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GM3 a-2,3-sialyltransferase ST3GAL5  GM2 b-1,4 

N-acetylgalactosaminyltransferase B4GalNAcT1 B4GALNT1
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6 8

Fig. 1A GM3

GM3 ST3GAL5

lactosylceramide LacCer

GM2

B4GALNT1

GM3 GD3 GT3 LacCer N- N-

acetylgalactosamin GalNAc GM2 GD2 GT2 GA2 Fig. 

2B   

[4-7]

± [8]  

GM3
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HL60

[9] GM3 baby hamster 

kidney BHK basic fibroblast growth factor bFGF

human epidermoid carcinoma A431 epidermal 

growth factor EGF [10]  

×

Fig. 1B

[11,12,1,13,14]  

GM3

Zucker fa/fa ob/ob

ST3GAL5 GM3

[15] ST3GAL5

[16] GM3 glucosylceramide

GlcCer D-PDMP

[17,18] GM3 2

GM3

×

GM3 ×

× GM3

[19,20]  
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GM3 ST3GAL5

×

ST3GAL5

GM3

[21,22]

B4GALNT1

[23-25] ST3GAL5 B4GALNT1

ST3GAL5/B4GALNT1

[26] ST3GAL5

a- b-

o- Fig. 2 o-

ST3GAL5/B4GALNT1

ST3GAL5 o-

a- b- B4GALNT1

GM3 GD3 SM3

 

salt-and-pepper
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ST3GAL5 [27-

30] ST3GAL5 GSLs

20

ST3GAL5

B4GALNT1

7 ±

±

[31-33]

 

 

ST3GAL5

L S VS ST3GAL5

N

 N Asn-

X-Ser/Thr Asn N

X Ser Thr ±

high mannose hybrid complex

ST3GAL5

3 180N 224N 334N N

[34]  
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ST3GAL5 2 mRNA a-type

b-type mRNA a-type b-type

GM3

mRNA

ST3GAL5

a-type N 3 M1-ST3GAL5

69 aa M2-ST3GAL5 42 aa M3-ST3GAL5 14 aa N

b-type 2 M2-ST3GAL5 M3-

ST3GAL5 [35] Fig. 3 ST3GAL5 M1-ST3GAL5

M2-ST3GAL5 M3-ST3GAL5 M1-ST3GAL5

M2-ST3GAL5 M3-ST3GAL5

M1-ST3GAL5 M1-ST3GAL5

- R-based motif [35] R-

based motif II

[36] ST3GAL5

[35] ST3GAL5

M1-ST3GAL5 GM3

M3-ST3GAL5

GM3 ±

COP
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 GM3 mRNA a-type b-type

GM3

mRNA c-type [37]  

2 B4GALNT1 mRNA variant 2

mRNA R-based motif M1-B4GALNT1

R-based motif M2-B4GALNT1

M1-B4GALNT1 M2-B4GALNT1

×

B4GALNT1

R-based motif [38]  

ST3GAL5 B4GALNT1

[R/K](X)[R/K]

[R/K](X)[R/K]

[39] M3-ST3GAL5 M2-B4GALNT1

[R/K](X)[R/K] R/K-based motif

ST3GAL5 B4GALNT1 R/K-based motif

M3-

ST3GAL5 R/K-based motif

N

R/K-based motif M3-

ST3GAL5 [40]  

× B4GALNT1 R-based motif

ST3GAL5 R/K-based motif
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 GM3 mRNA  

  

GM3 ST3GAL5

ST3GAL5-KO ST3GAL5-Exon3-KO

ST3GAL5-Ex3-KO Ex3 ST3GAL5-Exon5-KO ST3GAL5-

Ex5-KO Ex5 Fig. 4 [41,16]

L 5 Exon5 Ex5

Neo ST3GAL5-Ex5-KO

ST3GAL5-Ex5-KO GM3

[16] Ex3 Neo ST3GAL5-Ex3-

KO T GM3

[21,22,42] ST3GAL5 Ex5 Ex3 GM3

ST3GAL5-Ex3-KO

ST3GAL5-Ex3-KO GM2

GM3 ST3GAL5-Ex5-KO

GM3 GM2  

GM3

a-type b-type mRNA

[35] mRNA

ST3GAL5

cDNA  

ST3GAL5 mRNA a-type

b-type [43,44] a-type Ex1 M1

± Ex3 M2 M3

b-type Ex2 a-type

M2 M3 [35] M2 M3 Ex3
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Neo a-type GM3

b-type

a-type b-type mRNA   

totalRNA 5’-RACE

mRNA c-type

 

× a-type b-type

GM3 c-type

c-type

Ex3-KO GM3

[37]  
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 ST3GAL5-Ex3-KO  

Ex3-KO

GM2 GM3

Ex3-KO GM2 50%

SM3 SM2a

Ex3-KO LacCer o- GA2 Fig. 5A Ex3-KO

LacCer GA2 SM3 SM2a GM3

GM2 GM3

 

Ex3-KO GM3

a- b- c- GM1 GD1a GD1b GT1b

Ex3-KO LacCer o- GM1b GD1a

SM1a LacCer GA2

GA1 Ex3-KO Fig. 5B GM3

 

 ST3GAL5-Ex3-KO mRNA a-type b-type  

ST3GAL5 mRNA a-type

b-type Fig. 6A a-type Ex1

Ex2 Ex1 Ex3 Ex1

Ex4 F1-primer R4-primer PCR 321bp

b-type Ex2 Ex3

Ex2 Ex4 F2-primer R4-primer PCR

265bp Ex3 Neo Ex3-KO
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Neo a-type Ex1 Ex4 b-type

Ex2 Ex4 F1- R4-primer 197bp

a-type-/- F2- R4-primer 141bp b-type-/-

 

