡̩�ɉ#3��1�E Ý̈́ɝɅǓ6 hM2-

B4GALNT1-HA 4��G͂ʕōőƒ6ĕ×7_�c¿ʫɒ6ź͎4DGB61ɱĢ!H
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GΆ  
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ʄΉʉ ʴŚ 

� ǟʂ07΅zp�D9�Qd6 B4GALNT1 4ȶȴKƀ/΅˰ǃ6NPg}T���ʘ

˂ß0ÝɝɅ"/�G�16ɉɇŋɠƖʲ6˼ǑKɣɠ1"*˼ǦKķę"*ΆGM3ɉĒ

ƛK˧� ST3GAL57 ʘ̈́˂̖ͪĴ6NǞʃ6͎!�ɔ3G 3.6NPg}T��΃M1-΅

M2-΅M3-ST3GAL5΄KB.[35]ΆST3GAL56ʘ˂̖ͪĴ7΅ʘ˂ßŢį΅͂ʕōőƒ΅

͂ʕșƒ6ìƊ4͑�"/�F΅N Ǟʃ̀é6ŭ�(H)H6NPg}T��6ʘ˂ßö

Ƙ6ŭ4ĉǒ!H/�GΆǘB͎�ʘ˂̖ͪĴKB. M1-ST3GAL5 7΅̪˧̡̩b[r

� R-based motif΃11R12R17R6 2.6 Rΐ11R12R΅11R[X]417R΅12R[X]417R΄4D-/ş˂

¿4ōő"/Ţį$GΆş˂¿4��G M1-ST3GAL5 6ɉɇɠƖʲ4.�/7΅Ķ̖1

3G LacCer΅CMP-bN�̓�Ŋį"3��1�E GM3 ĒƛK˧�*A17ʴ�͝�Ά

ďȬƒi�yZ̖0�G O-}^�d̞ɹ͂ʕ·΃OFUT1΄7΅_�c¿�Eş˂¿:6

̪˧̡̩4͑JGş˂¿Ţį÷b[r�0�G KDEL ̀éKB,΅ş˂¿4Ţį$GΆ

OFUT1 7΅_�c¿4��G}^�d̞ɹ͂ʕșƒ6°4΅ş˂¿4��Gb����

șƒBǚ$G�1�ķę!H/�G[59]ΆM1-ST3GAL54��/B΅ş˂¿0 GM3Ēƛ

³ľ6ǿǸ4͑�$Gď˅ƒ�ȆGB66 (̈́6ǿ˅6Ŋį7ǝ+�Ǒ0�GΆ�ǉ M̈́1-

ST3GAL5 K̶ðɝɅ!&*Œͺʑ4��/ GM3 Ēƛ�Ƕæ!HG�1�E΅M1-

ST3GAL5 6�̿7ş˂¿:6̪˧̡̩�EØH_�c¿0 GM3 Ēƛ4ŗ�$G�1B

ɱĢ!HG[35]Ά 

� NCBI o�i��d4ɞ͊!H* EST Z���K˼Ǧ$G�10΅zp1�Qd6

B4GALNT14��Gǈ˵6mRNAx�N�p(variant 2)K˴æ"*΃Fig. 15 F̈́ig. 16΅

Fig. 17 Ά́variant 2�E7ǌɪ6NPg}T��M2-B4GALNT11ȋ̠"/͎�ʘ˂̖

ͪĴ6 N ǞʃKB. M1-B4GALNT1 �ʳ̃!HGď˅ƒ�ͽ�΃Fig. 18 Ά́zp1�Q

d6 M2-B4GALNT1 6 N Ǟʃ72,EB 6 aa΅hM1-B4GALNT1 7 81 aa΅mM1-

B4GALNT17 40 aa0�F΅hM1-1 mM1-B4GALNT16 NǞʃ6N�v̓̀é6ɥē

ƒ7½�Ά"�"3�E΅�ʵ72,EB M2-B4GALNT1 47ȵ� R-based motif KB

,΅ßˌÑK GFP 4ʮƳ"* hM1-B4GALNT1(N)-GFP΅�D9 mM1-B4GALNT1(N)-
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GFP7 R-based motif4DG̪˧̡̩ǿ˅0ş˂¿4Ţį"*Άˆ̖¦ͅ˒�E�GɺŹ

6̜͜KB-* R-based motif7 C̈́OP�˫˳ş˂6`~�±lp0�Gb-COP1d-COP

�Ɓƛ$G̓ƒ�\lp4ʜĒ$G�10 COP�˫˳ş˂4ɽ?̤>H _̈́�c¿�Eş

˂¿:̪˧̡̩!HG [36]Ά hM1-B4GALNT1(N)-GFP 07 4RX6R7R �΅mM1-

B4GALNT1(N)-GFP07 11R12R13R14R� R-based motif1"/ǿ˅"/�*΃Fig. 20΅

Fig. 21΅Fig. 22΅Fig. 23 Ά́�ǉ΅Û͎ hM1-B4GALNT11mM1-B4GALNT14��/

7΅(6Ŀ��_�c¿4Ţį$G�1�ɱ!H*ΆhM1-B4GALNT1-R4S/R6S/R7S΅�

D9 mM1-B4GALNT1-R11S/R12S/R13S/R14S 6Ţį7_�c¿0�G�1�E΅hM1-

B4GALNT1΅�D9mM1-B4GALNT16̿çɠ3ş˂¿Ţį� R-based motif6̪˧̡

̩4DG�17ǑE�0�G΃Fig. 25΅Fig. 26΅Fig. 27 Ά́ 

� R-based motif �̪˧̡̩b[r�1"/ǿ˅$G*A47΅ˆ̖¦ͅ˒16̜͜�Ə

˲0�G1ɱĢ!H/�G[57]Άfunction distance7 R-based motif�Eˆ̖¦ͅ˒>0

6N�v̓ȆĶ6ǃ0˪!H΅mST3GAL56 11R12R΅11R[X]417R΅12R[X]417R0(H)H

30 aa 4̈́5 aa 5̈́3 aa0�G[35]Ά�HE6�1�E΅Û͎M1-B4GALNT10˴EH* R-

based motif6ǿ˅½�6ăĪ6·.7 ʘ̈́˂̖Ñ6N�v̓̀é4DGB6 $̈́3J,΅

ˆ̖¦ͅ˒1 R-based motif >06̜͜4DGB60�G1ƱȨ!H*ΆmM1-

B4GALNT16ʘ˂̖Ñ6N�v̓6 0 8̈́R 1̈́1R 1̈́2R 1̈́3R 1̈́4R� R-based motif1"

/ǿ˅$G function distanceKB.1´ő"/˼Ǧ"*ʜǧ m̈́M1-B4GALNT1(N)-GFP-

R11S΅ -R12S΅ -R13S΅ -R14S 6Ľɔ¿�¡4_�c¿4Ţį"*΃Fig. 21B Ά́

mM1B4GALNT1(N)-GFP-R8S6Ţį7ş˂¿�EĽ÷�ȵ� 8̈́R7̪˧̡̩47͑�"

3��1�ɱ!H*΃Fig. 21B Ά́11R12R13R14R1ˆ̖¦ͅ˒6̜͜7 28 aa0�F΅�6

R-based motif � mM1-B4GALNT1(N)-GFP 6̪˧̡̩b[r�1"/ǿ˅$G*A4

7΅RRR R̈́XR΅RR073� RRRR�Ə˲0�G�1Kɱ"/�GΆ hM1-B4GALNT1

B 11R12R13R14R 1ɥē3¼ʮ4 51R΅53R KB,΅ˆ̖¦ͅ˒16̜͜7 32΅30 aa 0�

G΃Fig. 18 Ά́mM1-B4GALNT1(N)-GFP6 function distanceKʴƙ$G1΅51RX53R�

̪˧̡̩b[r�1"/ǿ˅$G47̜͜��̛"/�G*A΅b[r�̀é4͑JE3
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�1¤ȨæǣGΆhM1-B4GALNT17΅̂ ̖¦ͅ˒16̜͜� 75 aa0�G 4RX6R7RKB

.ΆhM1-B4GALNT1(N)-GFP-R4S -̈́R6S -̈́R7S6Ľɔ¿7_�c¿1ş˂¿6�ǉ4Ţ

į$G�1�E΅RR΅RXR΅R(X)2R ��GɺŹ̪˧̡̩b[r�1"/ǿ˅"/�G�

1Kɱ"/�G΃Fig. 21A Ά́>*΅hM1-B4GALNT1(N)-GFP-R6S/R7S Ľɔ¿4��/

B_�c¿1ş˂¿6�ǉ4Ţį$G�΅�H>04þɁ6 R6?�̪˧̡̩b[r�1

"/ǿ˅$Gķę73�Ά"*�-/ 8̈́ɓɣ6 K 1̈́2ɓɣ6 RB̪˧̡̩b[r�1"

/͑JGď˅ƒ��F ®̈́Ɔ6Ƕ̀�Ə˲0�GΆ³×6ʜǧ7 R̈́-based motif1ˆ̖¦

ͅ˒6̜͜�̪˧̡̩4͑�"/�G1��´őKƿƩ"΅ʘ˂̖Ñ6N�v̓̀é�̪

˧̡̩õɄKȑő$G�Ī0�G�1Kɱ"/�GΆ 

� R-based motif6ǿ˅½�6B�·.6ăĪ1"/΅ßˌÑçň͇6Ļó4DG COP�

˫˳ş˂:6ɽ?̤?͓Ŕ�ƫ�EHGΆCOP�˫˳ş˂7 B-subcomplex΃a-b‘-e-COP΄

1 F-subcomplex΃g-z-b-d-COP΄i�yZ̖˰Ē¿�EƁƛ!H΅½çň͇ GTPase΃Arf

}M���΄6ìƊKČ�/ɽ˟K̻Ƣɠ4Ȱʩ"̡̩$G[60]ΆR-based motif�ʜĒ$

G F-subcomplex7΅B-subcomplex1ɥ§Áɋ"/�G�1�E΅B-subcomplex1ʜĒ

$Gë6̪˧̡̩b[r� K(X)KXX motif KB.ɽ˟i�yZ̖1ßˌÑ0ͣŲ4̥ư

"*̀ʮKB.1¤ƕ!HG[61-63]Ά�HE6�1�E C̈́OP�˫˳ş˂:6ɽ?̤?4

7ēǳ!HGɽ˟i�yZ̖1ʁ¿͙ŔK̙�$ßˌÑçň͇��F΅(H4DF M1-

B4GALNT16ɽ?̤?͓Ŕ�ɉ#/�G1´ő"΅Ƕ̀K˧-*. 

� mM1-ST3GAL5(N)-GFP ΅ mM1-B4GALNT1(N)-GFP ΅ mM1-ST3GAL5 ΅ mM1-

B4GALNT16ßˌÑçň͇7΅ͨ 4 26.8 2̈́6.8 3̈́7.1 5̈́6.5 kDa0�GΆmM1-B4GALNT1

7jP��KƁƛ$G*A΅˴��6çň͇7 M1/M2-΅M2/M2-B4GALNT11B4 113 

kDa0�GΆ!E4 ß̈́ˌÑ GFPKi�o�4ưʡ"* mM1-B4GALNT1(N)-2GFP΃ß

ˌÑçň͇ 53.6 kDa΄KÁ˯"΅ʘ˂ßŢįǨ;*Ά¤ƕ̬F΅mM1-B4GALNT1(N)-

GFP7ŎÛ4ş˂¿4Ţį"*64ś"΅mM1-B4GALNT1(N)-2GFP7�̿�̪˧̡̩

!H%4_�c¿4Ţį"/�*Ά�HE7΅ßˌÑçň͇6Ļó�̪˧̡̩õɄK½�

!&/�G1��´őKƿƩ"/�G΃Fig. 31 Ά́³×6�1�E΅COP�˫˳ş˂:6
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ɽ?̤?7΅ßˌÑçň͇4DGìƊKČ�G�1�ɱĢ!H*Ά 

� mM1-ST3GAL57̪˧̡̩4DFş˂¿4Ţį$G�΅̪ ˧̡̩KØH*�̿7_�c

¿06 GM3Ēƛ4ąó$GΆ"�"3�E΅in vitro6͂ʕșƒ7 mM3-ST3GAL51ȋ

̠"/CC½��1�ɱ!H/�G[35]. 

hM1-B4GALNT1 7̿çɠ4ş˂¿4Ţį$G�΅in vivo 4��G͂ʕșƒ7 hM2-

B4GALNT16͂ʕșƒ1ē�0�-*΃Fig. 25 F̈́ig. 28B Ά́in vivo͂ʕșƒ4ɋ�*ʘ

˂7 �̈́�kQP�dɝɅʑKɋ�/ CHO-K1ʘ˂4ōőɝɅ!&/�F ß̈́įƒi�y

Z̖ɝɅ1ȋ̠"/̶ð3i�yZ̖ɝɅKB*E$Ά�6Œͺʑ4��/΅_�c¿4

��G hM1-B4GALNT1ɝɅ͇�ʹĞȿƘ4�G1´ő$G1 ḧ́M1-B4GALNT1�D9

hM2-B4GALNT1 ͐6ʘ˂ßŢį6ŭ7͂ʕșƒ6ŭ4ĉǒ!H/�3�ď˅ƒ��GΆ

Œ͘4΅ßįƒʐ̞ɹ͂ʕ6ɝɅ7ƌ͇0�F΅�Qd6ˉ΅�D9ʻ˔Kɋ�/ßįƒ

B4GALNT16ǶæK̆?*�΅Ƕæ͕ɑ³�0�-*΃Fig. 32 Ά́in vitro6ʑ4DG͂

ʕșƒ6Ȩő7®Ɔ6̋ͭ0�GΆ 

� B4GALNT1 6đNPg}T��6ʘ˂ßōőƒǨ;*1�I΅hM1-B4GALNT1 7

hM2-B4GALNT1 1ȋ̠"/ōőƒ�Ļó"/�*΃Fig. 29C΅D Ά́>*΅hM1-

B4GALNT1-R4S/R6S/R7SĽɔ¿7 hM2-B4GALNT11ēɺŹ6ōőƒKɱ$�1�E΅

hM1-B4GALNT16ōőƒ7 R-based motif4DG̿çɠ3ş˂¿:6Ţį�ŗ�"/�

G�1�ɱĢ!H*Άśȸɠ4 ḧ́M2-B4GALNT11 hM1-B4GALNT1KÝɝɅ!&*ʘ

˂4��/ ḧ́M1/M2-B4GALNT17ş˂¿4Ţį"3�4B͑JE% ḧ́M2-B4GALNT1

6ōőƒ�Ļó"/�*΃Fig. 29B΅C΅D Ά́ 

� ³×6�1�E ḧ́M1-/M2-B4GALNT1�n�jP��7�hM1-B4GALNT16R-based 

motif 4DGş˂¿:6̪˧̡̩7˧JH3��΅hM2-B4GN1 ��jP��DFBōő

0�G�1�ɱĢ!H*΃Fig. 33 Ά́ʄ 3ʂ0̧;G� _̈́�c¿4ōő"/Ţį$GmM3-

ST3GAL5 7΅_�c¿6Ǻ͐6̪˧̡̩4DF_�c¿4ʫɒ!H/�F΅ʘ˂̖ͪĴ

4Ŋį$G R/K-based motif�_�c¿ʫɒ4͑�$G�1�ɱĢ!H/�G[40]Ά hM1-

B4GALNT16 R-based motif΃4RX6R7R̀é΄7΅_�c¿͐6̪˧̡̩KÇ̱$G΅>
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*7_�c¿�E6�n�jP��6̡̩KƠì$G32΅B4GALNT1 Û¿6_�c¿

ʫɒ6ź͎4͑�$G6�B"H3�Ά 

� M1-B4GALNT17mRNA variant 2�E6?Ɋɉ!HG*A΅mRNA variant 26ɝɅ

����zp�D9�Qdˉʚʬ4��/Û B4GALNT1 mRNA ɝɅ͇6 10�20΂0�

G΃Fig. 15΄�1Kʴƙ$G1΅ɉ¿ß4��G M1-B4GALNT1 6ɝɅ���7 M2-

B4GALNT1DFB½�Ά(6*A ʘ̈́˂07ŀ̿ç�M2-B4GALNT16��jP��0

�F΅(6 ��̿� M1-/M2-B4GALNT1 6�n�jP��KƁƛ"/�G1¤ƕ!H

GΆ�6J%�3�n�jP��Ɓƛ4DG B4GALNT1 6ōő÷�ˉʚʬ324��G

W�[�UbqĒƛ426D�3ƂͦK��/�G6�΅®ƆǑE�4"/��Ə˲��

GΆ 
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ʄΊʉ Ǡǆ1ǉȕ 

Œͺ̆ˤ�ŒͺǠǆ 

Lipofectamine 2000 Regent : Invitrogen 

Ham’s F-12 : Wako 

poly-L-lysine : SIGMA 

DMEM (4.5g/l Glucose) with L-Gln and Sodium Pyruvate, liquid : Nacalai Tesque  

IMDM with L-Gln and HEPES, liquid: Nacalai Tesque 

Dulbecco’s Modified Eagel’s Medium Nutrient Mixture F-12 HAM (HAM/D-MEM) : 

SIGMA 

Penicillin-streptmicyne mixed Solution Stabilized : Nacalai Tesque 

Fetal Bovine Serum (FBS) : Biosera 

CELLBANKER 1 : ǍǟÛˤŬǷ 

ReverTra Ace qPCR RT Master Mix with gDNA Remover : Toyobo 

First-Strand cDNA Synthesis kit for RT-PCR : Roche Diagnostics 

Sepasol-RNA I Super G : Nacalai Tesque 

Forskolin : SIGMA 

cOmplete, EDTA-free protease inhibitor cocktail : Roche Diagnostics 

Peptide: N-glycosidase F (PNGase F) : New England Biolabs 

Pierce BCA protein assay kit : Thermo Fisher Scientific 

Prestained XL-Ladder : APRO 

PVDF˒ : MILLIPORE 

AmershamTM ECL Western Blotting detection Reagents : GE Healthcare 

AmershamTM ECL Select Western Blotting detection Reagents : GE Healthcare 

Xʧ}O�� RX-U : FIJIFILM 

DEAE Sephadex A-25 : GE Healthcare 
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Sep-Pak Plus C18 : Waters 

Can Get Signal Immunoreaction Enhancer Solution 1 : TOYOBO 

Image it Fx signal enhancer : Invitrogen 

Protein A : Thermo Fisher Scientific 

Protein A/G plus-agarose : Santa Cruz Biotechnology 

SMARTer RACE 5’/3’ Kit : Takara Bio 

MagExtractor-PCR&Gel Clean up kit : TOYOBO 

cycloheximide : SIGMA 

ProLong Gold antifade reagent : Thermo Fisher 

KOD FX Neo : TOYOBO 

2×TaqMan Universal Master Mix II : Applied Biosystems 

pGEM-T Easy Vector : Promega 

pENTR/D-TOPO vector : Life Technologies 

CSII-CMV-RfA : Life Technologies 

Gateway LR Clonase enzyme mix II : Invitrogen 

TLC Silica gel 60 : Merck 

PrimeSTAR Mutagenesis Basal Kit : TAKARA 

pEGFP-N1 : Addgene 

In-Fusion HD Cloning Kit : TAKARA 

 

ơ¿ 

�QSdi�~�lnO�[ɋ�ȁơ¿ 

ơ B4GALNT1ơ¿ (9535_Ex_ProteinA) : GM2SßˌÑ(504ȆĶ)Kơă1"/Á˯"*

Rabbit��Z��r�ơ¿ΆProteinA0ʏ˯"*Ά 

ơ B4GALNT1ơ¿ (ab135902) : Abcam 

ơ calnexin (H-70)ơ¿ : Santa Cruz Biotechnology 
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ơb-actinơ¿ : SIGMA 

ơ FLAGơ¿ : Agilent Technologies 

ơ HAơ¿ : InvivoGen 

ơ GFPơ¿ (IgY fraction) : Aves Labs 

 

�QSdi�~�lnO�[ɋ¦ȁơ¿ 

ơmouse IgG HRPơ¿ : GE Healthcare 

ơ chicken IgY HRPơ¿ : Aves Labs 

Rabbit IgG TrueBlot : eBioscience, 

 

�͐ư˥×ơ¿ȕɋ�ȁơ¿ 

anti-FLAG (monoclonal antibody: Agilent; polyclonal antibody: Sigma) 

ơ B4GALNT1ơ¿ (9535_Ex_ProteinA) : GM2SßˌÑ(504ȆĶ)Kơă1"/Á˯"*

Rabbit��Z��r�ơ¿ΆProteinA0ʏ˯"*Ά 

ơ KDELơ¿ : StressGen Bioreagents 

ơ GM130ơ¿ : BD Bioscience 

 

�͐ư˥×ơ¿ȕɋ¦ȁơ¿ 

ơmouse IgG Alexa 594ơ¿(Alexa Fluor 594) : Invitrogen 

ơ rabbit IgG Alexa 488ơ¿(Alexa Fluor 488) : Invitrogen 

 

ʨ˨ȟ 

�buffer A : 50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 10% glycerol, 4 M urea, 1x 

cOmplete protease inhibitor mixture 

�2x SDS sample buffer : 125 mM Tris-HCl (pH 6.8), 4% SDS, 20% glycerol, trace 

amount of bromophenol blue 
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�SDS-PAGE running buffer : 25 mM Tris(pH 8.9)�192 mM glycine�0.1% SDS 

�transfer buffer : 25 mM Tris�192 mM glycine�20% methanol 

�blocking buffer : 0.5% dX���Z/TBS-T 

�TBS-T : 137 mM NaCl�20 mM Tris(pH 7.5)�0.05% Tween20 

�PBS : 137 mM NaCl�2.68 mM KCl�10 mM Na2HPO4�1.76 mM KH2PO4 

�Saline : 0.9%NaCl 

�immunoprecipitation (IP) buffer : 50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 2 mM NaF, 

1 mM EDTA, 1% TritonX-100, and 1x Complete 

�washing buffer : 20 mM Tris-HCl (pH 7.5), 137 mM NaCl, and 0.05% Tween 20 

ŒͺöȽ 

BALB/cCrSlc�Qd΃B4GALNT1+/+ 7́ Japan SLCDF̗Ú"*ΆB4GALNT1vlZ

NQp�Qd΃B4GALNT1-/- 7́ BALB/cCrSlcKxlZ[�Q�q4B.ʑʞKɋ�*Ά 

ͳʾǢµ7ʄ 1ʂʄ 4ʉ6�ŒͺöȽ�1ēǹ0�GΆ 

Plasmids 

ǟʂ0Âɋ"*��d�q�˸ 

Plasmid name Inserted ORF Vector 

pFS 444 hM1-B4GALNT1-FLAG pcDNA3-FLAG4 

pFS 471 hM1-B4GALNT1-FLAG* pcDNA3-FLAG4 

pFS 452 hM2-B4GALNT1-FLAG pcDNA3-FLAG4 

pKM 6 mM1-B4GALNT1-FLAG pcDNA3-FLAG4 

pKM 15 mM1-B4GALNT1-FLAG* pcDNA3-FLAG4 

pKM 5 mM2-B4GALNT1-FLAG pcDNA3-FLAG4 

pKM 22 mM1-B4GALNT1 pcDNA3.1zeo(+) 

pKM 23 mM2-B4GALNT1 pcDNA3.1zeo(+) 

pFS 446 hM1-B4GALNT1(N)-GFP pEGFP-N1 

pFS 468 hM1-B4GALNT1(N)-GFP R4S pEGFP-N1 

pFS 469 hM1-B4GALNT1(N)-GFP R6S pEGFP-N1 

pFS 470 hM1-B4GALNT1(N)-GFP R7S pEGFP-N1 
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pFS 460 hM1-B4GALNT1(N)-GFP R6/7S pEGFP-N1 

pFS 611 hM1-B4GALNT1(N)-GFP R4/6/7S pEGFP-N1 

pFS 453 hM2-B4GALNT1(N)-GFP pEGFP-N1 

pFS 222 mM1-B4GALNT1(N)-GFP pEGFP-N1 

pFS 398 mM1-B4GALNT1(N)-GFP R8S pEGFP-N1 

pFS 262 mM1-B4GALNT1(N)-GFP R11S pEGFP-N1 

pFS 424 mM1-B4GALNT1(N)-GFP R12S pEGFP-N1 

pFS 425 mM1-B4GALNT1(N)-GFP R13S pEGFP-N1 

pFS 426 mM1-B4GALNT1(N)-GFP R14S pEGFP-N1 

pFS 265 mM1-B4GALNT1(N)-GFP R11/12/13/14S pEGFP-N1 

pKM 9 mM2-B4GALNT1(N)-GFP pEGFP-N1 

pKM 82 mM1-B4GALNT1(N)-2GFP pEGFP-N1 

pFS 473 hM1-B4GALNT1-FLAG CSII-CMV-RfA 

pFS 527 hM1-B4GALNT1-FLAG R4/6/7S CSII-CMV-RfA 

pFS 493 hM2-B4GALNT1-FLAG CSII-CMV-RfA 

pFS 563 hM2-B4GALNT1-HA CSII-CMV-RfA 

pFS 571 mM1-B4GALNT1-FLAG CSII-CMV-RfA 

pFS 577 mM1-B4GALNT1-FLAG R11/12/13/14S CSII-CMV-RfA 

pFS 573 mM2-B4GALNT1-HA CSII-CMV-RfA 

×́�˸6��d�q6Á˯ƟͨK³�4ɱ$ΆZ��±�[ƽÁ7(H)Hǻȫɠ3�

�p^�4ȫ#/˧-*Ά 
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�pGEM-T Easy vector:6Z��±�[ 

ʚʬɍǣ6 cDNAK͉Ĳ1"΅PCR0ɣɠ̀éKĻų"*ΆĻųɊȽ7 A±óK˧�΅

NW��d]�͞ȍȗö0ç͜�ʏ˯Ɔ΅pGEM-T Easy vector4 T/A cloning0ʚ̤L

+ΆƉEH*Z���7 DNAb�\�`1 ORFß4̂ő"*��P��Kɋ�/̀é

Kɰ̈"*. 

 

�pGEM-T Easy vector:6Z��±�[΃pcDNA3 vector:6ʚ?̤?ɋ΄ 

pKM2΃mM1-B4GALNT1΄̈́ pKM1΃mM2-B4GALNT1΄K͉Ĳ1"΅kozak̀éK±

ó$G��P��Kɋ�/ PCR0ĻųK˧�΅×̧6ǉȕ0 pGEM-T Easy vector4ʚ

̤?΅pKM4΅pKM31"*Ά>*΅pKM2΃mM1-B4GALNT1΄K͉Ĳ1"΅͏Ņ^q

�M1ɤî6 GCGGAG̀éK±ó$G��P��Kɋ�/ēǹ4˧�΅pKM111"

*Ά 

 

 

Plasmid ͉Ĳ ORF Primers 

pFS 432 zpˉ cDNA 
hM1-
B4GALNT1 

5’- ATGCAGGAGAGGGCGAGAAGAAAG -3’ 
5’- TCACTGGGAGGTCATGCACTGCAG -3’ 

pKM 2 �Qdˉ cDNA 
mM1-
B4GALNT1 

5’- ATGGCTGGCCTTGGGTACCTGCGCGAGCCTC 
GG -3’ 
5’- TACAGTGCATGACCGCCGAGTGA -3’ 

pKM 1 �Qdˉ cDNA 
mM2-
B4GALNT1 

5’- ATGCGGCTAGACCGCCGGGCCCTC -3’ 
5’- TACAGTGCATGACCGCCGAGTGA -3’ 

Plasmid ͉Ĳ ORF Primers 

pKM 4 pKM 2 mM1-B4GALNT1 
5’- GGATCCGCCACCATGGCTGGCCTTGGGTACC 
TG -3’ 
5’- TGGATCCTCGGCGGTCATGCACTGTAGCC -3’ 

pKM 11 pKM 2 mM1-B4GALNT1 
5’- GGATCCGCGGAGATGGCTGGCCTTGGGTACC 
TG -3’ 
5’- TGGATCCTCGGCGGTCATGCACTGTAGCC -3’ 

pKM 3 pKM 1 mM2-B4GALNT1 
5’- GGATCCGCCACCATGCGGCTAGACCGCCGGG 
CCCTC -3’ 
5’- TGGATCCTCGGCGGTCATGCACTGTAGCC -3’ 
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�pGEM-T Easy vector:6Z��±�[΃pEGFP-N1 vector:6ʚ?̤?ɋ΄ 

pKM6΃mM1-B4GALNT1-FLAG΄̈́ pKM5΃mM2-B4GALNT1-FLAG΄K͉Ĳ1"΅ß

ˌÑ̀éKĖ>3�̀éKĻų$G��P��Kɋ�/ PCRK˧�΅×̧6ǉȕ0

pGEM-T Easy vector4ʚ̤?΅pKM8΅pKM71"*Ά 

pKM6΃mM1-B4GALNT1-FLAG΄K͉Ĳ1" 2̈́Ȉ͗ PCRȕ0 R-based motif4ĽɔK

ŞÚ"*Ά>% p̈́rimary PCR1"/ primer-F1/R1 p̈́rimerF2/R20(H)HĻų"*Ά

ʏ˯"* PCRɊȽKȡĒ"/͉Ĳ1" p̈́rimerF1/R20 secondary PCRK˧-*Ά×̧

6ǉȕ0 pGEM-T Easy vector4ʚ̤L+Ά 

 

�pGEM-T Easy vector:6Z��±�[΃Real-time PCRǶ͇ʧɋ΄ 

zpˉʚʬɍǣ6 cDNA K͉Ĳ1"΅18S rRNA ̀é΅�D9 5’-UTR KĖ@ hM1-

B4GALNT1̀éK PCR0Ļų"*ΆĻųɊȽ7×̧6ǉȕ0 pGEM-T Easy vector4ʚ

Plasmid ͉Ĳ ORF Primers 

pKM 8 pKM 6 
mM1-
B4GALNT1(N) 

5’- GACTTTCCATTGACGTCAATGGG -3’ 
5’- CCCGGGCAAGGTCTAGCAGATCGAGTCTCG -3’ 

pKM 7 pKM 5 
mM2-
B4GALNT1(N) 

5’- GACTTTCCATTGACGTCAATGGG -3’ 
5’- CCCGGGCAAGGTCTAGCAGATCGAGTCTCG -3’ 

Plasmid ͉Ĳ ORF Primers 

pFS 235 pKM 6 
mM1-
B4GALNT1(N) 
-R11S 

F1 : 5’- GACTTTCCATTGACGTCAATGGG -3’ 
R1 : 5’- CCCGCCGCCTCGAAGGCTCGCGC -3’ 
F2 : 5’ GCGCGAGCCTTCGAGGCGGCGGG 3’ 
R2 : 5’ CCCGGGCAAGGTCTAGCAGATCGAGTCTCG 3’ 

pFS 236 pFS 235 
mM1-
B4GALNT1(N) 
-R11/12S 

F1 : 5’- GACTTTCCATTGACGTCAATGGG -3’ 
R1 : 5’- GACCCCGCCGGCTCGAAGGCTCGC -3’ 
F2 : 5’ GCGAGCCTTCGAGCCGGCGGGGTC 3’ 
R2 : 5’ CCCGGGCAAGGTCTAGCAGATCGAGTCTCG 3’ 

pFS 237 pFS 236 
mM1-
B4GALNT1(N) 
-R11/12/13S 

F1 : 5’- GACTTTCCATTGACGTCAATGGG -3’ 
R1 : 5’- CTGGACCCGACTGCTCGAAGGC -3’ 
F2 : 5’ GCCTTCGAGCAGTCGGGGTCCAG 3’ 
R2 : 5’ CCCGGGCAAGGTCTAGCAGATCGAGTCTCG 3’ 

pFS238 pFS 237 
mM1-
B4GALNT1(N) 
-R11/12/13/14S 

F1 : 5’- GACTTTCCATTGACGTCAATGGG -3’ 
R1 : 5’- CTCTGGACCCGAACTGCTCGAAGG -3’ 
F2 : 5’ CCTTCGAGCAGTTCGGGTCCAGAG 3’ 
R2 : 5’ CCCGGGCAAGGTCTAGCAGATCGAGTCTCG 3’ 
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̤L+Ά 

 

�pcDNA3 vector:6Z��±�[ 

hM1-B4GALNT1-FLAG7΅pFS432K͉Ĳ1"/Ļų"* PCRɊȽK pcDNA3 

FLAG4 vector6 HindIII-BamHI`Pp: In-FusionĉƑ0ʚ̤?Á˯"*Ά 

hM1-B4GALNT1-FLAG*7΅pFS444K͉Ĳ1"΅PCR0͏Ņ^q�M1ɤî4

ACCGAGKƭÚ"Á˯"*Ά 

hM2-B4GALNT1-FLAG7΅pFS444K͉Ĳ1"΅PCR0ȀŁĽɔKŞÚ"Á˯"*Ά 

hM2-B4GALNT1-HA7΅pFS452Kì͕͂ʕ HindIII΅BamHI0åɇ"/ƉEH*

hM2-B4GALNT1-HA}�[��pK΅ēǹ4 HindIII΅BamHI0åɇ"* pcDNA3 

HA4 vector4ʚ?̤?Á˯"*Ά 

mM1-B4GALNT1-FLAG΅mM1-B4GALNT1-FLAG*΅mM2-B4GALNT1-FLAG7΅

pKM4΅pKM11΅pKM3K(H)Hì͕͂ʕ BamHI0åɇ"΅ƉEH*đ}�[��

pK΅ēǹ4 BamHI0åɇ"* pcDNA3 FLAG4 vector4ʚ?̤?Á˯"*ΆmM2-

Plasmid ͉Ĳ ORF Primers 

pFS 635 zpˉ cDNA 
5’-UTR-hM1-
B4GALNT1 

5’- GCTTGCCGAGGCCACTCATCG -3’ 
5’- CCCGGGTGCTCGCGTACAGG -3’ 

pFS 636 zpˉ cDNA 18S rRNA 
5’- TACCTGGTTGATCCTGCCAGTAG -3’ 
5’- TAATGATCCTTCCGCAGGTTCACC -3’ 

Plasmid ͉Ĳ ORF Primers 

pFS 444 pFS 432 
hM1-
B4GALNT1 
-FLAG 

5’- AGGGAGACCCAAGCTTCACCATGCAGGAGAGGGCGAG 
AA -3’ 
5’- CTTGTAATCGGGATCCTGGGAGGTCATGCACTGCAG -3’ 

Plasmid ͉Ĳ ORF Primers 

pFS 471 pFS 444 
hM1-
B4GALNT1 
-FLAG* 

5’- CACCACCGAGATGCAGGAGAGGGCGAGA -3’ 
5’- TGCATCTCGGTGGTGAAGCTTGGGTCTCC -3’ 

pFS 452 pFS 444 
hM2-
B4GALNT1 
-FLAG 

5’- CTTCACCATGTGGCTGGGCCGCCGG -3’ 
5’- AGCCACATGGTGAAGCTTGGGTCTCC -3’ 

Plasmid ͉Ĳ ORF 

pFS 555 pFS 452 hM2-B4GALNT1-HA 
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B4GALNT1-HA7΅pKM5Kì͕͂ʕ HindIII΅BamHI0åɇ"/ƉEH*}�[�

�pK΅ēǹ4 HindIII΅BamHI0åɇ"* pcDNA3 HA4 vector4ʚ?̤?Á˯"

*Ά 

 

�pEGFP-N1 vector:6Z��±�[ 

hM1-B4GALNT1(N)-GFP7΅pFS432K͉Ĳ1"/Ļų"* PCRɊȽK pEGFP-N1 

vector6 HindIII-BamHI`Pp: In-FusionĉƑ0ʚ̤?Á˯"*ΆƉEH*Z���

7 DNAb�\�`1 ORFß4̂ő"*��P��Kɋ�/̀éKɰ̈"*. 

Ľɔ¿7 PrimeSTAR Mutagenesis Basal KitKɋ�/Á˯"*Ά hM1-B4GALNT1(N)-

GFPĽɔ¿7΅pFS446K͉Ĳ1"΅PCR0ȴĽɔKó�Á˯"*ΆhM2-

B4GALNT1(N)-GFP7΅pFS446K͉Ĳ1"΅PCR0ȀŁĽɔKó�Á˯"*Ά 

Plasmid ͉Ĳ ORF 

pKM 6 pKM 4 mM1-B4GALNT1-FLAG 

pKM 15 pKM 11 mM1-B4GALNT1-FLAG* 

pKM 5 pKM 3 mM2-B4GALNT1-FLAG 

pFS 555 pKM 5 mM2-B4GALNT1-HA 

Plasmid ͉Ĳ ORF Primers 

pFS 446 pFS 432 
hM1-
B4GALNT1(N)-
GFP 

5’- CACCATGGCTGGCCTTGGGTACCT -3’ 
5’- GGATCCTCACTCGGCGGTCATGCACTG -3’ 

Plasmid ͉Ĳ ORF Primers 

pFS 468 pFS 446 
hM1-
B4GALNT1(N)-
GFP-R4S 

5’- CAGGAGAGCGCGAGAAGAAAGGAGGCC -3’ 
5’- TCTCGCGCTCTCCTGCATGGTGAAGCT -3’ 

pFS 469 pFS 446 
hM1-
B4GALNT1(N)-
GFP-R6S 

5’- TCCTTTCTGCTCGCCCTCTCCTGCATGG -3’ 
5’- AGGGCGAGCAGAAAGGAGGCCGGGAGA -3’ 

pFS 470 pFS 446 
hM1-
B4GALNT1(N)-
GFP-R7S 

5’- GCCGAGATCCAAGGAGGCCGGGAGACCC -3’ 
5’- CTCCTTGGATCTCGCCCTCTCCTGCAT -3’ 

pFS 460 pFS 446 
hM1-
B4GALNT1(N)-
GFP-R6/7S 

5’- GCGAGCTCCAAGGAGGCCGGGAGACCC -3’ 
5’- CTCCTTGGAGCTCGCCCTCTCCTGCATGGT -3’ 
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mM1-B4GALNT1(N)-GFP΅mM2-B4GALNT1(N)-GFP΅mM1-B4GALNT1(N)-GFP-

R11S΅mM1-B4GALNT1(N)-GFP-R11/12/13/14S7΅(H)H pKM8΅pKM7΅

pFS235΅pFS238Kì͕͂ʕ EcoRI΅SmaI0åɇ"/ƉEH*mM1-B4GALNT1(N)}

�[��pK΅ēǹ4 EcoRI΅SmaI0åɇ"* pEGFP-N1 vector4ʚ?̤?Á˯"

*Ά 

(6°6mM1-B4GALNT1(N)-GFPĽɔŞÚ��d�q7΅PrimeSTAR Mutagenesis 

Basal KitKɋ�/Á˯"*Άi�]lpͪĴKŞÚ"*��d�qK͉Ĳ1"΅PCR0

ȴĽɔKŞÚ"*ΆƉEH*Z���7 DNAb�\�`1 ORFß4̂ő"*��P�

�Kɋ�/̀éKɰ̈"*. 

pFS 611 pFS 446 
hM1-
B4GALNT1(N)-
GFP-R4/6/7S 

5’- AGGAGAGCGCGAGCTCCAAGGAGGCC -3’ 
5’- AGCTCGCGCTCTCCTGCATGGTGAAG -3’ 

pFS 453 pFS 446 
hM2-
B4GALNT1(N)-
GFP 

5’- CTTCACCATGTGGCTGGGCCGCCGG -3’ 
5’- AGCCACATGGTGAAGCTTGAGCTCGA -3’ 

Plasmid ͉Ĳ ORF 

pFS 222 pKM 8 mM1-B4GALNT1(N)-GFP 

pKM 9 pKM 7 mM2-B4GALNT1(N)-GFP 

pFS 262 pFS 235 mM1-B4GALNT1(N)-GFP-R11S 

pFS 265 pFS 238 mM1-B4GALNT1(N)-GFP-R11/12/13/14S 

Plasmid ͉Ĳ ORF Primers 

pFS 398 pFS 222 
mM1-
B4GALNT1(N)-
GFP-R8S 

5’- TACCTGAGTGAGCCTCGGAGGCGGCGG -3’ 
5’- AGGCTCACTCAGGTACCCAAGGCCAGCCA -3’ 

pFS 424 pFS 222 
mM1-
B4GALNT1(N)-
GFP-R12S 

5’- TCGGAGTAGACGGGGTCCAGAGTCCCGG -3’ 
5’- CCCCGTCTACTCCGAGGCTCGCGCAGG -3’ 

pFS 425 pFS 222 
mM1-
B4GALNT1(N)-
GFP-R13S 

5’- CGGAGGAGTCGGGGTCCAGAGTCCCGG -3’ 
5’- ACCCCGACTCCTCCGAGGCTCGCGCAG -3’ 

pFS 426 pFS 222 
mM1-
B4GALNT1(N)-
GFP-R14S 

5’- AGGCGGTCGGGTCCAGAGTCCCGGCCC -3’ 
5’- TGGACCCGACCGCCTCCGAGGCTCGCG -3’ 
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�pEGFPx2-N1 vector:6Z��±�[ 

pEGFP-N1 vectorK͉Ĳ1"΅PCR0Ļų"* EGFP}�[��p4 A±óK˧�΅

NW��d]�͞ȍȗö0ç͜�ʏ˯Ɔ΅pGEM-T Easy vector4 T/A cloning0ʚ̤L

0Á˯"*ΆƉEH*Z���7 DNAb�\�`΃Applied Biosystems 3130΅Thermo 

Fisher Scientific΄1 ORFß4̂ő"*��P��Kɋ�/̀éKɰ̈"΅pKM73

΃EGFP/pGEM-T Easy vector΄1"*Ά 

pKM73Kì͕͂ʕ KpnI΅BamHI0åɇ"/ƉEH* EGFP}�[��pK΅ēǹ4

KpnI΅BamHI0åɇ"* pEGFP-N1 vector4ʚ?̤? pEGFPx2-N1 vector1"*Ά 

mM1-B4GALNT1(N)-2GFP7΅pKM6K͉Ĳ1"/Ļų"* PCRɊȽK pEGFPx2-N1 

vector6 EcoRI-KpnI`Pp: In-FusionĉƑ0ʚ̤?Á˯"*ΆƉEH*Z���7

DNAb�\�`1 ORFß4̂ő"*��P��Kɋ�/̀éKɰ̈"*. 