Ex3-KO cDNA F1- F2- R4-primer

RT-PCR a- b-type mRNA

Fig. 6B a- b-type a-type

PCR

[35] Ex3-KO a-type-/- b-type-/- a-type-/-

Ex3-KO ST3GAL5

mRNA Neo a-type-/- b-type-

/- a-type-/- b-type-/-

GM3 ST3GAL5

 

 ST3GAL5 mRNA c-type  

Ex3-KO GM3 Neo Ex3

GM3 mRNA

NCBI Gene https://www.ncbi.nlm.nih.gov/gene

ST3GAL5 mRNA Fig. 7

mRNA ExX1 ExX2 mRNA

mRNA

Ex1 a-type a1- a2- a3- a4-type Ex2 b-type b1- b2-type

ExX2 c-type c1- c2-type Ex1 × Ex2

ExX1 d-type  

Ex4 4 a3- a4- b2- c2-type

Ex.4 GM3
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ST3GAL5 mRNA

a1- a2- b1- c1- d1-type Ex3

mRNA ST3GAL5 ORF c1-type

c1-type ExX2 ST3GAL5

Ex3 M2 M3

Neo Ex3 Ex3-KO mRNA c1-

type-/- ExX2 M*

N

ST3GAL5 M* Fig. 8A B c1-

type Ex3-KO cDNA

ExX2 Ex4 FX-primer R4-primer RT-PCR

261bp Ex3-KO 137bp Fig. 8C

D mRNA c1-type

Ex3-KO ST3GAL5 mRNA Neo

c1-type-/- Ex3-

KO M*-ST3GAL5  

c1-type

cDNA PCR

Fig. 9A   

14.5 10 14 6 25

cDNA mRNA PCR Fig. 

9B 14.5 a-type c1-type

× ST3GAL5

 

 ST3GAL5 mRNA c1-type
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c1-type Transcriptional start sites TSSs

totalRNA 5’-RACE c1-type 5’

34 Fig. 10 M*

× 34 1 ×

c1-type M*-ST3GAL5 c1-type

 

 M*-ST3GAL5 in vivo  

M*-ST3GAL5 in vivo GM3 Ex3-KO

MEFST3GAL5-/- mouse embryonic fibroblasts M3-ST3GAL5

M*-ST3GAL5 ST3GAL5

Fig. 11A M3-ST3GAL5 M*-ST3GAL5

M*-ST3GAL5 M3-ST3GAL5

Fig. 11B MEF ST3GAL5-/-

o- GM1b

GlcCer LacCer Gb3 Gb4 MEF ST3GAL5-/- M3-ST3GAL5

M*-ST3GAL5 a-

GM3 GM2 GM1 GD1a LacCer Gb3 Gb4

M3- M*-ST3GAL5 M*-

ST3GAL5 in vivo M3-ST3GAL5  

ST3GAL5 N

[35] M*-ST3GAL5 N M3-ST3GAL5

Fig. 8B MEF ST3GAL5-/- M*-ST3GAL5 ST3GAL5

Fig. 11C MEF ST3GAL5-/- ST3GAL5

M3-ST3GAL5 M*-ST3GAL5

GM130
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M*-ST3GAL5 M3-ST3GAL5
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ST3GAL5-Ex3-KO GM3

mRNA

 

H2A H2B H3 H4

H3 4

K H3K4me1 H3K4me3

[45,46]

ChIP-seq ChIP-seq

chromatin immunoprecipitation: ChIp

DNA

×

ChIP-seq encyclopedia of 

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

atlas.org/) ×  

ST3GAL5 ENCODE

https://www.encodeproject.org 14.5 E14.5

8 8w 24 24w H3K4me3 ChIP-seq USCS 

genome browser https://genome.ucsc.edu Fig. 12

a-type b-type TSSs Ex1 Ex2 H3K4me3

 ExX2 H3K4me3 8

BAT

H3K4me1



 
 

22 

H3K4me3 USCS genome browser H3K4me1

ChIP-seq Fig. 13 E14.5 H3K4me1

Ex1 ExX2 Ex4 8

ST3GAL5 × ST3GAL5

ChIP-seq H3K4me3 H3K4me1 PCR

a- b-type c-type

 

TFBIND tfbind.hgc.jp [47]

c-type TSSs 5 '× 200bp

Fig. 14

C/EBP CCAAT/ [48]

DBP D-site of albumin 

promoter binding protein 5'–(A/G)TTA(C/T)GTAA(C/T)-3' [49-

51] TFBIND  

ST3GAL5

  



 
 

23 

  

 

RNAlater Solution : Ambion 

RNeasy Lipid Tissue Mini kit : QIAGEN 

RNeasy Mini kit : QIAGEN 

QIAzol Lysis Reagent : QIAGEN 

±  (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 :  

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 

 

 

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% /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 

 

 

 



 
 

25 

ST3GAL5 (C-term) : ST3GAL5 C 51 rabbit

 

b-actin  : SIGMA 

 

 

rabbit IgG HRP  : GE Healthcare 

mouse IgG HRP  : GE Healthcare 

 

 

ST3GAL5 (9129) : ST3GAL5 326 rabbit

 

KDEL  : StressGen Bioreagents 

GM130  : BD Bioscience 

 

 

mouse IgG Alexa 594 (Alexa Fluor 594) : Invitrogen 

rabbit IgG Alexa 488 (Alexa Fluor 488) : Invitrogen 

 

C57BL/6 KK/TaJcl St3gal5+/+ St3gal5

St3gal5-/- St3gal5-Ex3-KO KK/TaJcl

20 x 30 x 15 cm 23

2 60 2% 12 7

CE2 ;  
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mRNA variant  

17 KK/TaJcl St3gal5+/+ St3gal5-/-

5 mm RNAlater Solution 4

1 2 ml ± ± QIAzol 1 ml

Micro Smash MS-100 TOMY

4000 rpm 30 2 5

200 µl 2 4

12,000 x g 15 × 600 

µl 70% RNeasy lipid tissue mini kit

RNeasy lipid tissue mini kit

total RNA total RNA NanoDrop 2000 Thermo 

Scientific 260 nm  

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

Basel, Switzerland) total RNA 2.5 µg 10x reaction buffer 5 µl 25 mM 

MgCl2 10 µl Deoxynucleotide Mix 5 µl RNase free water 43.2 µl

65 5 RNA RNase 

Inhibitor 1 µl AMV Reverse Transcriptase 0.8 µl 37 10 42 60

95 5 cDNA

 

PCR KOD FX polymerase (TOYOBO) LifeECO( )

KOD FX  

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’ 

PCR 50 ng cDNA 94 2 98 10 a/b/c 59/60/61

30 68 20 26  

Plasmids 

±  

 

pGEM-T Easy vector ±  

cDNA PCR

A pGEM-T Easy vector

T/A cloning DNA Applied Biosystems 

3130 Thermo Fisher Scientific ORF

. 

 

 

pENTR-D TOPO vector ±  

pGEM-T easy vector ± PCR

pENTR-D TOPO vector topo cloning

DNA ORF

. 

 

 

Plasmid  ORF Primers 

pFS 615 
St3gal5-Ex3-KO

cDNA 
M*-
ST3GAL5 

5’- ATGTCCTTGGCTGGACACGTTC -3’ 
5’- GGTTTGCCGTGTTCCGAGTTC -3’ 
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CSII-CMV-RfA vector ±  

pENTR-D TOPO vector ± CSII-CMV-RfA vector

LR clonase enzyme mix II LR

. 

 

Real-time PCR 

C57BL/6 × mRNA 

variant total RNA cDNA

RNeasy Lipid Tissue Mini kit RNeasy Mini kit

Real-time PCR 2×TaqMan Universal Master Mix (Applied Biosystems)

7500 Real-Time PCR system (Applied Biosystems) TaqMan PCR

Applied Biosystems  

a-type 

probe 

5’-TGCCGAGCAATGCCAA-3’ 

primers 

5’-TGCGAAGCCAAGCAGCG-3’ 

5’-AGCAATCACTTCTCAGCTTTG-3’ 

Plasmid  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 

 

5’-RACE analysis 

SMARTer RACE 5’/3’ Kit × mRNA variant

KK/TaJcl St3gal5+/+ total RNA SMARTer RACE 

5’/3’ Kit  

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

RNase inhibitor 0.5 µl 100U SMART Scribe Reverse Transcriptase 2 µl

total RNA 1 µg 5’-CDS Primer A 1 µl Sterile H2O

11 µl 72 3 42 2 RNA

total RNA × SMARTerII A 

Oligonucleotide 1µl 42 90 70 10

4 Tricine-EDTA buffer 10 µl 5’-RACE ready 

cDNA  

primary PCR 1.25 µl 5’-RACE ready cDNA KOD-FX Neo polymerase

25 µl 94 2 98 10 68 1 30 45

 

primary PCR  

10x UPM 
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5’-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3’ 

5’GSP 

5’-GATTACGCCAAGCTTGCATTGCTGTGTGAGTAGAGGTGTCGAGAAATCC-3’ 

Sterile H2O 50 2.5 µl KOD-FX Neo 

polymerase 25 µl secondary PCR 94 2 98

10 52 30 68 1 30 35  

secondary PCR  

UPM-short : 5’-CTAATACGACTCACTATAGGGC-3’ 

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

PCR 10 µl 200 bp

PCR 5 µl cloning enhancer 2 µl 37 20

80 15 cloning enhancer RACE products RACE 

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

Sterile H2O 10 µl 50 15

± 2.5 µl Stellar Competent Cell 50 µl

DNA Applied Biosystems 3130 Thermo 

Fisher Scientific M13F-primer : 5’-GTTTTCCCAGTCACGACGTT-3’ M13R-

primer : 5’-GGAAACAGCTATGACCATGA-3’ . 

 

Mouse embryonic fibroblasts derived from St3gal5-Ex3-KO mice (MEF-/-) low-

glucose DMEM 

293T high-glucose DMEM 

× 10% v/v FBS 100 U/mL penicillin 100 µg/ mL streptomycin

5% CO2 37  
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poly-L-lysine 60 mm dish 293T 0.5 x 106 37 5%CO2

24 Lipofectamine 2000 reagent 10 µl

 

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

RfA): 3 µg 

pCAG-HIVgp : 1.5 µg 

pCMV-VSV-G-RSV-Rev : 1.5 µg 

37 5%CO2 16 10 µM forskolin high-glucose 

DMEM  4 mL 37 5%CO2 24

32 5%CO2 24 200 x g 3 × 0.45 µm

-80  

 

60 mm dish MEF-/- 50-60%confluency

4 ml 32 5%CO2 24 low-glucose DMEM

37 5%CO2 1

CELLBANKER 1 -80  

SDS-PAGE  

PBS 2 400 µl buffer A ±

4 1,000 x g 3 × total cell 

lysates 4 100,000 x g 60

integral membrane protein fraction ×

5% βMe 2x SB 5

37 5 2
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PNGase F 37 1

BCA protein assay kit total cell lysates BCA

 

SDS-PAGE 

Laemmli 4%

7.5-12% ±

20 mA 30 mA

Prestained XL-Ladder  

 

SDS-PAGE 10 PVDF transfer 

buffer 5 Trans-

blot SD BIO-RAD 10 V 30 PVDF ×

PVDF blocking buffer 20

blocking buffer 1:1000 60

TBS-T 1:20000 60

ST3GAL5 C-term Can Get Signal Immunoreaction Enhancer Solution 1

1:1000 ECL Select kit LAS-3000 FUJIFILM

TBS-T 10 3  

 

70% confluency PBS 2 15

3.7% formaldehyde in PBS 0.5% 

SDS in PBS 0.5% Triton X-100 in PBS 5 permeabilized

Image-iT FX Signal Enhancer 30

1% BSA in PBS 1:100 60 1% 
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BSA in PBS 5 µg/ml 30 ProLong Gold 

antifade reagent

PBS 3 3

FV1000, Olympus  

 