 

�pENTR-D TOPO vector:6Z��±�[ 

pGEM-T easy vector΅>*7 pcDNA3 vector4Z��±�["*��d�qK͉Ĳ1

"΅PCR0ɣɠ̀éKĻų"*ΆNW��d]�͞ȍȗö0ç͜�ʏ˯Ɔ΅pENTR-D 

TOPO vector4 topo cloning0ʚ̤L+ΆƉEH*Z���7 DNAb�\�`1 ORF

ß4̂ő"*��P��Kɋ�/̀éKɰ̈"*. 

Plasmid ͉Ĳ ORF Primers 

pKM 73 
pEGFP-N1 
vector 

EGFP 
5’- ATTCTGCAGTCGACGGTACCATGGTGAGCAAGGGCGAGG 
AG -3’ 
5’- GGCGACCGGTGGATCCTTGTACAGCTCGTCCATGCCGA -3’ 

Plasmid ͉Ĳ ORF Primers 

pKM 82 pKM 6 
mM1-
B4GALNT1(N) 
-2GFP 

5’- CTCAAGCTTCGAATTCCGCCAATAGGGACTTTCCA 
TTGACG -3’ 
5’- CCCTTGCTCACCATGGTACCGGCAAGGTCTAGCAG 
ATCGAGTC -3’ 

Plasmid ͉Ĳ ORF Primers 

pKM 88 pKM 2 
mM1-
B4GALNT1 

5’- CACCATGGCTGGCCTTGGGTACCT -3’ 
5’- GGATCCTCACTCGGCGGTCATGCACTG -3’ 

pKM 89 pKM 1 
mM2-
B4GALNT1 

5’- CACCATGCGGCTAGACCGCC -3’ 
5’- GGATCCTCACTCGGCGGTCATGCACTG -3’ 
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ĽɔŞÚ��d�q6Áƛ7΅PrimeSTAR Mutagenesis Basal KitKɋ�*Άi�]l

pͪĴKŞÚ"*��d�qK͉Ĳ1"΅PCR0ȴĽɔKŞÚ"*ΆƉEH*Z���

7 DNAb�\�`1 ORFß4̂ő"*��P��Kɋ�/̀éKɰ̈"*. 

 

�CSII-CMV-RfA vector:6Z��±�[ 

pENTR-D TOPO vector4Z��±�["*��d�q1 CSII-CMV-RfA vectorKȡĒ

"΅LR clonase enzyme mix IIKȢó"/ LRĉƑ4DGʚƳ�K˧-*ΆƉEH*Z

���7ì͕͂ʕåɇK˧�΅NW��d]�͞ȍȗö0x�q`PeKɰ̈"*. 

pFS 466 pFS 444 
hM1-B4GALNT1 
-FLAG 

5’- CACCATGCAGGAGAGGGCGA -3’ 
5’- TCAGATCTTATCGTCGTCATCCTTGTAATC -3’ 

pFS 492 pFS 452 
hM2-B4GALNT1 
-FLAG 

5’- CACCATGTGGCTGGGCCGCCGGGC -3’ 
5’- TCAGATCTTATCGTCGTCATCCTTGTAATC -3’ 

pFS 558 pFS 555 
hM2-B4GALNT1 
-HA 

5’- CACCATGTGGCTGGGCCGCC -3’ 
5’- TCAAGCGTAATCTGGGACGTCGTATG -3’ 

pFS 567 pKM 6 
mM1-
B4GALNT1 
-FLAG 

5’- CACCATGGCTGGCCTTGGGTACCTGC -3’ 
5’- TCAGATCTTATCGTCGTCATCCTTGTAATC -3’ 

pFS 569 pFS 557 
mM2-
B4GALNT1 
-HA 

5’- CACCATGCGGCTAGACCGCC -3’ 
5’- TCAAGCGTAATCTGGGACGTCGTATG -3’ 

Plasmid ͉Ĳ ORF Primers 

pFS 526 pFS 466 
hM1-B4GALNT1 
-FLAG-R4/6/7S 

5’- AGGAGAGCGCGAGCTCCAAGGAGGCC -3’ 
5’- AGCTCGCGCTCTCCTGCATGGTGAAG -3’ 

pFS 575 pFS 567 

mM1-
B4GALNT1 
-FLAG-R11/12/ 
13/14S 

5’- CTTCGAGTAGCTCGGGTCCAGAGTCCCGGCCC -3’ 
5’- CCGAGCTACTCGAAGGCTCGCGCAGGTACCC -3’ 

ORF pENTR-D TOPO CSII-CMV-RfA 

mM1-B4GALNT1 pKM 88 pKM 90 

mM2-B4GALNT1 pKM 89 pKM 91 

hM1-B4GALNT1-FLAG pFS 466 pFS 473 

hM1-B4GALNT1-FLAG-R4/6/7S pFS 526 pFS 527 

hM2-B4GALNT1-FLAG pFS 492 pFS 493 

hM2-B4GALNT1-HA pFS 558 pFS 563 

mM1-B4GALNT1-FLAG pFS 567 pFS 571 
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Semi-quantitative reverse transcription PCR (RT-PCR) 

zpˉ΅�Qdʚʬ΃ˉ΅ʻ˔΄6 total RNA7Û/ TAKARADF̗Ú"*Ά̪̞áĉ

Ƒ7 First-Strand cDNA Synthesis kit for RT-PCR (AMV; Roche Diagnostics; Basel, 

Switzerland)Kɋ�*Άtotal RNA 2.5 µgç΅10x reaction buffer 5 µl΅25 mM MgCl2 10 

µl΅Deoxynucleotide Mix 5 µl΅RNase free waterKó�Û͇0 43.2 µl4̌Ǆ"*Άƻ

Ʀ"*Ɔ΅65�0 5ç͐P�X���p"/ RNA6ĽƒK˧-*ΆRNase Inhibitor 1 µl

1 AMV Reverse Transcriptase 0.8 µlKó� 3̈́7�10ç 4̈́2�60ç0̪̞áĉƑ"*Ɔ΅

95�5 ç͐6͂ʕŁșĉƑK˧-*ΆƉEH*ȬȟK cDNA Ȭȟ1"/ɋ�*ΆRT-PCR

7 KOD FX polymerase (TOYOBO)1 LifeECO(ǍǟcRunOZd)KÂɋ"΅ǻȫɠ3

KOD FX��p^�4Ȣ-/˧-*Ά��P��7³�KÂɋ"*Ά 

�B4GN1 all variants 

5’-GCTGGCAGTGCAAACCCTAGC-3’ 

5’-GTGAAAGCAGCCTCATGTCCCT-3’ 

�B4GN1 variant 2 

5’-ATGCAGGAGAGGGCGAGAAGA-3’ 

5’-GGCTGAACTTCCACACCCTGTAGG-3’ 

�mB4GN1 all variants 

5’-CTAGTCTTGCTGCTCGCCTG-3’ 

5’-GCCACGTCCCAGGTGCCTAG-3’ 

�mB4GN1 variant 2 

5’- CTCACGTTCTCTGAGAGCCTGG-3’ 

5’- GCCACGTCCCAGGTGCCTAG-3’. 

PCR 7(H)H 50 ng6 cDNAK͉Ĳ1"΅94�2 ç6Ɔ΅98�10 ɷ4ʡ� 68�40 ɷ

mM1-B4GALNT1-FLAG-R11/12/13/14S pFS 575 pFS 577 

mM2-B4GALNT1-HA pFS 569 pFS 573 
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K 34 `PZ�0˧-*ΆĻųɊȽ6x�q`Pe7 hB4GN1 all variants΃599 bp΄΅ 

hB4GN1 variant2΃698 bp΄̈́  mB4GN1 all variants΃539 bp΄̈́ mB4GN1 variant2΃618 

bp΄0Ƕæ!H*Ά 

Real-time PCR 

zpʚʬ΃ˉ΅îʁˏ΅ͻǱʆ΄6 total RNA 7Û/ TAKARA DF̗Ú"*Ά293T ʘ

˂΅�D9 HAP1 ʘ˂6 total RNA 7³�6ǉȕ0Ƥæ"*Ά35 mm dish 4ƺɻ"΅

90%confluency>0ĵͶ"*ʘ˂K Saline0ȘȜ"΅1 ml6 Sepasol�R -RNA I Super G

Kó�/ʘ˂KȬ˼!&΅1.5 ml k��~4ĩĊ"*Ά��nlZd�X`�0ƻƦƆ΅

œȧ0 5ç͐͢ʮ"*Ά200 µl6Z�����Kó�/̞ÌȡĞ"΅œȧ0 3ç͐͢ʮ"

*Ά4� 1̈́2,000 x g΅15ç͐6̹Ǝ4DFɥç͜K˧-*Ά×Ŧ6ȎŦKëk��~4ɹ

" 5̈́00 µl6 2-��yv��Kó�/ƻƦ" œ̈́ȧ0 10ç͐͢ʮ"*Ά4� 1̈́2,000 x g΅

10 ç͐6̹Ǝ4DF RNA KǦæ!&*Ά×ȣK͖Ą"΅1 ml 6 75%Siv��Kó�

/ƻƦ"΅4�΅12,000 x g΅5ç͐6̹ƎƆ×ȣK͖Ą"Ͳ£!&*ΆRNase free water

Kó�/ total RNAȬȟ1"΅NanoDrop 2000΃Thermo Scientific΄Kɋ�/ 260 nm6

ė×ŹKȨő$G�14DFȰŹKʇæ"*Ά̪̞áĉƑ7 ReverTra Ace qPCR RT 

Master Mix with gDNA Remover΃Toyobo΄Kɋ�*Άtotal RNA 2.5 µgçK RNase free 

water 0ů̈́"΅30 µl 4"*Ɔ΅65�0 5 ç͐P�X���p"/ RNA 6ĽƒK˧-

*Ά4x DN Master MixK 10 µló�/̟�ƻƦ"*Ɔ΅37�0 5ç͐P�X���p"

]v� DNA6͖ĄK˧-*Άȏ×0 5x RT Master Mix IIK 10 µló�΅37�15ç͐6

̪̞áĉƑƆ΅98�5ç͐6͂ʕŁșĉƑK˧-*ΆƉEH*ȬȟK cDNAȬȟ1"/ɋ

�*ΆReal-time PCR 7 2×TaqMan Universal Master Mix II (Applied Biosystems)1

Step One Plus real-time PCR system (Applied Biosystems)KÂɋ"΅ǻȫɠ3 TaqMan 

PCR��p^�4DF˧-*Ά��P������~7³�KÂɋ"*Ά 

�hB4GN1 all variant : Hs00155195_m1΃Applied Biosystems΄ 

�hB4GN1 variant2 : ΃IDT΄ 

probe 



 
 

76 

5’-TCGGGTGTGTGAGGAAACCGAGATG-3’ 

primers 

5’-CATCCAAATGTCTTCAGCATTAAGAT-3’ 

5’-TCTCCCGGCCTCCTTTCTTCT-3’ 

�18S rRNA : Hs.PT.39a.22214856.g΃IDT΄ 

Ƕ͇ʧ7 pFS466 (hB4GN1 all variant, pFS635 (hB4GN1 variant2), pFS636 (18S rRNA)

0Á˯"΅đ`���6^|�ǃKʇæ"*Ά 

ʘ˂ĵͶȕ 

CHO-K1ʘ˂ΐHam's F-12 

293Tʘ˂ΐhigh-glucose DMEM 

HAP1ʘ˂ΐlow-glucose IMDM 

×́6ĵİ4ǘʙȰŹ 10%΃v/v΄FBS΅100 U/mL penicillin΅100 µg/ mL streptomycin

0Ȣó"Ķǟĵİ1"*Ά5% CO2΅37�Ǣµ�4��/Ķǟĵİ0ĵͶ"*Ά 

LipofectamineTM 20004DG̼¸ňŞÚ΃�̶ƒɝɅǮ6Á˯΄ 

35 mm dish4 CHO-K1ʘ˂Kƺɻ" 70%confluency>0ĵͶƆ �̶̈́ƒɝɅɋ��d�

q 2 µg1 LipofectamineTM 2000 reagent 10 µlKÂɋ"΅ǻȫɠ3��p^�4Ȣ-/

˧-*Ά 

��kQP�ďǄȕ 

ʄ 1ʂʄ 4ʉ6���kQP�ďǄȕ�1ēǹ4˧-*Ά 

��kQP�dƗǪ4DG̼¸ňŞÚ΃ōőɝɅǮ6Á˯΄ 

60 mm dish4 CHO-K1ʘ˂Kƺɻ" 10-20%confluency>0ĵͶƆ Ḧ́AM/D-MEM΃10%

΃v/v F́BS΅100 U/mL penicillin΅100 µg/ mL streptomycin 4́ĵİ«ƳK˧�Ά37�΅

5%CO20 24Ǔ͐ĵͶƆ ĵ̈́İK͖Ą"��kQP�dȬȟ 4 mlKȢó"*Ά32� 5̈́%CO2

0 24Ǔ͐ĵͶƆ΅Ham’s F12Ķǟĵİ4«Ƴ" 37�΅5%CO20ĵͶ"*ΆĶǟĵİ0 1
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̰͐ĵͶ"*ʘ˂KōőɝɅǮ1"΅CELLBANKER 14ƚȯ"/-80�0ÈŊ"*Ά 

SDS-PAGEɋ˒ɐç̆ǆ6̌Ǆȕ 

ʄ 1ʂʄ 4ʉ6�SDS-PAGEɋ˒ɐç̆ǆ6̌Ǆȕ�1ēǹ4˧-*Ά 

SDS-PAGE 

ʄ 1ʂʄ 4ʉ6�SDS-PAGE�1ēǹ4˧-*Ά 

QSdi�~�lnO�[ 

ʄ 1ʂʄ 4ʉ6�QSdi�~�lnO�[�1ēǹ4˧-*Ά 

3�΅�ȁơ¿6�,ơ B4GALNT1 ơ¿ ΃9535_Ex_ProteinA΄7 Can Get Signal 

Immunoreaction Enhancer Solution 10 1:10004ů̈́"/ɋ�*Ά 

͐ư˥×ơ¿ȕ4DGʘ˂ßŢį6˺Ś 

ʄ 1ʂʄ 4ʉ6�͐ư˥×ơ¿ȕ4DGʘ˂ßŢį6˺Ś�1ēǹ4˧-*Ά 

ˆ̖Ƥæȕ 

ʄ 1ʂʄ 4ʉ6�ˆ̖Ƥæȕ�6ĵͶʘ˂�E6Ƥæ1ēǹ4˧-*Ά 

ˆ̖˼Ǧȕ 

ʄ 1ʂʄ 4ʉ6�ˆ̖˼Ǧȕ�1ēǹ4˧-*Ά 

Cycloheximide chase 

CHO-K1ōőɝɅǮ΃hM1-B4GN1-FLAG΅hM1-B4GN1-FLAG R4S/R6S/R7SĽɔ¿΅

hM2-B4GN1-FLAG΅hM1-B4GN1-FLAG1 hM2-B4GN1-HA6ÝɝɅ΄K Ham's F-12

Ķǟĵİ4 50 µg/mL0 cycloheximideKȢó"΅37�0 5Ǔ͐åɇK˧-*Ά^�p�

��1"/ cycloheximideȵȢóB˧-*Άî̧4ƈ� S̈́DS-PAGE1QSdi�~�l

nO�[K˧-*Ά 
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5’-RACE 

SMARTer RACE 5’/3’ Kit1�Qdˉ6 total RNAKÂɋ"΅ǻȫɠ3 SMARTer RACE 

5’/3’ Kit��p^�K�̿Ľǖ"/˧-*Ά 

5x First strand buffer 4 µl΅100 mM DTT 0.5 µl΅20 mM dNTPs 1 µlKȡĒƆ΅40 U/µl 

RNase inhibitor 0.5 µl΅100U SMART Scribe Reverse Transcriptase 2 µlKȢó"΅�

di��lZd1"*Άtotal RNA 1 µgç1 5’-CDS Primer A 1 µl4 Sterile H2OKó�

/ 11 µl1"΅ƻƦƆ΅72�0 3ç͐΅42�0 2ç͐P�X���pK˧� RNA6Ľƒ

K˧-*ΆŲȧ0͢ʮ"/* total RNA΅×́0̌Ǆ"*�di��lZd΅SMARTerII 

A Oligonucleotide 1µl KȡĒ"΅42�0 90 ç̪̞͐áĉƑK˧-*Ɔ΅70�0 10 ç͐

6͂ʕŁșåɇK"*Ά4�0âĂƆ4Tricine-EDTA buffer 10 µlKó�/5’-RACE ready 

cDNAȬȟ1"*Ά 

� primary PCR71.25 µl65’-RACE ready cDNAK͉Ĳ1"΅KOD-FX Neo polymerase

Kɋ�/ 25 µl6ʑ0ĻųK˧-*Ά94�2ç6Ɔ 9̈́8�10ɷ4ʡ� 68�1ç 30ɷK 45

`PZ�0˧-*Ά 

�primary PCRɋ��P��̀é 

10x UPM 

� 5’-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3’ 

5’GSP 

� 5’-GATTACGCCAAGCTTTAGCCGCATCCTGATATGGGGGAGGGTG-3’ 

ĻųɊȽK Sterile H2O 0 50 Ë4ů̈́"*ß6 2.5 µl K͉Ĳ1"΅KOD-FX Neo 

polymeraseKɋ�/ 25 µl6ʑ0 secondary PCRK˧-*ΆĻų7 94�2ç6Ɔ΅98�

10ɷ΅52�30ɷ΅68�1ç 30ɷK 35`PZ�0˧-*Ά 

�secondary PCRɋ��P��̀é 

UPM-short : 5’-CTAATACGACTCACTATAGGGC-3’ 

5’GSP-short : 5’-GATTACGCCAAGCTTTAGCC-3’ 

1000 bp 4Ƕæ!H*x�qKèFæ"΅MagExtractor-PCR&Gel Clean up kit 0ʏ˯
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"΅10 µl0Ƥæ"΅RACE products1"*Ά 

RACE products 5 µl΅50 ng/µl linearized pRACE vector 1µl΅In-Fusion HD Master Mix 

2µl4 Sterile H2OKó�/ 10 µl1"΅ƻƦƆ΅50�0 15ç͐P�X���p"/oO

�Zb�r�Z��±�[K˧-*Ά�6�, 2.5 µlKɋ�/ Stellar Competent Cell 50 

µl KƁ̖̞Ƴ"*ΆƉEH*Z���7 DNA b�\�`΃Applied Biosystems 3130΅

Thermo Fisher Scientific 1́ɋ�/M13F��P��: 5’-GTTTTCCCAGTCACGACGTT-

3’΅M13R��P��: 5’-GGAAACAGCTATGACCATGA-3’0̀éKȑő"*. 