 

KK/TaJcl St3gal5+/+ St3gal5-/-

FDU-2200 EYELA  

 

150 mm dish 90%confluency Saline 2 8 ml

Saline 15 ml 1,000 x g 5

×  

× CHCl3/MeOH 1/1 v/v 8 ml 5

± 40 60 2,000 rpm 5

×

CHCl3/MeOH 1/2 v/v 6 ml

CCA-1111 EYELA

CHCl3/MeOH/H2O 30/60/8 v/v/v DEAE-Sephadex A-25

5 CHCl3/MeOH/H2O 30/60/8 v/v/v

CHCl3/MeOH/1M AcONa 30/60/8 v/v/v

5 ml 0.1N NaOH in MeOH 40 120

1N HCl in MeOH 6 ml 50 mM NaCl Sep-Pak Plus 

C18 40 ml 10 ml MeOH 10 

ml CHCl3/MeOH 2/1 v/v
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CCA-1111 EYELA MeOH

 

BCA protein assay kit

BCA

5 ml 0.5N NaOH  

 

TLC CHCl3/MeOH

1/2 v/v TLC

CHCl3/MeOH/0.2%CaCl2 55/45/10 v/v/v CHCl3/MeOH/H2O 60/25/4

v/v/v TLC

100  
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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
E14.5:�
14.5�2P10 : 
�10�2P14 : 
�14�26W : 6��225W : 25��2F : �2M : �
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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
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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
3K

4m
e3

H
3K

4m
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



 
 

45 

  

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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 R-based motif B4GALNT1

 

  

GM3 ST3GAL5 N

N

 

ST3GAL5 TSSs  3 mRNA a-

b- c-type Kozak ±

AUG GCCGCC(A/G)CCAUGG Kozak sequence

× [53] mRNA AUG

AUG

± AUG

±

[53] ST3GAL5 ± mRNA N

a-type M1 M2 M3 3

b-type M2 M3 2 Fig. 3

[35] c-type a- b-type

b-type M2 M3 3 N

Fig. 3 GM3

M1-ST3GAL5

± R R-based motif

M2-ST3GAL5

M3-ST3GAL5 GM3

[35]   
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R-based motif

ST3GAL5 GM3

CMP-

LacCer

GM3 M1-ST3GAL5

ST3GAL5

±

×  

 R-based motif GM2

B4GALNT1, GM2/GD2/GT2/GA2 synthase R-based motif B4GALNT1

 

B4GALNT1

Fig. 2B NCBI EST clone

B4GALNACT1 B4GALNT1 mRNA

(variant 2 ) variant 2

M1-B4GALNT1 M1-B4GALNT1 M2-

B4GALNT1 M2-B4GALNT1 M1-B4GALNT1

× M1-/M2-B4GALNT1

[38]
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 B4GALNT1 mRNA variant 2  

N

B4galnact1 mRNA

 

B4GALNT1 hB4GALNT1 mRNA TSSs Ex1a Ex1b Ex1c

3 variant 1a 1b 1c

Ex2 M2  

hM2-B4GALNT1 [54] NCBI-BLAST

https://blast.ncbi.nlm.nih.gov/Blast.cgi M2 ×

EST variant 1a 1b 1c

4 EST DC30908 DC341828 DC400781 DC302562

EST Ex1a 1b 1c Ex1c Ex2

Ex2 5’× Ex2’ Ex2’ TSSs

mRNA variant 2 Fig. 15A Fig. 16 Ex2’ M2 ×

M1 B4GALNT1 hM1-B4GALNT1

variant 2  

B4GALNT1 mB4GALNT1 hB4GALNT1 mRNA 

variant 2 25 EST  mB4GALNT1 mRNA

variant 1 Ex2 M2 mM2-

B4GALNT1 [55,56] EST

Ex1 Ex2 Ex2 5’×

Ex2’ Ex2’ TSSs mRNA variant 2 Fig. 15B Fig. 17

Ex2’ M2 × M1
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B4GALNT1 mM1-B4GALNT1 variant 2

 

variant 2 GM2

totalRNA cDNA

RT-PCR Fig. 15C variant 2

B4GALNT1 variant 2

18.5 5% 9.4 2.7% 11.2

2.3% variant 2 GM2

293T

HAP1 totalRNA cDNA PCR

Fig. 15D variant 2 13.5 0.44%

RT-PCR B4GALNT1  

variant 2 4.3 0.5% 3.2 0.4% 293T 1.0

0.2% HAP1 1.1 0.07%  

 B4GALNT1 mRNA variant 2  

B4GALNT1 mRNA variant 2 TSSs

totalRNA 5’-RACE

variant 2 5’

Fig. 17 Ex1 × TSSs Ex2

variant 2

Ex1c-Ex2 hB4GALNT1

hB4GALNT1 mRNA variant2

293T HAP1  

 B4GALNT1 M1-B4GALNT1  

B4GALNT1 mRNA variant 2 B4GALNT1
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hM1-B4GALNT1 mM1-B4GALNT1 N

Fig. 18 M2-B4GALNT1 N 6 

aa hM1-B4GALNT1 83 aa mM1-B4GALNT1 42

aa hM1-B4GALNT1 M1

4 6 7 mM1-B4GALNT1 8 11 12 13 14

± M1-ST3GAL5 R-based motif

 

 B4GALNT1  

B4GALNT1 mRNA variant 2 ± M1- M2-

B4GALNT1  mRNA variant 2

M1 ACCGAGAUGT GCCGAGAUGG

AUG 3 -3 purine A G

mRNA variant 2 M1

±

Kozak sequences ks GCCACC [53,35]

ks-hM1-B4GALNT1-FLAG ks-hM2-B4GALNT1-FLAG ks-

mM1-B4GALNT1-FLAG ks-mM2-B4GALNT1-FLAG CHO-K1

Fig. 19A

PNGase F FLAG

Fig. 19B C hM1- hM2- mM1- mM2-B4GALNT1-

FLAG 57.1 49.6 52.6 51.0 kDa

mRNA variant 2

hM1-B4GALNT1-FLAG* mM1-B4GALNT1-FLAG*

hM1-B4GALNT1-FLAG* ks-hM1-B4GALNT1-FLAG

57.1 kDa mM1-B4GALNT1-

FLAG* ks-mM1-B4GALNT1-FLAG 52.6 kDa
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× B4GALNT1 mRNA 

variant 2 M1-B4GALNT1 ± M2-

B4GALNT1  

 M1-B4GALNT1(N)-GFP R-based motif

 

M1-B4GALNT1 RR RXR R-based motif

R-based motif

[57] R-based motif R

ST3GAL5 30

[35] R-based motif

hM1- hM2- mM1- mM2-B4GALNT1 TM N

green fluorescent protein GFP

hM1- hM2- mM1- mM2-B4GALNT1(N)-GFP  CHO-K1

Fig. 20A GFP

Fig. 20B hM1- hM2- mM1- mM2-

B4GALNT1(N)-GFP 39.5 31.5 37.9 33.6 kDa 40.0

28.0 38.0 30.0 kDa  

 CHO-K1 GFP GFP

R-based motif hM2- B4GALNT1(N)-

GFP mM2-B4GALNT1(N)-GFP

GM130

R-based motif hM1-B4GALNT1(N)-GFP mM1-

B4GALNT1(N)-GFP

KDEL Fig. 21A B Fig. 22 Fig. 23 Fig. 

24 × M1-B4GALNT1 N R-based motif
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± R hM1-B4GALNT1(N)-GFP 

R-based motif 4

6 7 R S hM1-B4GALNT1(N)-GFP-R4S

-R6S -R7S 6 7

R S hM1-B4GALNT1(N)-GFP-R6S/R7S

4 6 7 R S hM1-B4GALNT1(N)-GFP-

R4S/R6S/R7S Fig. 21A 24 ×

4R6R7R hM1-B4GALNT1(N)-GFP

 

mM1-B4GALNT1(N)-GFP 8 11 12 13 14 R S

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

R11S/R12S/R13S/R14S mM1-B4GALNT1(N)-GFP-

R8S mM1-B4GALNT1(N)-GFP-R11S -R12S

-R13S -R14S mM1-B4GALNT1(N)-GFP-

R11S/R12S/R13S/R14S Fig. 21B 23 ×

11R12R13R14R mM1-B4GALNT1(N)-GFP

 

 B4GALNT1 R-based motif  

M1-B4GALNT1(N)-GFP R-

based motif B4GALNT1 hM1-

B4GALNT1-FLAG hM1-B4GALNT1-FLAG- R4S/R6S/R7S hM2-B4GALNT1-

HA CHO-K1 Fig. 25A Fig. 26

FLAG HA

hM1-B4GALNT1-FLAG GM130 KDEL

R-based motif hM1-B4GALNT1-FLAG- R4S/R6S/R7S

hM1-B4GALNT1-FLAG
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R-based motif hM2-B4GALNT1-HA

M1-ST3GAL5 R-based motif

hM1-B4GALNT1-FLAG

M1-ST3GAL5  

mM1-B4GALNT1-FLAG mM1-B4GALNT1-FLAG-R11S/R12S/R13S/R14S

mM2-B4GALNT1-HA CHO-K1 Fig. 25B

Fig. 26 FLAG HA

 mM1-B4GALNT1-FLAG

R-based motif mM1-B4GALNT1-FLAG-R11S/R12S/R13S/R14S

R-based motif mM2-B4GALNT1-HA

× mM1-B4GALNT1-

FLAG R-based motif

 

 B4GALNT1 FLAG HA

mM1-B4GALNT1 mM2-B4GALNT1

CHO-K1 mB4GALNT1

9535Ex_ProteinA Fig. 27 mM1-B4GALNT1

mM2-B4GALNT1 mM1-

B4GALNT1-FLAG mM2-B4GALNT1-HA

B4GALNT1  

 B4GALNT1 in vivo  

hB4GALNT1 in vivo CHO-K1

hM1-B4GALNT1-FLAG hM2-B4GALNT1-FLAG

CHO-K1 GM2

GM2

PNGase F FLAG
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Fig. 27A hM1- hM2-B4GALNT1-FLAG

TLC Fig. 27B CHO-K1 hM1-

B4GALNT1-FLAG hM2-B4GALNT1-FLAG

GM3 a- GM2 GD1a

LacCer Gb4 hM1- hM2-B4GALNT1-FLAG

hM1-B4GALNT1-FLAG in vivo

hM2-B4GALNT1-FLAG  

 M1/M2 B4GALNT1

 

B4GALNT1 mRNA variant 2 M1-

B4GALNT1 M1-B4GALNT1 M2-

B4GALNT1 Fig. 15C

D M2-B4GALNT1 80C82C

[58] M1/M1 M2/M2 M1/M2

M1- M2-B4GALNT1

hM1-B4GALNT1-FLAG hM2-

B4GALNT1-HA CHO-K1  

/ b-Me(+)/b-Me(-) PNGase F FLAG

HA Fig. 29A hM1-B4GALNT1-

FLAG 68.2 kDa hM2-B4GALNT1-HA 60.2 kDa

CHO-K1  b-Me(-) 150 kDa M1/M1

125 kDa M2/M2 hM1-B4GALNT1-FLAG

hM2-B4GALNT1-HA FLAG HA
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130 kDa M1/M2

hM1-B4GALNT1-FLAG hM2-B4GALNT1-HA

b-Me(+)

 

hM1-B4GALNT1-FLAG hM2-B4GALNT1-HA

FLAG HA Fig. 29B Fig. 