ˉ1ʻ˔6�Z�g��ɐç̌Ǆȕ 

�Qd΃B4galnt1+/+ B̈́4galnt1-/- Ḱ΀́�0͏ˎè͏" S̈́aline0ȱțåɇK˧-*Ά

ˉ�D9ʻ˔ʚʬ7ʘ��íL+Ɔ΅n}����crPa�Kɋ�/ 1x cOmpleteKĖ

@ 0.25MdZ��d 0��crPe΃10dp��Z΄"*Ά4�΅1000 x g0 10ç͐

6̹ƎK˧�ǯ΅ʘ˂ȆȦKȒȉ!&*Ɔ΅×ȣK 4� 8̈́000 x g0 10ç̹͐Ǝ"/�p

^�q�NKȒȉ!&*Ά×ȣK 4� 1̈́00000 g0 60ç̹͐Ǝ"΅ƉEH*ȒȉȽK�

Z�g��ɐç1"*Ά�Z�g��ɐç4 IP bufferKó�ƚȯ"*Ά 

ØɖȒ͔ 

×́6ǉȕ0̌Ǆ"*�Z�g��ɐç΅�D9 SDS-PAGE ɋ˒ɐç̌Ǆȕ1ēǹ6ǉ

ȕ0̌Ǆ" IP buffer4ƚȯ"*˒ɐç΃integral membrane protein fraction΄4 Protein 

A/G plus-agaroseKó�΅4�0 30ç͐��n�i�Kɋ�/̞ÌȡĞ"*Ά4�΅2300 

x g0 3ç͐6̹ƎƆ4×ȣKĩĊ" ơ̈́B4GALNT1ơ¿ (9535_Ex_ProteinA)1Protein 

A/G plus-agarose Kó�΅àŹ 4�0 60 ç͐��n�i�Kɋ�/̞ÌȡĞ"*Ά4�΅

2300 x g 0 3 ç͐6̹Ǝ"/ agarose beads KȒȉ!&΅×ȣK͖Ą"*ΆȒȉ!&*

agarose beads4 washing bufferKó�΅4�΅2300 x g0 3ç͐6̹Ǝ0ȘȜK˧-*

΃5 ĩ Ά́5%0 βMe KȢó"* 2x SB Kó�΅100�0 5 ç͐óȺĽƒåɇK"*Ɔ΅

PNGase FKȢó"/ 37�0 1Ǔ͐ʐ͌èǇåɇK˧-*ΆƉEH*̆ǆ7î̧6ǉȕ4

ƈ�΅ơ B4GALNT1ơ¿(ab135902)1 Rabbit IgG TrueBlotKɋ�/QSdi�~�l
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nO�[4DFǶæ"*Ά 
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C

B
Mouse B4GALNT1 (GM2/GD2/GA2 synthase)
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Figure 15D ;9.<680B4GALNT1� mRNA variantAvariant 2B0�#�
�.��%0!


(A) ;9B4GALNT10$�	�#.mRNA variantsDvariant 20accession numberELC273521 
(B) <68B4GALNT10$�	�#.mRNA variantsDvariant 20accession numberELC273292  
EexonsC E� exonC EintronsCM1CM2E&�7:?

(C) ;9���)32<68��A�C��BB4GALNT10mRNA variant 2��%0�"ART-PCRBDvariant 2�
�%1B4GALNT1 �mRNA%5100%.+-��+,D
(D) ;9��)32��A�C���C'��C293T��CHAP1��B/)*4B4GALNT10mRNA��%0
�"ARial-time PCRBD���7?9>@=/118S rRNA5�(,D
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��B4GALNT1 (GM2/GD2/GA2 synthase)

Exon 1a

Exon 1b

Exon 1c

Exon 2

Figure 16� ��B4GALNT1�������
: exons� : introns� 
 �start positions of EST clones� 
���������
��EST clones��

M1�M2�	����

EST����
DC400781
DC302562
DC309080
DC341828
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Exon 
1

Exon 2

���B4GALNT1 (GM2/GD2/GA2 synthase)

EST��! 
CX235693
BY196610
BY196611
BI650857
BY280578
BY266955
BY337913
BY23532
BI082438
BY184563
BY206404
BY635840
BY230432
BY749927
BY178975
BQ921141
BY075127
BY161187
BB604605
BQ930267
BY176621
BY087925
BY017438
BI557254
BP842650

Figure 17# ���B4GALNT1����	�#
: exons" : introns" 
 $start positions of EST clones" 
����$�
�����EST clone��"

�$5’-RACE analysis��������! ��"M1"M2$���� 
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human   1 MQERARRKEAGRPWGLGSEGRGTGKTAAGS
mouse 

human  31 ANPSAMCGVESALGSRQEPLRTRGPRAPSL
mouse   1          MAGLGYLREPRRRRGP--ESR

human  61 ALPSSLPFSLPTLPPPRMWLGRR
mouse  20 PSRSLRAWSPLTLPHIRMRLDRR

M1

M1

TM

M2

Figure 18, '$�(!#�B4GALNT1����
����N	� )&������
-�� )&�
�+ -�� )&�
�+ M1+M2, M3: ��"%*+TM-�����

��-R-based motif
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ks-hM1-B4GALNT1-FLAG   CACCAUGC----TAGGAUGT---
ks-hM2-B4GALNT1-FLAG               CACCAUGT---
hM1-B4GALNT1-FLAG*     CGAGAUGC----TAGGAUGT---

ks-mM1-B4GALNT1-FLAG   CACCAUGG----CAGGAUGC---
ks-mM2-B4GALNT1-FLAG               CACCAUGC---
mM1-B4GALNT1-FLAG*     GGAGAUGG----CAGGAUGC---

M1 M2
A

57

kDa

ks-hM1-B4GALNT1-FLAG

ks-hM2-B4GALNT1-FLAG

-

B

ks-hM1-B4GALNT1-FLAG

hM1-B4GALNT1-FLAG*

-

70

kDa

57
ks-mM1-B4GALNT1-FLAG

ks-mM2-B4GALNT1-FLAG

- - ks-mM1-B4GALNT1-FLAG

mM1-B4GALNT1-FLAG*

C

70

Figure 19h WS-@>[GNB4GALNT1<`dJdNJ^UcKMNR];@B%���<"�

(A) `dJdNJ^UcKMNR];@B%�����<�$<6?�!26Z_N\T<)�LTc
'<
�(
�D�4h�7<Z_N\T=C��;FLAGPKD��26hkozak(�eksf=CACC92gks�2=B4GALNT1
mRNA��<(�D��2g*FLAG*+8#&26h
(B) ks-hM1-B4GALNT1-FLAGgks-hM2-B4GALNT1-FLAGghM1-B4GALNT1-FLAG*<GHNPcYbQS"� �h
ks<��;@A5M1�.A=McKaVcT/��1C609.Ag`dJdNJ^UcK;@BM2�<EFOXId
]��=�3:,09/�1C6h
(C) ks-mM1-B4GALNT1-FLAGgks-mM2-B4GALNT1-FLAGgmM1-B4GALNT1-FLAG*<GHNPcYbQS"� 
�hks<��;@A5M1�.A=McKaVcT/��1C609.AgWS9	�`dJdNJ^UcK;@BM2�
<EFOXId]��=�3:,09/�1C6h
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hM1-B4GALNT1(N)-GFP

A

TM GFPR
M1 M2

hM2-B4GALNT1(N)-GFP

TM GFP

mM1-B4GALNT1(N)-GFP TM GFPR
M1 M2

TM GFP

mM2-B4GALNT1(N)-GFP

B

mM1-B4GALNT1(N)-GFP

- mM2-B4GALNT1(N)-GFP

kDa

36.5
28

36.5
28

kDa

hM1-B4GALNT1(N)-GFP

- hM2-B4GALNT1(N)-GFP

4343

* * * *

Figure 20X R-based motif8<=M1-B4GALNT1(N)-GFP9DRF�-���-'!%&EBLR9"
�(1)

(A) '!%&EBLR9"�8�/3GFP �B4GALNT1HTMA$���OQGPK9��
X hM1-
B4GALNT1WhM2-B4GALNT1WmM1-B4GALNT1WmM2-B4GALNT19�#(.�UTMV>	;��$.�N
��+�7GFP> �02WhM1-B4GALNT1(N)-GFPWhM2-B4GALNT1(N)-GFPWmM1-B4GALNT1(N)-GFPW
mM2-B4GALNT1(N)-GFP713X TMY�#(.�WM1WM2Y,�CKTWRYArginine (R)-based motifX
(B) CHO-K1��8�)�8��02W�GFP��6?@GHTNSIJ"�>!43X"�:pcDNA3 vector (-)W
hM1-B4GALNT1(N)-GFPWhM2-B4GALNT1(N)-GFPWmM1-B4GALNT1(N)-GFPWmM2-B4GALNT1(N)-GFP>*
�
��15!43X*Y�"��
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mM1-B4GALNT1(N)-
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R11/12/13/14S

ER ER Golgi
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Figure 21H R-based motif145M1-B4GALNT1(N)-GFP2:D<�-���&"� !;9@D2�
�(2)

CHO-K1��1�#�1��(*G�GFP��0&������7�'��	��7��)-H��3
pcDNA3 vector (-)G hM1-B4GALNT1(N)-GFPGhM2-B4GALNT1(N)-GFPGmM1-B4GALNT1(N)-GFPGmM2-
B4GALNT1(N)-GFP7$����)/�.-H
(A) B?B4GALNT1(N)-GFPG(B) C8=B4GALNT1(N)-GFP2��	��7+6,6
%)-H��A>FE33

��2
%7�.-HBar: 10 μm.

10 µm 10 µm



 
 

88 

 

R6/7S MergeGM130

MergeKDELWT

ER

Golgi/ER
R6/7S MergeGM130

Golgi

R6/7S MergeKDEL

Golgi/ER

R4S MergeGM130

Golgi

R4S MergeKDEL

Golgi/ER
R4S MergeGM130

Golgi/ER

R6S MergeKDEL

Golgi/ER
R6S MergeGM130

Golgi/ER
R6S MergeGM130

Golgi

R7S MergeKDEL

Golgi/ER
R7S MergeGM130

Golgi/ER
R7S MergeGM130

Golgi

R4/6/7S MergeGM130

Golgi

MergeGM130WT

Figure 225 R-based motif%'(M1-B4GALNT1(N)-GFP&+1-�-	�������,*/1&��(3)

CHO-K1��%���%0.B4GALNT1(N)-GFP2WT4���3)�� "4�GFP��$�
�����)����
�
�)��!#5Bar: 10 μm.

10 µm

hM1-B4GALNT1(N)-GFP
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WT MergeGM130

hM2-B4GALNT1(N)-GFP

Golgi

Golgi

KDELWT Merge

WT MergeGM130

Golgi/ER

KDELWT Merge

Golgi/ER

Figure 231R-based motif#%&M1-B4GALNT1(N)-GFP$)/+�-��������*(-/$�
(4)

CHO-K1��#��
#.,M2-B4GALNT1(N)-GFP'��� 0�GFP��"�������'�����	�'�
��!1Bar: 10 μm.

10 µm
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WT MergeKDEL MergeGM130WT
mM1-B4GALNT1(N)-GFP

R8S

mM2-B4GALNT1(N)-GFP

MergeKDEL

R11S MergeKDEL

ER

Golgi/ER

ER Golgi

R11S MergeGM130

Golgi/ER

R11S MergeGM130

Golgi

R12S MergeKDEL

R12S MergeGM130
Golgi/ER

Golgi/ER
R12S MergeGM130

Golgi

R13S MergeKDEL

R13S MergeGM130

R11/12/13/14S MergeGM130

Golgi

Golgi/ER

Golgi/ER

R13S MergeGM130

Golgi

R14S MergeKDEL

Golgi/ER
R14S MergeGM130

Golgi/ER
R14S MergeGM130

Golgi

10 µm

Figure 247R-based motif%'(M1-B4GALNT1(N)-GFP&,3.�-	�������-+13&��(5)

CHO-K1��%���2*/0B4GALNT1(N)-GFP4WT6���5)�� "6�GFP��$�
�����)��
���
�)��!#7Bar: 10 μm.
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Figure 25H R-based motif145�&M1-B4GALNT1G�&M2-B4GALNT12;C=�-���'#
�!"<:AC2 �(1)

CHO-K1��1����)+G�FLAG��
3�HA��0'������7�(��	��7��*.H
 �3(A) hM1-B4GALNT1-FLAGGhM1-B4GALNT1-FLAG-R4/6/7SGhM2-B4GALNT1-HAG(B) mM1-
B4GALNT1-FLAGGmM2-B4GALNT1-FLAG-R11/12/13/14S-FLAGGmM2-B4GALNT1-HA7DE@98C>0$�

��*G��	��7,6-6�%*.H��B?FE33���2�%7�/.HBar: 10 μm.

10 µm

10 µm
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hM2-HA MergeGM130

A

hM1-FLAG MergeKDEL

hM1-FLAG MergeGM130

hM1-FLAG R4/6/7S MergeGM130

mM1-FLAG MergeGM130

mM1-FLAG MergeKDEL

mM2-HA GM130 Merge

B

mM1-FLAG
R11/12/13/14S

MergeGM130

hM2-FLAG MergeKDEL

CHO-K1/hM1-B4GALNT1-FLAG

CHO-K1/hM2-B4GALNT1-HA

CHO-K1/hM2-B4GALNT1-FLAG

hM2-FLAG MergeGM130

hM2-HA MergeKDEL
CHO-K1/mM2-B4GALNT1-HA

CHO-K1/mM1-B4GALNT1-HA

Figure 26@R-based motif,/0�"M1-B4GALNT1?�"M2-B4GALNT1-6<8�-���# ��
�75;<-��(2)

CHO-K1��,����%'?�FLAG���.�HA��+#������2�$����	2�
&*@��.
(A) hM1-B4GALNT1-FLAG?hM1-B4GALNT1-FLAG-R4/6/7S?hM2-B4GALNT1-HA?hM2-B4GALNT1-FLAG?(B) mM1-
B4GALNT1-FLAG?mM2-B4GALNT1-FLAG-R11/12/13/14S-FLAG?mM2-B4GALNT1-HA2=>:43<9+!�
��
&?����	2(1)1�
&*@Bar: 10 μm.

10 µm
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mM1-B4GALNT1 MergeKDEL

mM1-B4GALNT1 MergeGM130

mM2-B4GALNT1 MergeKDEL

mM2-B4GALNT1 MergeGM130

anti-B4GALNT1 Ab
(9535Ex_ProteinG)

Figure 27& ��M1-B4GALNT1%��M2-B4GALNT1!���
�!�	

CHO-K1�� $#����mM1-B4GALNT1�mM2-B4GALNT1"������%�B4GALNT1������
���
"�����
�"�	��&Bar: 10 μm.

10 µm
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hB4GALNT1-
FLAG

M1 M2
b-actin
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- M1 M2
- M1 M2

GM3
GM2

GlcCer
LacCer

Gb3
Gb4

Acidic fraction Neutral fraction

hB4GALNT1-
FLAG hB4GALNT1

-FLAG

B

GD1a

Figure 28XM1-B4GALNT1:M2-B4GALNT1;,/C In vivo(���<�'

CHO-K1�!;RTMHGQKE�+8M1-B4GALNT1-FLAG(M1)?6=M2-B4GALNT1-FLAG (M2) E�
��0
36X(-)Yno transfectionE�2X
(A) �!-B#��Uintegral membrane protein fractions VW��Utotal cell lysates VE��1W#��=
PNGase F9�*����E$76XHIKLTPSNOFTJE$+W4D5D�FLAG��W�actin��9��
16X
(B) )��"&,A>���"&< �E�'16XM1-B4GALNT1=M2-B4GALNT1:
�;GM2	��
�.%@BD6X
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Figure 29lhM1-B4GALNT1khM2-B4GALNT1 ]Vch?./	��I6-���J�<R�:

CHO-K1./Jeg^WVd[T(;GhM1-B4GALNT1-FLAG(hM1-FLAG)khM2-B4GALNT1-HA (hM2-HA) TC
SDS�%kNEL�+&@BEl
(A) ./>P0)�iintegral membrane protein fractions jT��Ak5��#��Qk$AKSBH
'�k
PNGase FH,8
�
'T2FElWX[\gbf_`UgZT2;kCSDS�FLAG��k�HA��H �A
El
(B) hM1-B4GALNT1-FLAG(hM1-FLAG)khM2-B4GALNT1-HA (hM2-HA) T�+&@BECHO-K1./T�FLAG

��k=OM�HA��H9�1��*"T2;./	��T3�AElBar: 10 μm.

(CkD) CHO-K1/hM1-B4GALNT1-FLAGkCHO-K1/hM2-B4GALNT1-HAkCHO-K1/hM1-B4GALNT1-FLAG/hM2-

B4GALNT1-HAT50 μg/mL cycloheximide (CHX)#��Qk$AH37℃H5 h
'AkWX[\gbf_`UgZT2
;\gaY47TCSDS�7AEl�!J3���K�7T2FEl

10 µm
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hM1-FLAG MergeGM130

CHO-K1/hM1-B4GALNT1-FLAG, 
hM2-B4GALNT1-HA
hM1-FLAG MergeKDEL
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Figure 305hM1-B4GALNT14hM2-B4GALNT1%�����	
���
CHO-K1��$12.+*0,)��"hM1-B4GALNT1-FLAG(hM1-FLAG)4hM2-B4GALNT1-HA 
(hM2-HA) )����� 5

(A4B) hM1-B4GALNT1-FLAG(hM1-FLAG)4hM2-B4GALNT1-HA (hM2-HA) )����� CHO-K1��)

FLAG
�4�('
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Figure 32MC/9��J��L�K-��%��	B4GALNT1*����J/09;H@G<=.H4K
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ʄΉʂ ş˂¿Ʒæb[r�̀é΃R/K-based motif΄�M3-ST3GAL56_�c
¿ʫɒǿǸ4��GƂͦ 

ʄ·ʉ Ÿ̍ 

� GM3Ēƛ͂ʕ΃a-2,3-sialyltransferaseΐST3GAL5΅ST3GAL5΄7΅W�[�Ubq

6 0ǘê4ɉĒƛ!HG GM3 KĒƛ$G͂ʕ0�F΅W�[�Ubq}M���ɝɅ

6ƅ̭͂ʕ0�GΆ®Ǎ>0΅�Qd ST3GAL54��G̞á͏Ņİȴ6ɔ3G 3ɻͰ6

mRNAx�N�p΃a-΅b-΅c-type΄6̞áìƊǿǸ΅(HE�EĒƛ!HG 3ɻͰ6N

Pg}T��΃M1-΅M2-΅M3-ST3GAL5΄6ɊɉǿǸ΅ʘ˂ßŢį΅ȋșƒ΅ßˌÑ6

ʐ͌É͵� GM3Ēƛșƒ:ć=$Ƃͦ32�˼Ǧ!H/�GΆ 

� ş˂¿7˒i�yZ̖CçȔʑi�yZ̖6Ēƛ6ĸ0�GΆʳ̃ɤƆ6ǝȹ3˒i�

yZ̖7΅N ʜĒĲʐ͌΃wP��v�dĲ΄6±ó΅cd�}OqʜĒ6Ɓƛ32Kʛ

/΅ǿ˅ɠ3ͽȁǸ̮4ȃ"�}T��oO�[!H*Ɔ4ş˂¿6ɽ˟ƷæͪĴ΃ER 

exit sitesΐERES΄�E COP�ş˂΃coat protein complex II΄4DFƷæ!HGΆW�

[�UbqĒƛ͂ʕ326�Ĳ˒i�yZ̖7 [̈́R/K](X)[R/K]̀é1 small GTPase΃Sar1΄

�ɥ§Áɋ"΅COP�ş˂4ɽ?̤>HG�10_�c¿:ş˂̡̩!HG�1�ɱĢ!