30 hM1-B4GALNT1-FLAG

hM2-B4GALNT1-HA

× M1/M2

M1/M1

M1/M2  

M1/M2 hM1-

B4GALNT1-FLAG hM2-B4GALNT1-HA

CHO-K1 cycloheximide CHX 5 CHX

PNGase F FLAG

HA Fig. 29C D CHX B4GALNT1

100% CHX hM1-

B4GALNT1-FLAG 58 12% hM2-B4GALNT1-HA 30 11%

hM1-B4GALNT1-FLAG 51 17% hM2-B4GALNT1-HA 55 6%

hM2-B4GALNT1-HA hM1-B4GALNT1-FLAG

hM1-B4GALNT1-FLAG ×

M1/M2 hM2-

B4GALNT1-HA ×
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B4GALNT1

GM3

ST3GAL5 N 3 M1-

M2- M3-ST3GAL5 [35] ST3GAL5

N

M1-ST3GAL5

R-based motif 11R12R17R 2 R 11R12R 11R[X]417R 12R[X]417R

M1-ST3GAL5

LacCer CMP- GM3

O- OFUT1

KDEL

OFUT1

[59] M1-ST3GAL5 GM3

M1-

ST3GAL5 GM3 M1-

ST3GAL5 GM3

[35]  

NCBI EST

B4GALNT1 mRNA (variant 2) Fig. 15 Fig. 16

Fig. 17 variant 2 M2-B4GALNT1

N M1-B4GALNT1 Fig. 18

M2-B4GALNT1 N 6 aa hM1-B4GALNT1 81 aa mM1-

B4GALNT1 40 aa hM1- mM1-B4GALNT1 N

M2-B4GALNT1 R-based motif

GFP hM1-B4GALNT1(N)-GFP mM1-B4GALNT1(N)-
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GFP R-based motif

R-based motif COP ± b-COP d-COP

COP

[36] hM1-B4GALNT1(N)-GFP 4RX6R7R mM1-

B4GALNT1(N)-GFP 11R12R13R14R R-based motif Fig. 20

Fig. 21 Fig. 22 Fig. 23 hM1-B4GALNT1 mM1-B4GALNT1

hM1-B4GALNT1-R4S/R6S/R7S

mM1-B4GALNT1-R11S/R12S/R13S/R14S hM1-

B4GALNT1 mM1-B4GALNT1 R-based motif

Fig. 25 Fig. 26 Fig. 27  

R-based motif

[57] function distance R-based motif

mST3GAL5 11R12R 11R[X]417R 12R[X]417R

30 aa 45 aa 53 aa [35] M1-B4GALNT1 R-

based motif

R-based motif mM1-

B4GALNT1 8R 11R 12R 13R 14R R-based motif

function distance mM1-B4GALNT1(N)-GFP-

R11S -R12S -R13S -R14S Fig. 21B

mM1B4GALNT1(N)-GFP-R8S 8R

Fig. 21B 11R12R13R14R 28 aa

R-based motif mM1-B4GALNT1(N)-GFP

RRR RXR RR RRRR  hM1-B4GALNT1

11R12R13R14R 51R 53R 32 30 aa

Fig. 18 mM1-B4GALNT1(N)-GFP function distance 51RX53R
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hM1-B4GALNT1 75 aa 4RX6R7R

hM1-B4GALNT1(N)-GFP-R4S -R6S -R7S

RR RXR R(X)2R

Fig. 21A hM1-B4GALNT1(N)-GFP-R6S/R7S

R

8 K 12 R

× R-based motif

 

R-based motif COP

COP B-subcomplex a-b‘-e-COP

F-subcomplex g-z-b-d-COP GTPase Arf

[60] R-based motif

F-subcomplex B-subcomplex B-subcomplex

K(X)KXX motif

[61-63] COP

M1-

B4GALNT1 . 

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

B4GALNT1 26.8 26.8 37.1 56.5 kDa mM1-B4GALNT1

M1/M2- M2/M2-B4GALNT1 113 

kDa GFP  mM1-B4GALNT1(N)-2GFP

53.6 kDa mM1-B4GALNT1(N)-

GFP mM1-B4GALNT1(N)-2GFP

Fig. 31 × COP
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mM1-ST3GAL5

GM3 in vitro mM3-ST3GAL5

[35]. 

hM1-B4GALNT1 in vivo hM2-

B4GALNT1 Fig. 25 Fig. 28B in vivo

CHO-K1

hM1-B4GALNT1 hM1-B4GALNT1

hM2-B4GALNT1

B4GALNT1 Fig. 32 in vitro

 

B4GALNT1 hM1-B4GALNT1

hM2-B4GALNT1 Fig. 29C D hM1-

B4GALNT1-R4S/R6S/R7S hM2-B4GALNT1

hM1-B4GALNT1 R-based motif

hM2-B4GALNT1 hM1-B4GALNT1

hM1/M2-B4GALNT1 hM2-B4GALNT1

Fig. 29B C D  

× hM1-/M2-B4GALNT1 hM1-B4GALNT1 R-based 

motif hM2-B4GN1

Fig. 33 3 mM3-

ST3GAL5

R/K-based motif [40]  hM1-

B4GALNT1 R-based motif 4RX6R7R
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B4GALNT1

 

M1-B4GALNT1 mRNA variant 2 mRNA variant 2

B4GALNT1 mRNA 10 20

Fig. 15 M1-B4GALNT1 M2-

B4GALNT1 M2-B4GALNT1

M1-/M2-B4GALNT1

B4GALNT1
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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 :  

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 

X  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 

 

 

 

B4GALNT1  (9535_Ex_ProteinA) : GM2S (504 )

Rabbit ProteinA  

B4GALNT1  (ab135902) : Abcam 

calnexin (H-70)  : Santa Cruz Biotechnology 
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b-actin  : SIGMA 

FLAG  : Agilent Technologies 

HA  : InvivoGen 

GFP  (IgY fraction) : Aves Labs 

 

 

mouse IgG HRP  : GE Healthcare 

chicken IgY HRP  : Aves Labs 

Rabbit IgG TrueBlot : eBioscience, 

 

 

anti-FLAG (monoclonal antibody: Agilent; polyclonal antibody: Sigma) 

B4GALNT1  (9535_Ex_ProteinA) : GM2S (504 )

Rabbit ProteinA  

KDEL  : StressGen Bioreagents 

GM130  : BD Bioscience 

 

 

mouse IgG Alexa 594 (Alexa Fluor 594) : Invitrogen 

rabbit IgG Alexa 488 (Alexa Fluor 488) : Invitrogen 

 

 

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% /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 

 

BALB/cCrSlc B4GALNT1+/+ Japan SLC B4GALNT1

B4GALNT1-/- BALB/cCrSlc  

1 4  

Plasmids 

 

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 

× ±
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pGEM-T Easy vector ±  

cDNA PCR A

pGEM-T Easy vector T/A cloning

DNA ORF

. 

 

pGEM-T Easy vector ± pcDNA3 vector  

pKM2 mM1-B4GALNT1 pKM1 mM2-B4GALNT1 kozak

PCR × pGEM-T Easy vector

pKM4 pKM3 pKM2 mM1-B4GALNT1

M1 GCGGAG pKM11

 

 

 

Plasmid  ORF Primers 

pFS 432 cDNA 
hM1-
B4GALNT1 

5’- ATGCAGGAGAGGGCGAGAAGAAAG -3’ 
5’- TCACTGGGAGGTCATGCACTGCAG -3’ 

pKM 2 cDNA 
mM1-
B4GALNT1 

5’- ATGGCTGGCCTTGGGTACCTGCGCGAGCCTC 
GG -3’ 
5’- TACAGTGCATGACCGCCGAGTGA -3’ 

pKM 1 cDNA 
mM2-
B4GALNT1 

5’- ATGCGGCTAGACCGCCGGGCCCTC -3’ 
5’- TACAGTGCATGACCGCCGAGTGA -3’ 

Plasmid  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 ± pEGFP-N1 vector  

pKM6 mM1-B4GALNT1-FLAG pKM5 mM2-B4GALNT1-FLAG

PCR ×

pGEM-T Easy vector pKM8 pKM7  

pKM6 mM1-B4GALNT1-FLAG 2 PCR R-based motif

primary PCR primer-F1/R1 primerF2/R2

PCR primerF1/R2 secondary PCR ×

pGEM-T Easy vector  

 

pGEM-T Easy vector ± Real-time PCR  

cDNA 18S rRNA 5’-UTR hM1-

B4GALNT1 PCR × pGEM-T Easy vector

Plasmid  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  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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pcDNA3 vector ±  

hM1-B4GALNT1-FLAG pFS432 PCR pcDNA3 

FLAG4 vector HindIII-BamHI In-Fusion  

hM1-B4GALNT1-FLAG* pFS444 PCR M1

ACCGAG  

hM2-B4GALNT1-FLAG pFS444 PCR  

hM2-B4GALNT1-HA pFS452 HindIII BamHI

hM2-B4GALNT1-HA HindIII BamHI pcDNA3 

HA4 vector  

mM1-B4GALNT1-FLAG mM1-B4GALNT1-FLAG* mM2-B4GALNT1-FLAG

pKM4 pKM11 pKM3 BamHI

BamHI pcDNA3 FLAG4 vector mM2-

Plasmid  ORF Primers 

pFS 635 cDNA 
5’-UTR-hM1-
B4GALNT1 

5’- GCTTGCCGAGGCCACTCATCG -3’ 
5’- CCCGGGTGCTCGCGTACAGG -3’ 

pFS 636 cDNA 18S rRNA 
5’- TACCTGGTTGATCCTGCCAGTAG -3’ 
5’- TAATGATCCTTCCGCAGGTTCACC -3’ 

Plasmid  ORF Primers 

pFS 444 pFS 432 
hM1-
B4GALNT1 
-FLAG 

5’- AGGGAGACCCAAGCTTCACCATGCAGGAGAGGGCGAG 
AA -3’ 
5’- CTTGTAATCGGGATCCTGGGAGGTCATGCACTGCAG -3’ 

Plasmid  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  ORF 

pFS 555 pFS 452 hM2-B4GALNT1-HA 



 
 

70 

B4GALNT1-HA pKM5 HindIII BamHI

HindIII BamHI pcDNA3 HA4 vector

 

 

pEGFP-N1 vector ±  

hM1-B4GALNT1(N)-GFP pFS432 PCR pEGFP-N1 

vector HindIII-BamHI In-Fusion

DNA ORF . 

PrimeSTAR Mutagenesis Basal Kit  hM1-B4GALNT1(N)-

GFP pFS446 PCR hM2-

B4GALNT1(N)-GFP pFS446 PCR  

Plasmid  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  ORF Primers 

pFS 446 pFS 432 
hM1-
B4GALNT1(N)-
GFP 

5’- CACCATGGCTGGCCTTGGGTACCT -3’ 
5’- GGATCCTCACTCGGCGGTCATGCACTG -3’ 

Plasmid  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-R11/12/13/14S pKM8 pKM7

pFS235 pFS238 EcoRI SmaI mM1-B4GALNT1(N)

EcoRI SmaI pEGFP-N1 vector

 

mM1-B4GALNT1(N)-GFP PrimeSTAR Mutagenesis 

Basal Kit PCR

DNA ORF

. 

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  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  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 ±  

pEGFP-N1 vector PCR EGFP A

pGEM-T Easy vector T/A cloning

DNA Applied Biosystems 3130 Thermo 

Fisher Scientific ORF pKM73

EGFP/pGEM-T Easy vector  

pKM73 KpnI BamHI EGFP

KpnI BamHI pEGFP-N1 vector pEGFPx2-N1 vector  

mM1-B4GALNT1(N)-2GFP pKM6 PCR pEGFPx2-N1 

vector EcoRI-KpnI In-Fusion

DNA ORF . 