H/�G[39]ΆCOP�ş˂7 Sar1 C̈́OP�˫˳i�yZ̖0�G Sec23 S̈́ec24 S̈́ec13΅

Sec31�EǸƛ!HGΆCOP�ş˂4ɽ?̤>HGɽ˟i�yZ̖7ş˂¿Ʒæb[r�

1"/ǿ˅$GĹĶƒN�v̓4ř@[R/K](X)[R/K]̀éKB,΅�6̀é� Sar1 1ɥ§

Áɋ$GΆSar147 3.6ʜĒ�\lp΃site-A -̈́B -̈́C΄�Ŋį" [̈́R/K](X)[R/K]̀é

7 site A6 198ɓɣ6Ndy�Y�̓΃198D΄1ʜĒ$G[39]Ά"�"΅�6Ƕ̀7˒̔

̬ͪĴ΃TM ḰĖ@ NǞʃ̀é4 GFPK±ó"*X��i�yZ̖K�̶ƒ4ɝɅ!&

GŒͺʑ0˧JH/�F Û͎̈́6ʐ̞ɹ͂ʕ0[R/K](X)[R/K]̀é�ş˂¿�E6Ʒæb[

r�1"/ǿ˅$G�ǝǶ̀0�GΆGFP7ʘ˂Cɉ¿ 6Ⱦő6i�yZ̖K˺Ś$G

*A6ſò3m��0�G�΅(6�ǉ G̈́FPX��i�yZ̖K�̶ƒ4̶ðɝɅ!&

*Œͺʑ4��/΅"8"8Û͎i�yZ̖KōőɝɅ!&*Œͺʑ1ɔ3GƫöKɱ$

1��Ĥͭȴ�ƫ�EH/�G[64-66]Ά"*�-/΅i�yZ̖6ʘ˂ßöƘKȃɰ4ɇ
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˼$G*A47 G̈́FPX��i�yZ̖6öƘ+�03�΅Û͎KōőɝɅ!&*i�y

Z̖4DG˼Ǧ�ͅ˲0�GΆ 

� ST3GAL5 �̈́D9 B4GALNT16ʘ˂̖ͪĴ6˒̬̔ͪĴ̥Ò47 ş̈́˂¿�EƷæǿ

Ǹ4Ə˲3[R/K](X)[R/K]̀é�Ŋį$GΆǟʂ07 S̈́T3GAL5 B̈́4GALNT16̡̩ìƊ

ǿǸ6˼ǑKɣɠ1"΅�6̀é�Û͎M3-ST3GAL5΅�D9Û͎M2-B4GALNT16ʘ

˂ßö¿4ć=$ƂͦKʏǭ"*Ά(6ʜǧ [̈́R/K](X)[R/K]̀éDFB~��q3N�v

̓̀é΃R/K-based motif΄� ST3GAL51 B4GALNT16ş˂¿Ʒæ4͑�$G�1KǑ

E�4"*Ά!E4΅M3-ST3GAL56 R/K-based motif6̿çĽɔ¿07΅ʘ˂ßŢį6

Ľ÷΅ßˌÑͪĴ6 NʜĒĲʐ͌6ƛȹŹ6Ľ÷΅�D9͂ʕ6ōőƒ6ȤŠ�ɉ#G�

1K˴æ"*Ά�HE6ʜǧ7 ʘ̈́˂̖ͪĴ6 R/K-based motif7ş˂¿Ʒæ6?3E%΅

M3-ST3GAL56ōő"*_�c¿ʫɒǿǸ4Bͅ˲3ƃñKB.�1KɱĢ"/�GΆ 
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ʄΈʉ ʜǧ 

ʄ·ͧ M3-ST3GAL5(N)-GFP΅M2-B4GALNT1(N)-GFP6ş˂¿ƷæǿǸ6˼Ǧ 

� ʐ̞ɹ͂ʕ4��/΅ʘ˂̖ͪĴ6 N Ǟʃ4Ŋį$G[R/K](X)[R/K]̀é7ş˂¿Ʒæ

b[r�1"/ǿ˅$G�1�ķę!H/�G[39]Ά�6̀é7 m̈́M3-ST3GAL507 2΅

3ɓɣ6N�Y±�΃2R3R΄̈́ mM2-B4GALNT107 5 6̈́ɓɣ6N�Y±�΃5R6R΄�ɥ

ƀ$G΃Fig. 34A Ά́�6 RR̀é�ş˂¿Ʒæb[r�1"/ǿ˅$G�2��6̇ʘ3

Ƕ̀K˧�*A4΅mM3-ST3GAL5΅mM2-B4GALNT16˒̬̔ͪĴ΃TM΄KĖ@ NǞ

ʃ4GFPK±ó"*^�dp�Zp΃mM3-ST3GAL5(N)-GFP m̈́M3-ST3GAL5(N)-GFP-

R2A/R3A m̈́M2-B4GALNT1(N)-GFP m̈́M2-B4GALNT1(N)-GFP-R5A/R6A ḰÁ˯"΅

�HEK CHO-K1ʘ˂4�̶ɠ4ɝɅ!&΅ơ GFPơ¿Kɋ�/ʘ˂ßŢįK͐ư˥×

ơ¿ȕ0˺Ś"*Ά 

� mM3-ST3GAL5(N)-GFP7 ǯ̈́Ẹ̌4qlpȿ4˺Ś!HG_�c¿4Ⱦƍɠ3Ţį�

˴EH΅_�c¿6��V�i�yZ̖0�G GM1301ÝŢįKɱ"*΃Fig. 34B F̈́ig. 

35 Ά́mM3-ST3GAL5(N)-GFP-R2A/R3A7΅̿ çɠ4_�c¿4Ţį$GB66 ¡̈́4ʘ

˂̖ͪĴ4ʣɣȿ4˺Ś!HGş˂¿4Ⱦƍɠ3ŢįKɱ"΅ơş˂¿ʫɒb[r�

KDELơ¿1ÝŢį"/�*΃Fig. 34B΅Fig. 35 Ά́mM2-B4GALNT1(N)-GFP7_�c

¿:6Ţį�ɰ̈!H*Ά�ǉ0΅mM2-B4GALNT1(N)-GFP-R5A/R6A 7̿çɠ4ş˂

¿4Ţį$GB66 ŀ̈́̿ç7_�c¿4Ţį"/�*΃Fig. 34C F̈́ig. 36 Ά́�6ʜǧ7΅

mM2-B4GALNT1(N)-GFP 4��/ 5R6R ³ľ6ş˂¿Ʒæ4͑JGN�v̓6Ŋį��

G�1KɱĢ"/�GΆmM2-B4GALNT1(N)-GFP 7 5R6R ³ľ6ĹĶƒN�v̓1"/

2RKB.�1�E m̈́M2-B4GALNT1(N)-GFP-R2A �̈́D9 mM2-B4GALNT1(N)-GFP-

R2A/R5A/R6A KÁ˯"΅CHO-K1 ʘ˂4�̶ƒ4ɝɅ!&/ŢįK˺Ś"*ΆmM2-

B4GALNT1(N)-GFP-R2AKɝɅ!&*ĸĒ ŀ̈́̿ç� mM2-B4GALNT1(N)-GFP1ēǹ

4_�c¿4Ţį"*Ά"�"΅2΅5΅6ɓɣ6Û/6 RKēǓ4 A4ʮƳ$G΃mM2-

B4GALNT1(N)-GFP- R2A/R5A/R6A΄1΅ŎÛ4ş˂¿4Ţį�b}p"*΃Fig. 34C΅

Fig. 36 Ά́³×6ʜǧ�E m̈́M3-ST3GAL5(N)-GFP0 2R3R̀é� m̈́M2-B4GALNT1(N)-
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GFP 0 2R(X)25R6R ̀é�_�c¿Ţį÷4ͅ˲0�F΅ş˂¿�E_�c¿:6Ʒæb

[r�1"/ǿ˅$G�1�ɱ!H*Ά 

� ȁ 4 ΅ mM3-ST3GAL5(N)-GFP ΅ mM3-ST3GAL5(N)-GFP-R2A/R3A ΅ mM2-

B4GALNT1(N)-GFP m̈́M2-B4GALNT1(N)-GFP-R2A/R5A/R6AK��kQP�dKɋ�

/ CHO-K1ʘ˂4ōő4ɝɅ!&΅(6ʘ˂ßŢįKơ GFPơ¿Kɋ�/͐ư˥×ơ¿

ȕ0˺Ś"*ΆmM2-B4GALNT1(N)-GFP 7_�c¿4΅mM2-B4GALNT1(N)-GFP-

R2A/R5A/R6A7ş˂¿4Ţį" �̶̈́ƒɝɅ1ēǹ6ʜǧKɱ"*΃Fig. 37B F̈́ig. 38B Ά́

³×6ʜǧ7ōőɝɅ"*mM2-B4GALNT1(N)-GFP6 2R(X)25R6R̀é�΅ş˂¿�E

_�c¿:6Ʒæb[r�1"/ǿ˅$G�1Kɱ"/�GΆ�ǉ΅mM3-ST3GAL5(N)-

GFP-R2A/R3A 7�̶ƒɝɅ0(6Ŀ��ş˂¿4Ţį"/�*4B��JE%΅ōőɝ

Ʌ07¡4_�c¿4Ţį"/�*΃Fig. 37A΅Fig. 38A Ά́³×6ʜǧ7΅mM3-

ST3GAL5(N)-GFP 6ōőɝɅǮ4��/ R2A/R3A 6ĽɔŞÚ07ş˂¿Ʒæ6Ơì4

�ûç0�F 2̈́R3R³ľ6ş˂¿Ʒæ4͑JGN�v̓6Ŋį��G�1KɱĢ"/�GΆ 

� mM3-ST3GAL5(N)-GFP 7 2R3R K͖�/ 12 Ê6N�v̓Kʘ˂̖ͪĴ4B.Άş˂

¿Ʒæ4ŗ�$GN�v̓6ēő6*A΅ʘ˂̖ͪĴ6ȆF6N�v̓4 2Ê%.ĽɔK

Ş Ú " * ^ � d p � Z p ΃ mM3-ST3GAL5(N)-GFP-R2A/R3A/P4A/S5A ΅ -

R2A/R3A/L6A/L7A -̈́R2A/R3A/I8A/K9A -̈́R2A/R3A/D10A/I11A -̈́R2A/R3A/C12A/K13A΄

KÁ˯" C̈́HO-K1ʘ˂4ōő4ɝɅ!&/ŢįK˺Ś"*΃Fig. 39A Ά́(6ʜǧ m̈́M3-

ST3GAL5(N)-GFP-R2A/R3A/I8A/K9A΅�D9-R2A/R3A/C12A/K13A KɝɅ!&*ʘ˂

0ş˂¿Ţį�Ļó"*Ά>*΅°6 3 ɻ6Ľɔ¿KɝɅ!&*ĸĒ47_�c¿Ţį�

E6Ľ÷7˴EH3�-*Άş˂¿Ţį6Ļó�˴EH* mM3-ST3GAL5(N)-GFP-

R2A/R3A/I8A/K9A΅�D9-R2A/R3A/C12A/K13A4Ý̬"/Ė>HGN�v̓7 9΅13

ɓɣ6�c�΃K΄0�F΅Sar116ɥ§Áɋ4ͅ˲1!H/�GĹĶƒN�v̓0�G

�1�E 9̈́K1 13K�ş˂¿Ʒæ4͑JG1¤ƕ"*Ά(�0 m̈́M3-ST3GAL5(N)-GFP-

R2A/R3A/K9A΅-R2A/R3A/K13A΅-R2A/R3A/K9A/K13AKēǹ4ɝɅ!&/ŢįK˺Ś

"*1�I΅¤ƕ̬F R2A/R3A/K9A΅R2A/R3A/K13A6Ľɔ0ş˂¿Ţį6Ļó�˺Ś
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!H R̈́2A/R3A/K9A/K13A0ŎÛ4ş˂¿4Ţį"*΃Fig. 39B F̈́ig. 40 Ά́>* m̈́M3-

ST3GAL5(N)-GFP- K9A/K13A7_�c¿΅ş˂¿6�ǉ4Ţį"΅ûç3ş˂¿ƷæƠ

ì7ɉ#/�3�-*΃Fig. 39B 4̈́0 Ά́³×6ʜǧ�E ō̈́őɝɅʑ6mM3-ST3GAL5(N)-

GFP0 2R3R(X)59K(X)313K�ş˂¿�E_�c¿:6Ʒæb[r�1"/ǿ˅$G�1�

ɱ!H*ΆmM3-ST3GAL5(N)-GFP0 2R3R(X)59K(X)313K̀é�΅mM2-B4GALNT1(N)-

GFP 0 2R(X)25R6R ̀é�ş˂¿Ʒæb[r�1"/ǿ˅$GΆ�HE7 [R/K](X)[R/K]

̀é4̺ɋ!H3�ǈ˵6̀é0�G*A΅R/K-based motif1Ʋģ$GΆ 

ʄΈͧ R/K-based motif4DGÛ͎M3-ST3GAL56ş˂¿ƷæǿǸ6˼Ǧ 

� ȁ4 R̈́/K-based motif�Û͎6M3-ST3GAL51M2-B4GALNT16̡̩4��/Bş

˂¿Ʒæb[r�1"/ǿ˅$G�Ƕ̀K˧-*ΆÛ͎mM3-ST3GAL5΃mM3-ST3GAL5-

R2A/R3A/K9A -̈́R2A/R3A/K13A -̈́R2A/R3A/K9A/K13A΄̈́ �D9Û͎mM2-B4GALNT1

΃mM2-B4GALNT1-R2A/R5A/R6A΄6^�dp�ZpKÁ˯"΅CHO-K1ʘ˂4��k

QP�dKɋ�/ōő4ɝɅ!&*ΆmM3-ST3GAL51mM2-B4GALNT17΅(H)H

ơ ST3GAL5 ơ¿΅ơ B4GALNT1 ơ¿Kɋ�*͐ư˥×ơ¿ȕ0ʘ˂ßŢįK˺Ś"*

΃Fig. 41 F̈́ig. 42 Ά́3�΅˼ Ǧ0ɋ�*ơ ST3GAL5ơ¿ ơ̈́ B4GALNT1ơ¿7 C̈́HO-

K1ʘ˂ßįƒ6i�yZ̖7Ƕæ"3��1Kɰ̈"*΃Fig. 43 Ά́ 

� Û͎ mM3-ST3GAL57¡4 GM1301ÝŢįKɱ" _̈́�c¿4Ţį"*Ά3Vƞ4Ľ

ɔKŞÚ"* mM3-ST3GAL5-R2A/R3A/K9A 1-R2A/R3A/K13A 7΅KDEL 1ÝŢįK

ɱ"΅¡4ş˂¿4Ţį"*ΆR-based motif 6 4 VƞÛ/4ĽɔKŞÚ"* mM3-

ST3GAL5-R2A/R3A/K9A/K13A7΅ʘ˂ß6ɝɅ͇�½�΅Ƕæ͕ɑ³�0�-*΃Fig. 

41A΅Fig. 42A Ά́�HE6ʜǧ7 GFP X��i�yZ̖1ēǹ6ʜǧKɱ"/�F΅Û

͎ mM3-ST3GAL5 4��/ R/K-based motif �ş˂¿Ʒæb[r�1"/ǿ˅"/�G

�1Kɱ"/�GΆ 

� śȸɠ4 Û͎̈́mM2-B4GALNT1-R2A/R5A/R6A7̿çɠ4ş˂¿:6Ţį�ɰ̈!H

*B66΅(6ŀ̿ç�_�c¿4Ţį"΅R2A/R5A/R6A Ľɔ4DGş˂¿:6ƷæƠ

ì7ûç4˺Ś!H3�-*Ά�6ʜǧ7 mM2-B4GALNT1 6ş˂¿Ʒæ4 R/K-based 
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motif�Əͩ073��1KɱĢ"/�G΃Fig. 41B΅Fig. 42B Ά́mM2-B4GALNT17΅

ßˌÑ6 2Vƞ6cd�}OqʜĒ4DFjP��KƁƛ"/�F΅jP��Ɓƛ4͑J

GbdnP�΃80C΅82C΄ȆĶ4ĽɔKŞÚ$G1ş˂¿:6Ʒæ�Ơì!HG1ķę!

H/�G[58]ΆŒ͘4Û͎ mM2-B4GALNT1-C80S/C82S KɝɅ!&*1�I΅¡4ş˂

¿4Ţį$G�1�ɰ̈!H*Ά³×6�1�E m̈́M2-B4GALNT14��/ R/K-based 

motif 7õɄɠ3ş˂¿�E6Ʒæ4ŗ�"/�G�΅ßˌÑcd�}OqʜĒ4DGj

P��Ɓƛ�DFͅ˲0�G�1�ɱ!H*Ά 

ʄΉͧ R/K-based motif4DGÛ͎M3-ST3GAL56_�c¿ʫɒǿǸ6˼Ǧ 

� îͧ0΅R/K-based motif 6 3 Vƞ6N�v̓4ĽɔKŞÚ$G1΅ŎÛ4ş˂¿�E

6Ʒæ�Ơì!HG�1Kɱ"*΃Fig. 41A΅Fig. 42A Ά́˘ěȠ��14΅Û͎ mM3-

ST3GAL5-R2A/R3A K��kQP�d0ɝɅ!&* CHO-K1ʘ˂4��/΅_�c¿+

�03�΅ʘ˂̖ͪĴ4qlpȿ6Ţį�˺Ś!H*΃Fig. 44A΅Fig. 45 Ά́�HE6ql

p7 Rab5΃êǛS�qg��6��V�i�yZ̖΄̈́ Rab7 ΃ƆǛS�qg��6��

V�i�yZ̖΄1�̿�ÝŢį"/�*Ά_�c¿4ɝɅ�ɰ̈!H*ʘ˂4��/΅

Rab51BÝŢįKɱ$ʘ˂6ñĒ7  ̈́ mM3-ST3GAL56ʓ20%4ś" m̈́M3-ST3GAL5-

R2A/R3A 7 100%1<=Û/6ʘ˂0ɰ̈!H*΃Fig. 44B Ά́³×6ʜǧ7΅mM3-

ST3GAL5-R2A/R3A7_�c¿�EêǛS�qg�� �̈́D9ƆǛS�qg��:̡̩!

H*�1Kɱ"/�GΆ 

� 2R3R K K 4ʮƳ"*Ľɔ¿΃mM3-ST3GAL5-R2K/R3K΄KɝɅ!&*ʘ˂4��/

B΅S�qg��:6̡̩7-R2A/R3A 1ēǹ6ʜǧ13-*Ά�6�1�E΅_�c¿

:6ʫɒ4��/΅2ɓɣ1 3ɓɣ6N�v̓7 R�ͅ˲0�G�1�ɱĢ!H*Ά!E

4΅mM3-ST3GAL5-R2A -̈́R3A΅-K9A/K13AKɝɅ!&*ĸĒB΅_�c¿΅êǛS�

qg��΅ƆǛS�qg��6Ţį�˺Ś!H΅_�c¿�EêǛS�qg��:̡̩!

HGʘ˂6ñĒ7mM3-ST3GAL56 2�4Ë13-*΃Fig. 44΅Fig. 45 Ά́³×6�1�

E΅Û͎ mM3-ST3GAL5 4��/ R/K-based motif 7_�c¿ʫɒ4ͅ˲3ǿ˅KƩ.

�1�ɱĢ!H*Ά 
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ʄΊͧ R/K-based motif�M3-ST3GAL56ʐ͌ƛȹ1͂ʕōőƒ4B*E$Ƃͦ6˼

Ǧ 

� mST3GAL57ßˌÑ4 NʜĒĲʐ͌KB.ʐi�yZ̖0�G[34]ΆM3-ST3GAL56

B.ʐ͌6ŀ̿ç7ƛȹ�̱L+˰ĒĲʐ͌0�F΅wP��v�dĲʐ͌6?KèǇ$

G͂ʕ΃Endo H΄ʶƒKɱ$Ά�ǉ΅M2-ST3GAL57΅_�c¿4̡̩!H*Ɔ΅̭C

�4�Pgg��4̴8Hç˼KČ�GΆ�6*A΅M3-ST3GAL51ȋ̠"/ in vivo0

6͂ʕōőƒ7½�΅ʐ͌É͵Bǝȹ0˰ĒĲʐ͌6ñĒ7Š3�[35]Ά�6�1�E΅ 

_�c¿�ES�qg��:̴8HG R/K-based motif 4ĽɔKŞÚ"* M3-ST3GAL5

4��/΅NʜĒĲʐ͌6Ǹ̮Ľ÷�ɉ#G1¤Ȩ"˼ǦK˧-*Ά 

� M3-ST3GAL5΅�D9 M3-ST3GAL5 Ľɔ¿΃-R2A/R3A΅-R2K/R3K΅-R2A΅-R3A΅

-K9A/K13A΅-R2A/R3A/K9A΅-R2A/R3A/K13A΄K��kQP�dKɋ�/ CHO-K1ʘ

˂4ōőɝɅ!&΅˒ i�yZ̖ɐçKĩĊ" N̈́ʜĒĲʐ͌KÛ/èǇ$G PNGase F΅

�D9wP��v�dĲʐ͌KèǇ$G Endo H0ʐ͌KèǇƆ΅ơ ST3GAL5ơ¿0Q

Sdi�~�lnO�[K˧-*΃Fig. 46 F̈́ig. 47 Ά́ʐ͌èǇǝåɇ6M3-ST3GAL57

43 kDa1 44.5-48 kDa6x�q�Ƕæ!HGΆ�HE6çň͇6x�q7 Endo Håɇ

0 36-43 kDa6űȿ6x�q4 P̈́NGase Fåɇ0Û/6x�q� 36 kDa4b}p$GΆ

�HE6ʜǧ7΅M3-ST3GAL5 6ŀ̿ç�ƛȹ"* N ʜĒĲʐ͌KB.�1Kɱ"/�

GΆ�H4ś"΅M3-ST3GAL5-R2A/R3AĽɔ¿07΅ʐ͌èǇǝåɇ0 43 kDa6x�

q�Ļó" 4̈́4.5-48 kDa6x�q7ͯˡ4ȤŠ"/�GΆ>*΅Endo Håɇ4��/ŀ

̿ç� 36 kDa4b}p$G�1�E M̈́3-ST3GAL5-R2A/R3AĽɔ¿07ǝƛȹ3 Nʜ

ĒĲʐ͌0�GwP��v�dĲKĿ�B.�1�ɱ!H*Άēǹ4΅S�qg��:̴

8HG(6°6Ľɔ¿΃M3-ST3GAL5-R2K/R3K΅-R2A΅-R3A΅-K9A/K13A΄B M3-

ST3GAL5 1ȋ̠"/ Endo H ʶƒ6x�q�ȤŠ"/�G�1�ɰ̈!H*Ά>*΅ş

˂¿:6Ţį�˺Ś!H*Ľɔ¿M3-ST3GAL5-R2A/R3A/K9A -̈́R2A/R3A/K13A4��

/΅Û/6ʐ͌� Endo H0èǇ!H*�1�E΅ƛȹ"* NʜĒĲʐ͌KB*3��1

�ɱ!H*Ά�HE7΅M3-ST3GAL5-R2A/R3A/K9A΅-R2A/R3A/K13A Ľɔ¿0ş˂¿
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�E6Ʒæ�Ơì!HG1��ʜǧKƿƩ"/�GΆ 

� ȁ4 _̈́�c¿ʫɒ6Ơì4DG ST3GAL56͂ʕōőƒ4͑JGƂͦKʏǭ"*ΆM3-

ST3GAL5΅�D9 M3-ST3GAL5 Ľɔ¿΃-R2A/R3A΅-R2K/R3K΅-K9A/K13A΄K��

kQP�d0ɝɅ!&* CHO-K1ʘ˂4 ḯ�yZ̖Ēƛ͓Ŕï΃cycloheximideΐCHX΄

K 3 Ǔ͐åɇ"*ΆCHX åɇƆ΅˒i�yZ̖ɐçKĩĊ"΅PNGase F 0ʐ͌KèǇ

Ɔ΅ơ ST3GAL5ơ¿0QSdi�~�lnO�[K˧-*΃Fig. 48 Ά́M3-ST3GAL57

CHXåɇƆBǑɨ3x�q�Ƕæ!H΅³î6Ɯ�6ķę1ēǹ6ʜǧKɱ"*[35]Ά�

ǉ΅M3-ST3GAL5-R2K/R3K΅-K9A/K13A0 CHXƆ6ȤŠ�˴EH΅-R2A/R3A0<=

Û/�ȞŁ"*ΆM3-ST3GAL5 �̈́D9M3-ST3GAL5đĽɔ¿6͂ʕōőƒ1 NʜĒĲ

ʐ͌6ƛȹŹ47ɥ͑�˴EH*Ά 

� ³×6�1�E΅R/K-based motif7΅M3-ST3GAL56_�c¿ʫɒǿǸ΅NʜĒĲʐ

͌6ƛȹ΅͂ʕ6ōőƒ4ƂͦK��G�1�ɱĢ!H*Ά  
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ʄΉʉ ʴŚ 

� ǟʂ07 _̈́�c¿4��GW�[�UbqɉĒƛǿǸ6˼ǑKɣɠ1"/ S̈́T3GAL5

�D9 B4GALNT1 6ʘ˂ßöƘ΅Ⱦ4ş˂¿ƷæǿǸ1_�c¿ʫɒǿǸ4ȶȴKƀ/

*˼ǦʜǧKķę"*΃Fig. 49 Ά́ 

� �H>04΅W�[�UbqĒƛ͂ʕ6ʘ˂ß̡̩ǿǸ6˼Ǒ6*A΅ǹ�3˼Ǧ�˧

JH/�GΆ(6�.1"/΅ş˂¿�E6ƷæǿǸ�ċF×�EH/�F΅ʘ˂̖ͪĴ

6 N Ǟʃ4Ŋį$G[R/K](X)[R/K]̀é�ş˂¿Ʒæb[r�1"/ǿ˅$G�1�ķę

!H/�G [39]Άɰ�4΅ST3GAL5 6 [R/K](X)[R/K]̀é4ĽɔKŞÚ"* M3-

ST3GAL5(N)-GFP-R2A/R3A�̶ƒɝɅʑ4��/ ş̈́˂¿Ʒæ7Ơì!H*΃Fig. 34B΅

35 Ά́"�"3�E M̈́3-ST3GAL5(N)-GFP-R2A/R3AKōő4ɝɅ!&G1 (̈́6Ŀ��

_�c¿ŢįKɱ"*΃Fig. 37A΅Fig. 38 Ά́�HE6�1�E΅ş˂¿�E6Ʒæb[r

�1"/ǿ˅$G*A47΅[R/K](X)[R/K]̀é+�07�ûç0�G�1�ɱĢ!H*Ά

ş˂¿Ʒæ4͑�$GN�v̓ȆĶ6Ưʖ6ʜǧ΃Fig. 3A΄̈́ 2R3R̀é6�ț4¼ʮ$G

2.6K΃9K 1̈́3K ḰĖ@Ľɔ¿M3-ST3GAL5(N)-GFP-R2A/R3A/K9A -̈́R2A/R3A/K13A΅

-R2A/R3A/K9A/K13A0ş˂¿Ʒæ6Ơì�˺Ś!H*΃Fig. 39B F̈́ig. 40 Ά́�HE7΅

Û͎ M3-ST3GAL5 4��/Bēǹ13-*΃Fig. 41A΅Fig. 42A Ά́³×6�1�E΅

2R3R(X)59K(X)313K̀é�ǈ˵6ş˂¿Ʒæb[r�1"/ǿ˅$G�1K˴æ" �̈́R/K-

based motif�1Ĕ±�*Ά 

� B4GALNT14��/B [̈́R/K](X)[R/K]̀é4ĽɔKŞÚ"*M2-B4GALNT1(N)-GFP-

R5A/R6A6ōőɝɅ07ş˂¿�E6Ʒæ7Ȃ>E% 5̈́R6R̀é6×ț4¼ʮ$G 2RK

Ė@Ľɔ¿M2-B4GALNT1(N)-GFP-R2A/R5A/R6A0ş˂¿Ʒæ�Ơì!H*΃Fig. 34C΅

Fig. 36΅Fig. 37B΅Fig. 38B Ά́�6�1�E΅2R(X)25R6R̀é΃R/K-based motif΄�ş

˂¿Ʒæb[r�1"/ǿ˅$G�1�ɱ!H*Ά"�"3�E΅R/K-based motif �Û

͎0Bēǹ4ş˂¿Ʒæb[r�1"/ǿ˅"* ST3GAL5 1ɔ3F΅Û͎ M2-

B4GALNT17 R/K-based motif4ÅŊ"3�ş˂¿Ʒæ�˧JH/�*΃Fig. 41B΅Fig. 

42B Ά́�6ʜǧ7 ş̈́˂¿Ʒæ4B4GALNT16ßˌÑͪĴB͑JG�1KɱĢ"/�GΆ
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M2-B4GALNT1 7ßˌÑ 80C82C 6cd�}OqʜĒ4DFjP��KƁƛ"/�F΅j

P��ƁƛK͓Ŕ$GĽɔ΃M2-B4GALNT1-C80S/C82S΄KŞÚ$G�10ş˂¿Ʒæ

�Ȃ>G�1�ķę!H/�G[58]Ά �H7΅jP��Ɓƛ�ǿ˅ɠ3 B4GALNT16ͽ

ȁǸ̮6Ɓƛ4ͅ˲0�F΅C80S/C82S Ľɔ¿7ɔŲǸ̮1̈̐!H COP�ş˂:6Ȱ

ʩ�Ơì!HG�1�ăĪ1¤ƕ!HGΆ�6�1�E΅ȃ"�}T��oO�[!H*

B4GALNT16ßˌÑK̈̐$Gɽ˟ČŖ¿�Ŋį"΅(H4DF COP�ş˂4Ȱʩ!H

G�1�ɱĢ!H*Ά 

� ş˂¿0Ēƛ!H*ʐ̞ɹ͂ʕ7΅ COP�˫˳ş˂KǸƛ$Gi�yZ̖˰Ē¿�½

çň͇ GTPase΃Sar1΄6ìƊKČ�/ş˂¿˒ȿ4͚ɽ$G̶ɺ0΅ɽ˟i�yZ̖1

"/ş˂ß4ċ̤>HG�10_�c¿:̴8HGΆ ş˂¿ 4ͽȰŹ0Ŋį$GȎȬƒ

6�șƒĲSar1-GDP7 S̈́ar1Ⱦɔɠ[N±�tZ�Ukq«ƳĪň΃guanine nucleotide 

exchange factorΐGEF΄0�G Sec124ʜĒ" G̈́DPKǁæ"/ GTP1ʜĒ$GΆGTP

ʜĒĲ13-*șƒĲ Sar1-GTP7Ǹ̮Ľ÷Kɉ#΅͡æ"*�˹Ňƒ6��lZd�ş

˂¿˒4ƭÚ!HʜĒ$GΆ˒4īő!H* Sar1-GTP 7ş˂¿˒×4 Sec23/24 ˰Ē¿

K�Z��p"΅æ˝î͹˰Ē¿KƁƛ$GΆSar1-GTP 7 Sec23 K¯"/ Sec23/24 ˰

Ē¿1ʜĒ"΅ēǓ4 Sec24�ɽ˟i�yZ̖1ʜĒ$GΆɽ˟i�yZ̖6�,΅˒i

�yZ̖7ʘ˂̖4B.ş˂¿Ʒæb[r�΃DXE΅FF ̀é32΄4D-/ Sec24 1ɤ

ưʜĒ"΅ďȬƒi�yZ̖7˒̬̔Ĳ6ɽ˟ČŖ¿16ɥ§ÁɋK¯"/ʜĒ$GΆ

Sec23/24 ˰Ē¿K Sec13-Sec31 ˰Ē¿΃Sec13/31΄�ǩǾ$G�10 COP�ş˂6Ɓƛ

1ɽ˟i�yZ̖6ċF̤?�̱˧$GΆSec237 Sar1-GTP4ś$G GTPase șƒ÷i

�yZ̖΃GTPase-activating proteinΐGAP΄0�G*A΅æ˝î͹˰Ē¿KƁƛ$G1

Sar1-GTP 7 Sec23 4D-/óȎç˼!H˼͜"/">�Άæ˝î͹˰Ē¿7 Sar1 �˼

͜"/B �ɫǓ͐ÈƩ!HG�11΅˼ ͜"* Sar1-GDP7$�4 Sec124D-/àș

ƒ÷!H΅à9ş˂Ɓƛ4ąó$G�1΅�H�ʭF̦!HG�10ɽ˟i�yZ̖Kş

˂ß4ÈƩ$G1ʴ�EHG[67]ΆSar1�˼͜"*æ˝î͹˰Ē¿7ş˂¿˒×:6ʜĒ

��ōő3*A΅ɽ?̤?4�̺è3ɽ˟i�yZ̖�Ė>H*ĸĒ7 Sar1-GTP6àǸ
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ʊî4 Sec23/24 ˰Ē¿�˒�E˼͜$GΆ�HE6�1�E΅Sar1 4��G GTP/GDP

`PZ�7΅̺è3ɽ˟i�yZ̖΃Sec24 4ʜĒ$Gb[r�̀éKB.΅ɽ˟ČŖ¿

1ɥ§Áɋ$G32΄6̻Ƣbdn�1"/ǿ˅"/�G1��GΆST3GAL5 6 R/K-

based motif� Sar116?ɥ§Áɋ$GĸĒ S̈́ar1-GTP� Sar1-GDP4ĽƳ!H˼͜$

G�10 S̈́T3GAL57æ˝î͹˰Ē¿�E˼͜"/">�Ά(6*A S̈́T3GAL5�æ˝

î͹˰Ē¿4Ȱʩ$G*A47 Sar1 ³ľ6ɥ§Áɋ$Gy�pr�΃ɽ˟ČŖ¿΄�Ə

˲0�GΆ$3J, S̈́T3GAL56 R/K-based motif7 Sar11ɥ§Áɋ$G�14D-/

æ˝î͹˰Ē¿:WPq!H΅æ˝î͹˰Ē¿6ë6ɽ˟i�yZ̖΅>*7ɽ˟ČŖ¿

4Č�ȥ!HG�10 COP�ş˂4õɄɠ4ċF̤>HG6073�+I��Ά 

� ʐ̞ɹ͂ʕ6ßˌÑ4Ⱦƍɠ3Ǹ̮1"/΅˽ŇͪĴ�ƫ�EHGΆST3GAL5 7ßˌ

Ñ4ȋ̠ɠŀ�3˽ŇͪĴKB.Ά"�"΅�6˽ŇͪĴ�ş˂¿ƷæC_�c¿ʫɒǓ

4°i�yZ̖1ɥ§ÁɋK$G�17ʴ�͝�Ά3'3E΅˽ŇͪĴ7ʐ̞ɹ͂ʕ6Ķ

̖Ⱦɔƒ4͑JG*A΅(6Ǹ̮7Ŀǹ0�F΅_�c¿4Ţį$Gʓ 170ɻͰ6ʐ̞ɹ

͂ʕ6�.�.4Ⱦɔɠ4śƑ$Gɥ§Áɋçň�ɋƖ!HG�17͝"�1¤ƕ!HG

�E0�GΆ�GɺŹʐ̞ɹ͂ʕ͐4Ý̬"*Ǹ̮K̈̐$G1´ő$G1΅(6Íˮ1

"/ʐ͌É͵�ƫ�EHGΆʐ̞ɹ͂ʕ6Ŀ�7ßˌÑ4 NʜĒĲʐ͌KB.ʐi�yZ

̖0�GΆ�6ʐ͌�ɽ˟ČŖ¿1ɥ§Áɋ$G�10ş˂4ʚ̤>HG3E8΅Š3�

ɽ˟ČŖ¿6ɻͰ0ǿ˅$G6073�+I��ΆŒ͘΅M3-ST3GAL5 6 N ʜĒʐ͌±

ó̿¼΃180N 2̈́24N 3̈́34N Ḱ[�i��΃Q΄4ʮƳ"*Ľɔ¿4��/΅M3-ST3GAL5-

N224Q -̈́N334Q�_�c¿4Ţį$G64ś"M3-ST3GAL5-N180Q7ş˂¿1_�c

¿6�ǉ4Ţį$G΃Fig. 50 Ά́"�"3�E΅M3-ST3GAL5�B. 3Vƞ6ʐ͌7Û/

͂ʕșƒ4Əͩ0�F΅ʐ͌�ȵ�/7ʁ¿Ǹ̮�ʢƩ!H% GM3 Ēƛșƒ�ˡ"�½

�$G[34]Ά(6*A΅N180QĽɔ¿4��/ş˂¿�E6Ʒæ�Ơì!H*ăĪ�΅ʔ

ʍ4ʐ͌6ǚȵ4DGƂͦ6?Kĉǒ"/�G17˾�3�Ά�ǉ΅in vitro 0͂ʕșƒ

�ʢƩ!HG΅ʐ͌ǿ˅K²Ǘ�$GN�v̓̀éʮƳ�Ŋį$G�1�ķę!H/�G

[34]Ά²ǗN�v̓̀é4ʮƳ"* H177D/N180S Ľɔ¿4��/΅͂ʕșƒ6ǀĦ�˴
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EH΅ŢįB_�c¿1ʘ˂̖ͪĴ6qlp4b}p"*Άʘ˂̖ͪĴ6qlp7΅COP

�ş˂6Ɓƛ6ĸ0�GERES��V�i�yZ̖Sec31-GFP1ÝŢį"3�΃Fig. 50 Ά́

�6Ţį�26U�Wu�0�G�7ǖ3GǶ̀�Ə˲0�G�΅ĵİ :6çȔ͇�͆

ɉĲ M3-ST3GAL5 1ȋ̠"/ M3-ST3GAL5-N180Q 0 20%+-*64ś"΅M3-

ST3GAL5-H177D/N180S7 50%1Ļó"/�G�1�E[34] M̈́3-ST3GAL5ßˌÑ6Ǹ

̮�ş˂¿�E6Ʒæ4͑JG�1Kɱ"/�GΆ 

� _�c¿4̡̩!H* M3-ST3GAL5-R2A/R3A Ľɔ¿7_�c¿4ʫɒ!H%S�q

g��4Ţį$GB6�Ļó" ç̈́˼�ª̱"*Ά>* K9A/K13AĽɔ¿4��/Bēǹ

6ʜǧKɱ"*ΆM3-ST3GAL5(N)-GFP-R2A/R3A΅K9A/K13AĽɔ¿7S�qg��6

Ţį7˴EH%΅M3-ST3GAL5(N)-GFP 1Ͱº"*ŢįKɱ"*Ά�6�1�E΅R/K-

based motif6_�c¿ʫɒǿ˅7Û͎M3-ST3GAL54͕ő!HG $̈́3J, R̈́/K-based 

motif7ßˌÑ1ý̌"/ ST3GAL5K_�c¿4ʫɒ"/�G�1�J�GΆ>* M̈́2-

ST3GAL5CM1-ST3GAL5-R11S/R12SĽɔ¿΃ş˂¿Ţį6*A6_�c¿�Eş˂¿

:6̪˧̡̩b[r�4ĽɔKŞÚ"*Ľɔ¿΄�̭C�4�Pgg��0ç˼!HG

[35]�1�E΅Û͎ M3-ST3GAL5 6?0ōő"*_�c¿ʫɒ�˧JH/�G1ʴ�E

HGΆ_�c¿4��Gi�yZ̖6̡̩ǿǸ7ǝ+�Ǒ3ȴ�Ŀ��΅_�c¿6Ǹ̮

΃cis m̈́edial ẗ́rans 7́_�c¿6͂ʕ4D-/Ⱦƍ±�EH Ⱦ̈́ő6_�c¿Ųįi�

yZ̖6ɃƉ1ȞŁKʭF̦$öɠǸ̮0�G1̊Ǒ!H/�GΆ�6Ǻƛȹ�o�4D

H8΅ş˂¿�EÄʝ!H*ş˂4D-/ǈ"� cis Ǻ�ʟ�͐3�Ɓƛ!H΅Ƈ�4ƛ

ȹ"/medialǺ4΅ȁ�0 transǺ4ƛȹ$GΆ_�c¿͂ʕ6Ⱦƍɠ3çŮ7 COP�

˫˳ş˂4DG_�c¿͐6̪˧̡̩4DG1!HGΆ$3J,΅ɽ˟i�yZ̖7öɠ

3ē�Ǻ4ɒ>F΅É͵KČ�Ʃ.Ųįi�yZ̖�̡̩!HG�10ɽ˟i�yZ6ƛ

ȹ�̱@Άġ¢öȽ4��G_�c¿̪͐˧̡̩�26D�3ǿǸ4D-/˧JH/�G

�7�>+̇ʘ7J�-/�3�� _̈́�c¿Ųį͂ʕ� COP�˫˳ş˂6_�c¿̪͐

˧̡̩!HG�14DFÔ�ĸ4ʫɒ!HGď˅ƒ7ͽ�Ά̥ŵ΅æ˝͂Ȋ6ʐ̞ɹ͂ʕ

4��G_�c¿ŢįKìƊ$Gǈ*3i�yZ̖1"/ Vps74�ķę!H/�F ʐ̞̈́



 
 

112 

ɹ͂ʕ6ʘ˂̖Ñ6 NǞʃ4Ŋį$G[F/L][L/I/W]XX[R/K]̀é1 Vps746ʜĒ�ʐ̞ɹ

͂ʕ6 COP�ş˂:6ɽ?̤?4͑�$G�1�ɱĢ!H/�G[68,69]Ά  

� M3-ST3GAL51M3-ST3GAL5-R/K-based motifĽɔ¿4��/΅_�c¿ʫɒ4DG

͂ʕōőƒ4ȋÃ"/ʐ͌ƛȹŹ�Ľ÷$G�1BȖɣ4Î$G΃Fig. 46΅Fig. 48 Ά́�

6ʜǧ7 ST3GAL5 6̪˧̡̩� N ʜĒĲʐ͌6ƛȹ4͑JG1ɱĢ"/�GΆ.>F΅

1 ĩ6_�c¿̶̬07ʐ̞ɹ͂ʕ4DGʐ͌É͵7Ǔ͐�ɿ͐ɠ4�ûç0΅˰ǃĩ_

�c¿K̶̬$GƏ˲��GΆʐ̞ɹ͂ʕ6_�c¿ʫɒǓ͐� NʜĒĲʐ͌6ƛȹŹ4

ƂͦK��G�17�H>04ķę�3�Ά�6�V±e�7 ST3GAL56?073�΅

ʐi�yZ̖Û¿4B̺ɋ!HGď˅ƒ�E ʐ̈́͌É͵6ǰǟ4͑JGͅ˲3̋ͭ0�GΆ 

®Ɔ M̈́3-ST3GAL51M3-ST3GAL5-R/K-based motifĽɔ¿6ʐ͌Ǹ̮KDḞʘ4˼

Ǧ$G�10΅ʐi�yZ̖6_�c¿ʫɒǿǸ˼Ǒ6Ɵ��F13G+I�Ά 

� ǟʂ07 ST3GAL5 4��Gş˂¿ƷæǿǸ΅_�c¿ʫɒǿǸ6�ǉ0 R/K-based 

motif 7ͅ˲3ǿ˅KB.�1Kɱ$11B4΅̡̩4��GßˌÑͪĴ6ͅ˲ƒBɱĢ

"*ΆßˌÑ626ͪĴ̿ç�ͅ˲0�G�΅ş˂¿ƷæC_�c¿ʫɒ4͑JG°6ç

ň126D�3ɥ§Áɋ�˧JH/�G�΅(6�̯6ìƊǿǸ6˼Ǒ7®Ɔ6̋ͭ0�

GΆ 
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ʄΊʉ Ǡǆ1ǉȕ 

Œͺ̆ˤ�ŒͺǠǆ 

Lipofectamine 2000 Regent : Invitrogen 

Ham’s F-12 : Wako 

poly-L-lysine : SIGMA 

DMEM (4.5g/l Glucose) with L-Gln and Sodium Pyruvate, liquid : Nacalai Tesque  

Dulbecco’s Modified Eagel’s Medium Nutrient Mixture F-12 HAM (HAM/D-MEM) : 

SIGMA 

Penicillin-streptmicyne mixed Solution Stabilized : Nacalai Tesque 

Fetal Bovine Serum (FBS) : Biosera 

CELLBANKER 1 : ǍǟÛˤŬǷ 

Forskolin : SIGMA 

cOmplete, EDTA-free protease inhibitor cocktail : Roche Diagnostics 

Peptide: N-glycosidase F (PNGase F) : New England Biolabs 

Endoglycosidase H (Endo H) : New England Biolabs 

Pierce BCA protein assay kit : Thermo Fisher Scientific 

pGEM-T Easy Vector : Promega 

pENTR/D-TOPO vector : Life Technologies 

CSII-CMV-RfA : Life Technologies 

Gateway LR Clonase enzyme mix II : Invitrogen 

Prestained XL-Ladder : APRO 

PVDF˒ : MILLIPORE 

AmershamTM ECL Select Western Blotting detection Reagents : GE Healthcare 

Can Get Signal Immunoreaction Enhancer Solution 1 : TOYOBO 

Image it Fx signal enhancer : Invitrogen 

MagExtractor-PCR&Gel Clean up kit : TOYOBO 
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cycloheximide : SIGMA 

ProLong Gold antifade reagent : Thermo Fisher 

CellLight Early Endosomes-GFP BacMan2.0 reagent : Thermo Fisher Scientific 

 

ơ¿ 

�QSdi�~�lnO�[ɋ�ȁơ¿ 

ơ ST3GAL5ơ¿(C-term)  

ơb-actinơ¿ : SIGMA 

 

�QSdi�~�lnO�[ɋ¦ȁơ¿ 

ơ rabbit IgG HRPơ¿ : GE Healthcare 

ơmouse IgG HRPơ¿ : GE Healthcare 

 

�͐ư˥×ơ¿ȕɋ�ȁơ¿ 

ơ ST3GAL5ơ¿(9129) 

ơ B4GALNT1ơ¿(9535_Ex_ProteinA)  

ơ GFPơ¿ : Aves Labs 

ơ KDELơ¿ : StressGen Bioreagents 

ơ GM130ơ¿ : BD Bioscience 

ơ Rab7ơ¿(Rab7-117) : SIGMA 

 

�͐ư˥×ơ¿ȕɋ¦ȁơ¿ 

ơmouse IgG Alexa 594ơ¿(Alexa Fluor 594) : Invitrogen 

ơ rabbit IgG Alexa 488ơ¿(Alexa Fluor 488) : Invitrogen 

ơ chicken IgY Alexa 488 ơ ¿ (Alexa Fluor 488) : Jackson ImmunoResearch 

Laboratories 
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Plasmids 

ǟʂ0Âɋ"*��d�q�˸ 

Plasmid name Inserted ORF Vector 

pSU157 M3-ST3GAL5(N)-GFP pEGFP-N1  

pKM81 M3-ST3GAL5(N)-GFP R2A/R3A pEGFP-N1 

pKM9 B4GALNT1(N)-GFP pEGFP-N1 

pKM123 B4GALNT1(N)-GFP R5A/R6A pEGFP-N1 

pKM184 B4GALNT1(N)-GFP R2A pEGFP-N1 

pKM137 B4GALNT1(N)-GFP R2A/R5A/R6A pEGFP-N1 

pKM150 M3-ST3GAL5(N)-GFP CSII-CMV-RfA 

pKM129 M3-ST3GAL5(N)-GFP R2A/R3A CSII-CMV-RfA 

pFS415 M3-ST3GAL5(N)-GFP R2A/R3A/P4A/S5A CSII-CMV-RfA 

pFS416 M3-ST3GAL5(N)-GFP R2A/R3A/L6A/L7A CSII-CMV-RfA 

pFS417 M3-ST3GAL5(N)-GFP R2A/R3A/I8A/K9A  CSII-CMV-RfA 

pFS418 M3-ST3GAL5(N)-GFP R2A/R3A/D10A/I11A CSII-CMV-RfA 

pFS419 M3-ST3GAL5(N)-GFP R2A/R3A/C12A/K13A CSII-CMV-RfA 

pFS440 M3-ST3GAL5(N)-GFP R2A/R3A/K9A CSII-CMV-RfA 

pFS441 M3-ST3GAL5(N)-GFP R2A/R3A/K13A CSII-CMV-RfA 

pFS442 M3-ST3GAL5(N)-GFP R2A/R3A/K9A/K13A CSII-CMV-RfA 

pFS487 M3-ST3GAL5(N)-GFP K9A/K13A CSII-CMV-RfA 

pKM155 B4GALNT1(N)-GFP CSII-CMV-RfA 

pKM149 B4GALNT1(N)-GFP R2A/R5A/R6A CSII-CMV-RfA 

pFS311 M3-ST3GAL5 CSII-CMV-RfA 

pFS520 M3-ST3GAL5 R2A/R3A/K9A CSII-CMV-RfA 

pFS521 M3-ST3GAL5 R2A/R3A/K13A CSII-CMV-RfA 

pKM121 M3-ST3GAL5 R2A/R3A CSII-CMV-RfA 

pFS495 M3-ST3GAL5 R2K/R3K CSII-CMV-RfA 

pFS522 M3-ST3GAL5 R2A CSII-CMV-RfA 

pFS523 M3-ST3GAL5 R3A CSII-CMV-RfA 

pFS519 M3-ST3GAL5 K9A/K13A CSII-CMV-RfA 

pKM91 B4GALNT1 CSII-CMV-RfA 

pKM148 B4GALNT1 R2A/R5A/R6A CSII-CMV-RfA 

pFS486 B4GALNT1 C80S/C82S CSII-CMV-RfA 
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×́�˸6��d�q6Á˯ƟͨK³�4ɱ$ΆZ��±�[ƽÁ7(H)Hǻȫɠ3�

�p^�4ȫ#/˧-*Ά 

�pGEM-T Easy vector:6Z��±�[΃pcDNA3 vector:6ʚ?̤?ɋ΄ 

M3-ST3GAL5/pcDNA3.1zeo(+)K͉Ĳ1" 2̈́Ȉ͗ PCRȕ0 R/K-based motif4ĽɔKŞ

Ú"*Ά>%΅primary PCR1"/ primer-F1/R1΅primerF2/R20(H)HĻų"*Ά

ʏ˯"* PCRɊȽKȡĒ"/͉Ĳ1" p̈́rimerF1/R20 secondary PCRK˧-*Ά×̧

6ǉȕ0 pGEM-T Easy vector4ʚ̤L+Ά 

�pcDNA3 vector:6Z��±�[ 

pKA17Kì͕͂ʕ BamHI0åɇ"΅ƉEH*}�[��pKēǹ4 BamHI0åɇ"

* pcDNA3.1zeo(+) vector4ʚ?̤? pKA181"*Ά 

mM2-B4GALNT1-GFPĽɔŞÚ��d�q7΅PrimeSTAR Mutagenesis Basal KitK

ɋ�/Á˯"*Άi�]lpͪĴKŞÚ"*��d�qK͉Ĳ1"΅PCR0ȴĽɔKŞ

Ú"*ΆƉEH*Z���7 DNAb�\�`1 ORFß4̂ő"*��P��Kɋ�/

̀éKɰ̈"*. 

 

�pGEM-T Easy vector:6Z��±�[΃pEGFP-N1 vector:6ʚ?̤?ɋ΄ 

Plasmid ͉Ĳ ORF Primers 

pKA 17 

M3-
ST3GAL5/p
cDNA3.1 
zeo(+) 

mM3-
ST3GAL5 
-R2/3A 

F1 : 5’- CCCCTATTGACGTCAATGACGG -3’ 
R1 : 5’- GCCGCCACCATGGCAGCACCCAGCTTGTTA -3’ 
F2 : 5’ TAACAAGCTGGGTGCTGCCATGGTGGCGGC 3’ 
R2 : 5’ CAGCGGCGGCATCCACTGAGGATCC 3’ 

Plasmid ͉Ĳ ORF 

pKA 18 pKA 17 mM3-ST3GAL5-R2/3A 

pKM 23 pKM 3 mM2-B4GALNT1 

Plasmid ͉Ĳ ORF Primers 

pKM 137 pKM 23 
mM2-
B4GALNT1 
-R5/6A 

5’- AGACGCTGCTGCCCTCTATGCGCTAGTC -3’ 
5’- AGGGCAGCAGCGTCTAGCCGCATGGTGGC -3’ 
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M3-ST3GAL5/pcDNA3.1zeo(+)΅pKA18K͉Ĳ1"΅ßˌÑ̀éKĖ>3�̀éKĻų

$G��P��Kɋ�/ PCRK˧�΅ʄ 1ʂʄΊʉ�pGEM-T Easy vector:6Z��

±�[�1ēǹ6ǉȕ0 pGEM-T Easy vector4ʚ̤?΅pSU1511"*Ά 

 

�pEGFP-N1 vector:6Z��±�[ 

mM3-ST3GAL5(N)-GFP΅mM3-ST3GAL5(N)-GFP-R2/3A7΅pSU151Kì͕͂ʕ

EcoRI΅SmaI0åɇ"/ƉEH*đ}�[��pK΅ēǹ4 EcoRI΅SmaI0åɇ"*

pEGFP-N1 vector4ʚ?̤?Á˯"*ΆmM2-B4GALNT1(N)-GFP7ʄ 2ʂʄΊʉ

�Plasmids�6 pKM9Kɋ�*Ά 

(6°6mM3-ST3GAL5(N)-GFP1mM2-B4GALNT1(N)-GFPĽɔŞÚ��d�q

7΅PrimeSTAR Mutagenesis Basal KitKɋ�/Á˯"*Άi�]lpͪĴKŞÚ"*

��d�qK͉Ĳ1"΅PCR0ȴĽɔKŞÚ"*ΆƉEH*Z���7 DNAb�\�

`1 ORFß4̂ő"*��P��Kɋ�/̀éKɰ̈"*. 

Plasmid ͉Ĳ ORF Primers 

pSU 151 

M3-
ST3GAL5/p
cDNA3.1 
Zeo(+) 

mM3-
ST3GAL5(N) 

5’- CCCCTATTGACGTCAATGACGG -3’ 
5’- CCCGGGCAGGGTCCACATAGTGCATTC -3’ 

pKM 78 pKA 18 
mM3-
ST3GAL5(N) 
-R2/3A 

5’- CCCCTATTGACGTCAATGACGG -3’ 
5’- CCCGGGCAGGGTCCACATAGTGCATTC -3’ 

Plasmid ͉Ĳ ORF 

pSU 157 pSU 151 mM3-ST3GAL5(N)-GFP 

pKM 81  pKM 78 mM3-ST3GAL5(N)-GFP-R2/3A 

pKM 9 pKM 7 mM2-B4GALNT1(N)-GFP 

Plasmid ͉Ĳ ORF Primers 

pFS 393 pKM 81 
mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/P4A/S5A 

5’- AGCAGCCGCATTGTTAATAAAAGACATC -3’ 
5’- AACAATGCGGCTGCTGCCATGGTGGCGGC -3’ 

pFS 394 pKM 81 
mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/L6A/L7A 

5’- CAGCGCAGCCATAAAAGACATCTGCAAG-3’ 
5’- TTTATGGCTGCGCTGGGTGCTGCCATGGT-3’ 



 
 

118 

�pENTR-D TOPO vector:6Z��±�[ 

pGEM-T easy vector΅>*7 pcDNA3 vector4Z��±�["*��d�qK͉Ĳ1

"΅PCR0ɣɠ̀éKĻų"*ΆNW��d]�͞ȍȗö0ç͜�ʏ˯Ɔ΅pENTR-D 

TOPO vector4 topo cloning0ʚ̤L+ΆƉEH*Z���7 DNAb�\�`1 ORF

ß4̂ő"*��P��Kɋ�/̀éKɰ̈"*. 

pFS 395 pKM 81 
mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/I8A/K9A 

5’- TGTTAGCCGCAGACATCTGCAAGTGCACG-3’ 
5’- TGTCTGCGGCTAACAAGCTGGGTGCTGC-3’ 

pFS 396 pKM 81 
mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/D10A/I11A 

5’- AAAAGCAGCCTGCAAGTGCACGTTGGT-3’ 
5’- TTGCAGGCTGCTTTTATTAACAAGCTGG-3’ 

pFS 397 pKM 81 
mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/C12A/K13A 

5’- ACATCGCAGCCTGCACGTTGGTTGCATTT-3’ 
5’- TGCAGGCTGCGATGTCTTTTATTAACAA-3’ 

pKM 184 pKM 9 
mM2-B4GALNT1(N) 
-GFP-R2A 

5’- ACCATGGCTCTAGACCGCCGGGCCCTC -3’ 
5’- GTCTAGAGCCATGGTGGCGGATC -3’ 

pKM 123 pKM 9 
mM2-B4GALNT1(N) 
-GFP-R5/6A 

5’- AGACGCTGCTGCCCTCTATGCGCTAGTC -3’ 
5’- AGGGCAGCAGCGTCTAGCCGCATGGTGGC -3’ 

pKM 137 
pKM 
123 

mM2-B4GALNT1(N) 
-GFP-R2/5/6A 

5’- ACCATGGCTCTAGACGCTGCTGCCCTC -3’ 
5’- GTCTAGAGCCATGGTGGCGGATCCGAG -3’ 

Plasmid ͉Ĳ ORF Primers 

pKM 144 pSU 157 
mM3-ST3GAL5(N)-
GFP 

5’- CACCATGAGAAGACCCAGCTTGTTAATAAAA 
GA -3’ 
5’- GGCTGATTATGATCTAGAGTCGCGGCCGC -3’ 

pKM 107 pKM 81 
mM3-ST3GAL5(N)-
GFP 
-R2A/R3A 

5’- CACCATGGCAGCACCCAGCTTGTTAATAAAA 
G -3’ 
5’- GGCTGATTATGATCTAGAGTCGCGGCCGC -3’ 

pFS 406 pFS 393 
mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/P4A/S5A 

5’- CACCATGGCAGCAGCCGCATTG -3’ 
5’- GGCTGATTATGATCTAGAGTCGCGGCCGC -3’ 

pFS 407 pFS 394 
mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/L6A/L7A 

5’- CACCATGGCAGCACCCAGCGC -3’ 
5’- GGCTGATTATGATCTAGAGTCGCGGCCGC -3’ 

pFS 408 pFS 395 
mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/I8A/K9A 

5’- CACCATGGCAGCACCCAGCTTG -3’ 
5’- GGCTGATTATGATCTAGAGTCGCGGCCGC -3’ 
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ĽɔŞÚ��d�q6Áƛ7΅PrimeSTAR Mutagenesis Basal KitKɋ�*Άi�]l

pͪĴKŞÚ"*��d�qK͉Ĳ1"΅PCR0ȴĽɔKŞÚ"*ΆƉEH*Z���

7 DNAb�\�`1 ORFß4̂ő"*��P��Kɋ�/̀éKɰ̈"*. 

pFS 409 pFS 396 
mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/D10A/I11A 

5’- CACCATGGCAGCACCCAGCTTG -3’ 
5’- GGCTGATTATGATCTAGAGTCGCGGCCGC -3’ 

pFS 410 pFS 397 
mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/C12A/K13A 

5’- CACCATGGCAGCACCCAGCTTG -3’ 
5’- GGCTGATTATGATCTAGAGTCGCGGCCGC -3’ 

pKM 152 pKM 9 
mM2-B4GALNT1(N)-
GFP 

5’- CACCATGCGGCTAGACCGCCGGG -3’ 
5’- GGCTGATTATGATCTAGAGTCGCGGCCGC -3’ 

pKM 143 
pKM 
137 

mM2-B4GALNT1(N)-
GFP 
-R2A/R5A/R6A 

5’- CACCATGGCTCTAGACGCTGCTGCCC -3’ 
5’- GGCTGATTATGATCTAGAGTCGCGGCCGC -3’ 

pSU 212  

M3-
ST3GAL
5/ 
pcDNA3.
1zeo(+) 

mM3-ST3GAL5 
5’- CACCATGAGAAGACCCAGCTTGTTAATAAAA 
GA -3’ 
5’- GGATCCTCAGTGGATGCCGCCGCTG -3’ 

pKM 106 pKA 18 
mM3-ST3GAL5 -
R2A/R3A 

5’- CACCATGGCAGCACCCAGCTTGTTAATAAAA 
G -3’ 
5’- GGATCCTCAGTGGATGCCGCCGCTG -3’ 

pKM 89 pKM 1 mM2-B4GALNT1 
5’- CACCATGCGGCTAGACCGCCGGG -3’ 
5’- GGATCCTCACTCGGCGGTCATGCACTG -3’ 

pKM 142 
pKM 
136 

mM2-B4GALNT1 
- R2A/R5A/R6A 

5’- CACCATGGCTCTAGACGCTGCTGCCC -3’ 
5’- GGATCCTCACTCGGCGGTCATGCACTG -3’ 

pFS 588 
pSZ 8 
[34] 

mM3-ST3GAL5 -
N180Q 

5’- CACCATGAGAAGACCCAGCTTGTTAATAAAA 
GA -3’ 
5’- TTCAGTGGATGCCGCCGCTGAGGTCCTC -3’ 

pFS 589 
pSZ 9 
[34] 

mM3-ST3GAL5 -
N224Q 

5’- CACCATGAGAAGACCCAGCTTGTTAATAAAA 
GA -3’ 
5’- TTCAGTGGATGCCGCCGCTGAGGTCCTC -3’ 

pFS 590 
pSZ 10 
[34] 

mM3-ST3GAL5 -
N334Q 

5’- CACCATGAGAAGACCCAGCTTGTTAATAAAA 
GA -3’ 
5’- TTCAGTGGATGCCGCCGCTGAGGTCCTC -3’ 

pFS 593 
pSU 114 
[34] 

mM3-ST3GAL5 -
H177D/N180S 

5’- CACCATGAGAAGACCCAGCTTGTTAATAAAA 
GA -3’ 
5’- TTCAGTGGATGCCGCCGCTGAGGTCCTC -3’ 
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�CSII-CMV-RfA vector:6Z��±�[ 

pENTR-D TOPO vector4Z��±�["*��d�q1 CSII-CMV-RfA vectorKȡĒ

"΅LR clonase enzyme mix IIKȢó"/ LRĉƑ4DGʚƳ�K˧-*ΆƉEH*Z

���7ì͕͂ʕåɇK˧�΅NW��d]�͞ȍȗö0x�q`PeKɰ̈"*. 

 

Plasmid ͉Ĳ ORF Primers 

pFS 433 
pKM 
107 

mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/K9A 

5’- GTTAATAGCAGACATCTGCAAGTGCAC -3’ 
5’- ATGTCTGCTATTAACAAGCTGGGTGC -3’ 

pFS 434 
pKM 
107 

mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/K13A 

5’- ATCTGCGCCTGCACGTTGGTTGCATTT -3’ 
5’- CGTGCAGGCGCAGATGTCTTTTATTAA -3’ 

pFS 435 
pKM 
107 

mM3-ST3GAL5(N)-
GFP 
-R2A/R3A/K9A/K13A 

5’- GCAGACATCTGCGCCTGCACGTTGGTTGCATTT -
3’ 
5’- GGCGCAGATGTCTGCTATTAACAAGCTGGGTGC -
3’ 

pFS 481 
pKM 
144 

mM3-ST3GAL5(N)-
GFP 
-K9A/K13A 

5’- GCAGACATCTGCGCCTGCACGTTGGTTGCATTT -
3’ 
5’- GGCGCAGATGTCTGCTATTAACAAGCTGGGTCT -
3’ 

pFS 494 
pKM 
106 

mM3-ST3GAL5  
-R2K/R3K 

5’- CATGAAGAAACCCAGCTTGTTAATAAAA -3’ 
5’- TGGGTTTCTTCATGGTGAAGGGGGCGGC -3’ 

pFS 513 
pKM 
106 

mM3-ST3GAL5 -
R2A/R3A/K9A 

5’- GTTAATAGCAGACATCTGCAAGTGCAC -3’ 
5’- ATGTCTGCTATTAACAAGCTGGGTGC -3’ 

pFS 514 
pKM 
106 

mM3-ST3GAL5 -
R2A/R3A/K13A 

5’- ATCTGCGCCTGCACGTTGGTTGCATTT -3’ 
5’- CGTGCAGGCGCAGATGTCTTTTATTAA -3’ 

pFS 515 pSU 212 mM3-ST3GAL5 -R2A 
5’- CACCATGGCAAGACCCAGCTTGTTAAT -3’ 
5’- GGTCTTGCCATGGTGAAGGGTGGGCG -3’ 

pFS 516 pSU 212 mM3-ST3GAL5 -R3A 
5’- ATGAGAGCACCCAGCTTGTTAATAAA -3’ 
5’- GCTGGGTGCTCTCATGGTGAAGGGTGG -3’ 

pFS 512 pSU 212 
mM3-ST3GAL5 -
K9A/K13A 

5’- GCAGACATCTGCGCCTGCACGTTGGTTGCATTT -
3’ 
5’- GGCGCAGATGTCTGCTATTAACAAGCTGGGTCT -
3’ 

pFS 480 pKM 89 
mM2-B4GALNT1 
- C80S/C82S 

5’- AACAGCAGTTCTGAATCCAAGGGAGGAAG -3’ 
5’- TTCAGAACTGCTGTTGTTCTGAGCCAGCAG -3’ 



 
 

121 

 

ʘ˂ĵͶȕ 

CHO-K1ʘ˂ΐHam's F-12 

293Tʘ˂ΐhigh-glucose DMEM 

×́6ĵİ4ǘʙȰŹ 10%΃v/v΄FBS΅100 U/mL penicillin΅100 µg/ mL streptomycin

ORF pENTR-D TOPO CSII-CMV-RfA 

mM3-ST3GAL5(N)-GFP pKM 144 pKM 150 

mM3-ST3GAL5(N)-GFP-R2A/R3A pKM 107 pKM 129 

mM3-ST3GAL5(N)-GFP-R2A/R3A/P4A/S5A pFS 406 pFS 415 

mM3-ST3GAL5(N)-GFP-R2A/R3A/L6A/L7A pFS 407 pFS 416 

mM3-ST3GAL5(N)-GFP-R2A/R3A/I8A/K9A pFS 408 pFS 417 

mM3-ST3GAL5(N)-GFP-R2A/R3A/D10A/I11A pFS 409 pFS 418 

mM3-ST3GAL5(N)-GFP-R2A/R3A/C12A/K13A pFS 410 pFS 419 

mM3-ST3GAL5(N)-GFP-R2A/R3A/K9A pFS 433 pFS 440 

mM3-ST3GAL5(N)-GFP-R2A/R3A/K13A pFS 434 pFS 441 

mM3-ST3GAL5(N)-GFP-R2A/R3A/K9A/K13A pFS 435 pFS 442 

mM3-ST3GAL5(N)-GFP-K9A/K13A pFS 481 pFS 487 

mM2-B4GALNT1(N)-GFP pKM 152 pKM 155 

mM2-B4GALNT1(N)-GFP-R2A/R5A/R6A pKM 143 pKM 149 

mM3-ST3GAL5 pSU 212  pFS 311 

mM3-ST3GAL5 -R2A/R3A pKM 106 pKM 121 

mM3-ST3GAL5 -R2K/R3K pFS 494 pFS 495 

mM3-ST3GAL5 -R2A/R3A/K9A pFS 513 pFS 520 

mM3-ST3GAL5 -R2A/R3A/K13A pFS 514 pFS 521 

mM3-ST3GAL5 -R2A pFS 515 pFS 522 

mM3-ST3GAL5 -R3A pFS 516 pFS 523 

mM3-ST3GAL5 -K9A/K13A pFS 512 pFS 519 

mM2-B4GALNT1 pKM 89 pKM 91 

mM2-B4GALNT1- R2A/R5A/R6A pKM 142 pKM 148 

mM2-B4GALNT1- C80S/C82S pFS 480 pFS 486 

mM3-ST3GAL5 -N180Q pFS 588 pFS 594 

mM3-ST3GAL5 -N224Q pFS 589 pFS 595 

mM3-ST3GAL5 -N334Q pFS 590 pFS 596 

mM3-ST3GAL5 -H177D/N180S pFS 593 pFS 599 

Sec31-GFP pFS 556 pFS 562 
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0Ȣó"Ķǟĵİ1"*Ά5% CO2΅37�Ǣµ�4��/Ķǟĵİ0ĵͶ"*Ά 

Lipofectamine 20004DG̼¸ňŞÚ΃�̶ƒɝɅǮ6Á˯΄ 

ʄ 2ʂʄ 4ʉ6�Lipofectamine 20004DG̼¸ňŞÚ΃�̶ƒɝɅǮ6Á˯ �́1ēǹ

4˧-*Ά 

��kQP�ďǄȕ 

ʄ 1ʂʄ 4ʉ6���kQP�ďǄȕ�1ēǹ4˧-*Ά 

͐ư˥×ơ¿ȕ4DGʘ˂ßŢį6˺Ś 

ʄ 1ʂʄ 4ʉ6�͐ư˥×ơ¿ȕ4DGʘ˂ßŢį6˺Ś�1ēǹ4˧-*Ά 

êǛS�qg����V�i�yZ̖ Rab5-GFP 7 CellLight Early Endosomes-GFP 

BacMan2.0 reagentKɋ�/ɝɅ!&΅ơ GFPơ¿0Ƕæ"*Ά 

SDS-PAGEɋ˒ɐç̆ǆ6̌Ǆȕ 

ʄ 1ʂʄ 4ʉ6�SDS-PAGEɋ˒ɐç̆ǆ6̌Ǆȕ�1ēǹ4˧-*Ά 

ʐ͌èǇåɇ7 Endo H>*7 PNGase FKɋ�/ 37�0 60ç͐P�X���p"*Ά 

SDS-PAGE 

ʄ 1ʂʄ 4ʉ6�SDS-PAGE�1ēǹ4˧-*Ά 

QSdi�~�lnO�[ 

ʄ 1ʂʄ 4ʉ6�QSdi�~�lnO�[�1ēǹ4˧-*Ά 

Cycloheximide chase 

CHO-K1ōőɝɅǮ΃ST3GAL5 WT, R2A/R3A, R2K/R3K, K9A/K13A΄K Ham's F-12Ķ

ǟĵİ4 50 µg/mL0 cycloheximideKȢó"΅37�0 3Ǔ͐åɇK˧-*Ά^�p��

�1"/ cycloheximideȵȢóB˧-*Άî̧4ƈ� S̈́DS-PAGE1QSdi�~�ln

O�[K˧-*Ά 
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Figure 34K M3-ST3GAL5(N)-GFP4M2-B4GALNT1(N)-GFP6���)��<;@E6"�H�&�
��I

(A) �����<;@E6"�5�+1GFP 	>FA:$���BD=C?6���KTML�#%*
JRL
[r/k](X)[R/K]'�
(BJC) CHO-K1��5�&�5��,.J�GFP��3mM3-ST3GAL5(N)-GFPHWTJ���IJmM2-
B4GALNT1(N)-GFPHWTJ���I6�����9/808�(-1K��A>GF73
��6�(9!21K
Bar: 10 μm.

10 µm

10 µm
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M3-ST3GAL5(N)-GFP in transient expression
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Figure 35) M3-ST3GAL5(N)-GFP�������#"$%��


CHO-K1�����
�����(�GFP���mM3-ST3GAL5(N)-GFP&WT(���'����	�!� �
 ����)Bar: 10 μm.

10 µm
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M2-B4GALNT1(N)-GFP in transient expression
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Figure 36) M2-B4GALNT1(N)-GFP�������#"$%��


CHO-K1�����
�����(�GFP���mM2-B4GALNT1(N)-GFP&WT(���'����	�!� 
� ����)Bar: 10 μm.

10 µm
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Figure 37 M3-ST3GAL5(N)-GFP!M2-B4GALNT1(N)-GFP#������('*,#��/	
�
�0

(A1B) CHO-K1��"	
����1
GFP
� mM3-ST3GAL5(N)-GFP/WT1���01mM2-
B4GALNT1(N)-GFP/WT1���0#�����&�%�%
���2��+).-$3���#
�&���2
Bar: 10 μm.

10 µm

10 µm
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Figure 38) M3-ST3GAL5(N)-GFP�M2-B4GALNT1(N)-GFP�	�����#"$%��
&���
�'

(A(B) CHO-K1���������(�GFP���mM3-ST3GAL5(N)-GFP&WT(���'(mM2-
B4GALNT1(N)-GFP&WT(���'����
�!� � ����)Bar: 10 μm.
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Figure 393 M3-ST3GAL5(N)-GFP$������)(+-$��0	
��1

(A2B) CHO-K1��#	
����2�GFP��"mM3-ST3GAL5(N)-GFP0WT2���1$���
�'�&
�&��� 3
�,*/.%3���$
�'�! 3Bar: 10 μm.

10 µm

10 µm
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M3-ST3GAL5(N)-GFP in stable expression
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Figure 40( M3-ST3GAL5(N)-GFP�	�����"!#$��
%����&

CHO-K1���������'�GFP���mM3-ST3GAL5(N)-GFP%WT'���&����
� �����
���(Bar: 10 μm.
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Figure 419 R/K-based motif),-��M3-ST3GAL58��M2-B4GALNT1*�����1035*
��(1)

(A8B)CHO-K1��)�
��!#8�ST3GAL5��	+�B4GALNT1��(�������/� ���
��/$.%.
�"&9��4276+3
��*
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Figure 422 R/K-based motif&)*��M3-ST3GAL51��M2-B4GALNT1'�����.-/0'
��(2)

(A1B)CHO-K1��&	
���!1�ST3GAL5���(�B4GALNT1��%�������,�����

�,"+#+�� $2Bar: 10 μm.
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Figure 43# ��	ST3GAL5���B4GALNT1���

CHO-K1�����	ST3GAL5"���B4GALNT1������"
ST3GAL5
���
B4GALNT1
���
����
�!�������!� � ����#Bar: 10 μm.

10 µm
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Figure 44> R/K-based motif&� M3-ST3G5
05:6���/�%1�"(1)

(A) CHO-K1��/�
��')=�ST3GAL5��
.!������3�#�����3*2+2�
�(,>Bar: 10 μm.
(B) ST3GAL50��&��'2,��0$-=��4
;87<90���&��'2,��0	
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10 µm
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M3-ST3GAL5 (full length) in stable expression
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Figure 45; R/K-based motif!��M3-ST3GAL5+172���*� ,��(2)

CHO-K1��*�	��"$:�ST3GAL5��)
�/843965909�Rab7��(�������.�
������.%-&-�
#';Bar: 10 μm.

10 µm
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Figure 46E M3-ST3GAL5BWTD
��C2N��	�(�&2�%(1)

CHO-K1�!1����*-D"��4��+.ESB0��4#)D�(�����(-)DEndo H��(+E)D
PNGase F��(+F)�1�ST3G5��067:;A?@<=5A94#/.E
(A) �67:;A?@<=5A9��4�+.E
(B) �(�����2;A>8$'1
,3Endo H �;A>8$'2��4�+.E



 
 

136 

 

36.5
43
57

70
100
180
210
kDa

- +E +P - +E +P - +E +P

R2A/R3A
/K9A

R2A/R3A
/K13A

-

36.5
43
57
70
100
180
210

kDa

- +E +P - +E +P - +E +P

R2A R3A-

35

75

48

63

100
130
180

- +E +P - +E +P - +E +P
WT R2A/R3A-

- +E +P
K9A/K13A

kDa

35

75

48

63

100
130
180
kDa

- +E +P - +E +P
R2K/R3K-

Figure 47; M3-ST3GAL58WT:���9+N��
�"�!+� (2)

CHO-K1��*�
��$&:���,	�%';SB)��,�#:�"�����(-):Endo H��(+E):
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Figure 48A M3-ST3GAL5>WT@���?-�
�- �

M3-ST3G5>WT@���?050 μg/mL cycloheximide (CHX)���.(+C)@�%(-)*37℃*3 h��%@2367
=;<891=50�$7=:4!"0&/'/
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"0�)(A
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Figure 49tST3GAL5NB4GALNT1Q%*�	�QTNV

R/K-based motifRsST3GAL5PB@L�*���dbjqNHL�+I\NNWPsM3-ST3GAL5Qcqe�'
 dbjqNHL�+I\FND"�G]KtM2-ST3GAL5R5XCPcqe�CZpaggroS13G]\FNC
ZsR/K-based motifRN�#Q_nk:9�P�>^
E\N)AZ]\tGZPsR/K-based motifQ8��!
�D<�
N�0HL$=�6Q��D��G]\FNCZsM3-ST3GAL5Rcqe��M([2H4-13
G]$=��D7UN"�G]KtB4GALNT1RR/K-based motifY[W�,�efql`i&�PY\hamr�
�D�*���PY[;.M?\N)AZ]\DsJQ����R��M?[s�O\/�D�.M?\t
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M3-ST3GAL5 (full length) in stable expression
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� ǟɬɾ07΅GM3Ēƛ͂ʕ΃ST3GAL5΄1 GM2Ēƛ͂ʕ΃B4GALNT1΄6ōő"*

_�c¿Ţį÷4͑JGǿǸK˼Ǒ$G�1Kɣɠ1"/ʘ˂ß̡̩ǿǸ6˼ǦK˧�΅

³�6ʜǧ�ƉEH*Ά 

� ʄ·ʂ07΅�Qd ST3GAL56ʻ˔Ⱦɔɠ mRNA variant΃c1-type΄Kēő"΅ǌɪ

6mRNA variant΃a- b̈́-type΄1ɔ3G̞áìƊǿǸKB.�1KɱĢ"*Ά>*  ̈́ c1-

type�ˁɉǛ4ɝɅ&%΅ɉƆǓ͐ʛ̶1Ý4ɝɅ͇�ˡ"�×ǐ$G�1�E΅ʚʬȾ

ɔɠ4 mRNA variant6ìƊǿǸ�Ľ÷$Gď˅ƒKɱ"*[37]Ά 

� ʄΈʂ07΅M1-ST3GAL50˴EHGD�3 R-based motifKB.ʐ̞ɹ͂ʕ1"/΅

ǈ*4zp�D9�Qd B4GALNT1 6ǈ˵ mRNA variant΃variant 2΄Kēő"*Ά

variant 2�E7ǌɪ6 mRNA variant΃variant 1΄�Eʳ̃!HGM2-B4GALNT11ȋ

̠"/ʘ˂̖ͪĴ6͎�NPg}T��M1-B4GALNT1�Ēƛ!H M̈́1-B4GALNT16

ʘ˂̖ͪĴ4Ŋį$G R-based motif4DF�̿�̪˧̡̩!HG�1Kɱ"*Ά>*΅

M1-ST3GAL51ȋ̠"/M1-B4GALNT16̪˧̡̩õɄ7½� (̈́6ăĪ�ßˌÑçň

͇6ŀ�!4DG�1Kɱ"*Ά!E4΅R-based motif KB. M1-B4GALNT1 7 M2-

B4GALNT11�n�jP��KƁƛ$G�10΅M2-B4GALNT16ōőƒKĕ×!&G

�1Kɱ"*ΆM1/M2-B4GALNT1�n�jP��7ş˂¿:6̪˧̡̩7˧JH3��

1�E΅�6ōőƒ6ĕ×7_�c¿ʫɒ6ź͎4DGB61ɱĢ!H*[38]Ά  

� ʄΉʂ07 S̈́T3GAL5 �̈́D9 B4GALNT16ş˂¿�E_�c¿:6Ʒæb[r�1

!HG [R/K](X)[R/K]̀é6˼ǦK˧-*Άʘ˂̖ͪĴ6˒̬̔ͪĴ̥Ò4¼ʮ$G

[R/K](X)[R/K]̀é7 ş̈́˂¿�E_�c¿:6Ʒæb[r�1"/ǿ˅$G1ķę!H/

�*�[39]΅�6̀é�Û͎M3-ST3GAL5΅�D9Û͎M2-B4GALNT14ć=$ƂͦK

ʏǭ"*ʜǧ΅[R/K](X)[R/K]̀éDFB~��q3N�v̓̀é΃R/K-based motif΄�

ST3GAL5 1 B4GALNT1 6ş˂¿Ʒæ4͑�$G�1KǑE�4"*Ά!E4΅M3-

ST3GAL56 R/K-based motif6̿çĽɔ¿07΅ʘ˂ßŢį6Ľ÷΅ßˌÑͪĴ6 Nʜ
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ĒĲʐ͌6ƛȹŹ6Ľ÷΅�D9͂ʕ6ōőƒ6ȤŠ�ɉ#G�1K˴æ"*Ά�HE6

ʜǧ�E ʘ̈́˂̖ͪĴ6 R/K-based motif7ş˂¿Ʒæ6?3E% M̈́3-ST3GAL56ōő

"*_�c¿ʫɒǿǸ4Bͅ˲3ƃñKB.�1�ɱĢ!H*[40]Ά 

� ³×6�1�E B̈́4GALNT107̪˧̡̩b[r�1"/ǿ˅$G R-based motif�΅

ST3GAL5 07ş˂¿Ʒæb[r�1"/ǿ˅$G R/K-based motif �΅(H)H_�c

¿ʫɒǿǸ4Bŗ�"/�G1��ǈɪ˴�ƉEH*Ά"�"3�E΅ɅǓȴ07�6 R-

based motif �26D�4_�c¿ʫɒ4͑J-/�G�4.�/΅ƱȨ6ĴKæ/�3

�Ά�(E�΅�6b[r�̀é� COP�˫˳ş˂K¯"*_�c¿͐6̪˧̡̩K̉Ş

$G6+I�� ş̈́˂:6ɽ?̤?4͑JGçň327®ƆǑE�4"/��Ə˲��GΆ

>* ǟ̈́ɬɾ0ǑE�43-*ǘB˘ěȠ�ɪ˴7 ST3GAL54±ó$G NʜĒĲʐ͌6

ƛȹ4(6i�yZ̖˖̝6̪˧̡̩�Ə˲�B"H3�1���1+ΆN ʜĒĲʐ͌B

>*΅W�[�Ubq1ēǹ4_�c¿͐K̶̬$G̶ɺ0ʐ͌Ēƛ͂ʕʱ4DGĿȈ͗

6É͵KČ�GΆʐ͌ƛȹ΅.>F΅DF˰͛3ʐ͌Ēƛ6*A47_�c¿K�ĩ̶̬

"*+�07�ûç0�F΅ʐi�yZ̖6˰ǃĩ6_�c¿̶̬�Ə˲0�G�1Kɱ

Ģ"/�GΆ�6ăɇ7W�[�UbqĒƛ4B(6>>ƀ/7>F΅GM3C GM2³͔

6DF˰͛3ʐ͌Ǹ̮KB.W�[�UbqĒƛ6*A4Ķ̖0�Gˆ̖˖̝6̪˧̡̩

�Ə˲36�B"H3�Ά®Ɔ7�6D�3ʐ͌Ēƛ6ǰǟ4͑JGi�yZ̖�D9ˆ

̖6_�c¿͐6̪˧̡̩�V±e�K˼Ǒ$G�1�1/Bͅ˲0�GΆ 
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̢̏ 
 

ǟɬɾ6̲˧4Ŀŀ3G ƿƵK�*+�>"*Ǥøúɶˤɶŀŋɇ¥ �͎ŋ͎� ͽǬÕ

ǑÖɉ4Ƞ�Ɨ̏Ɏ"×�>$ 

ǟ̍ǅKʙ�G4�*F ʙ̈́Ņ ƪŞ  ̈́ͥƼK̕F>"*Ǥøúɶˤɶŀŋˤŋ̿ǿ˅

ɘƘçňŋǂœ� ¨vč­�ǂƮ΅�94ēúŋ̿ú÷ŋǂœ� ×ǡʸƐ̎Ű4Ƞ�Ɨ̏

KɎ"×�>$Ά 

ǟ̍ǅKÁƛ$G4�*F  ̈́ͽ͒  ̈́ô˾K̕F>"*Ǥøúɶˤɶŀŋˤŋ̿ʘ˂ì

Ɗŋǂœ� ͱŻĬǂƮ΅�94ˤğȽɇ÷ŋǂœ� ŧč˜ǽǂƮ4Ƞ�Ɨ̏KɎ"×�>

$Ά 

ǟɬɾK˧�4�*FĿŀ3 ô˾1 ýòK̕F>"*Ǥøúɶˤɶŀŋˤŋ̿ǿ˅

ɘƘçňŋǂœ� ͈ǜǑ̝ǂƮ΅ɼǴĥ�̾ãǂƮ΅ȐɴȃĞ̎Ű΅ɀ͆˭ʴôǂ΅Üɵ

Ý4Ŀŀ3 ô˾1 ýòK̕F>"*Ǥøúɶˤɶŀŋˤŋ̿ǿ˅ɘƘçňŋǂœ� Ǽ

ǡ>2�Éļ΅̑ũ��Gÿļ΅ǈɌǏŀÿļ΅̑ȮɲʰŃĐ΅ĭţ͸ʬŃĐ�94˕Ǔ

ʺĠ6ɡǹ΅̀ťɉ6ɡǹ4Ƞ�Ɨ̏KɎ"×�>$Ά 

� ŋ¼KċƉ$G4�*F΅ʙŅ˴ŌF΅ʏɳɠƿƵK̕F>"*ŕǋ�Ĉ¬4Ǝ�EƗ

̏KɎ"×�>$Ά 

 

ǘƆ4΅ǟɬɾ6*A4ŝ�ɉĝK�*+�>"*�Qd4Ƞ�Ɨ̏�*">$Ά 
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