 

pENTR-D TOPO vector ±  

pGEM-T easy vector pcDNA3 vector ±

PCR pENTR-D 

TOPO vector topo cloning DNA ORF

. 

Plasmid  ORF Primers 

pKM 73 
pEGFP-N1 
vector 

EGFP 
5’- ATTCTGCAGTCGACGGTACCATGGTGAGCAAGGGCGAGG 
AG -3’ 
5’- GGCGACCGGTGGATCCTTGTACAGCTCGTCCATGCCGA -3’ 

Plasmid  ORF Primers 

pKM 82 pKM 6 
mM1-
B4GALNT1(N) 
-2GFP 

5’- CTCAAGCTTCGAATTCCGCCAATAGGGACTTTCCA 
TTGACG -3’ 
5’- CCCTTGCTCACCATGGTACCGGCAAGGTCTAGCAG 
ATCGAGTC -3’ 

Plasmid  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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PrimeSTAR Mutagenesis Basal Kit

PCR

DNA ORF . 

 

CSII-CMV-RfA vector ±  

pENTR-D TOPO vector ± CSII-CMV-RfA vector

LR clonase enzyme mix II LR

. 

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  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) 

total RNA TAKARA

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

Switzerland) total RNA 2.5 µg 10x reaction buffer 5 µl 25 mM MgCl2 10 

µl Deoxynucleotide Mix 5 µl RNase free water 43.2 µl

65 5 RNA RNase Inhibitor 1 µl

AMV Reverse Transcriptase 0.8 µl 37 10 42 60

95 5 cDNA RT-PCR

KOD FX polymerase (TOYOBO) LifeECO( )

KOD FX  

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 50 ng cDNA 94 2 98 10 68 40

mM1-B4GALNT1-FLAG-R11/12/13/14S pFS 575 pFS 577 

mM2-B4GALNT1-HA pFS 569 pFS 573 
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34 hB4GN1 all variants 599 bp  

hB4GN1 variant2 698 bp  mB4GN1 all variants 539 bp mB4GN1 variant2 618 

bp  

Real-time PCR 

total RNA TAKARA 293T

HAP1 total RNA 35 mm dish

90%confluency Saline 1 ml Sepasol R -RNA I Super G

1.5 ml

5 200 µl 3

4 12,000 x g 15 ×

500 µl 2- 10 4 12,000 x g

10 RNA × 1 ml 75%

4 12,000 x g 5 × RNase free water

total RNA NanoDrop 2000 Thermo Scientific 260 nm

ReverTra Ace qPCR RT 

Master Mix with gDNA Remover Toyobo total RNA 2.5 µg RNase free 

water 30 µl 65 5 RNA

4x DN Master Mix 10 µl 37 5

DNA × 5x RT Master Mix II 10 µl 37 15

98 5 cDNA

Real-time PCR 2×TaqMan Universal Master Mix II (Applied Biosystems)

Step One Plus real-time PCR system (Applied Biosystems) TaqMan 

PCR  

hB4GN1 all variant : Hs00155195_m1 Applied Biosystems  

hB4GN1 variant2 : IDT  

probe 
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5’-TCGGGTGTGTGAGGAAACCGAGATG-3’ 

primers 

5’-CATCCAAATGTCTTCAGCATTAAGAT-3’ 

5’-TCTCCCGGCCTCCTTTCTTCT-3’ 

18S rRNA : Hs.PT.39a.22214856.g IDT  

pFS466 (hB4GN1 all variant, pFS635 (hB4GN1 variant2), pFS636 (18S rRNA)

 

 

CHO-K1 Ham's F-12 

293T high-glucose DMEM 

HAP1 low-glucose IMDM 

× 10% v/v FBS 100 U/mL penicillin 100 µg/ mL streptomycin

5% CO2 37  

LipofectamineTM 2000  

35 mm dish CHO-K1 70%confluency

 2 µg LipofectamineTM 2000 reagent 10 µl

 

 

1 4  

 

60 mm dish CHO-K1 10-20%confluency HAM/D-MEM 10%

v/v FBS 100 U/mL penicillin 100 µg/ mL streptomycin 37

5%CO2 24 4 ml 32 5%CO2

24 Ham’s F12 37 5%CO2 1
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CELLBANKER 1 -80  

SDS-PAGE  

1 4 SDS-PAGE  

SDS-PAGE 

1 4 SDS-PAGE  

 

1 4  

B4GALNT1  9535_Ex_ProteinA Can Get Signal 

Immunoreaction Enhancer Solution 1 1:1000  

 

1 4  

 

1 4  

 

1 4  

Cycloheximide chase 

CHO-K1 hM1-B4GN1-FLAG hM1-B4GN1-FLAG R4S/R6S/R7S

hM2-B4GN1-FLAG hM1-B4GN1-FLAG hM2-B4GN1-HA Ham's F-12

50 µg/mL cycloheximide 37 5

cycloheximide SDS-PAGE
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5’-RACE 

SMARTer RACE 5’/3’ Kit total RNA SMARTer RACE 

5’/3’ Kit  

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

RNase inhibitor 0.5 µl 100U SMART Scribe Reverse Transcriptase 2 µl

total RNA 1 µg 5’-CDS Primer A 1 µl Sterile H2O

11 µl 72 3 42 2 RNA

total RNA × SMARTerII 

A Oligonucleotide 1µl 42 90 70 10

4 Tricine-EDTA buffer 10 µl 5’-RACE ready 

cDNA  

primary PCR 1.25 µl 5’-RACE ready cDNA KOD-FX Neo polymerase

25 µl 94 2 98 10 68 1 30 45

 

primary PCR  

10x UPM 

5’-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3’ 

5’GSP 

5’-GATTACGCCAAGCTTTAGCCGCATCCTGATATGGGGGAGGGTG-3’ 

Sterile H2O 50 2.5 µl KOD-FX Neo 

polymerase 25 µl secondary PCR 94 2 98

10 52 30 68 1 30 35  

secondary PCR  

UPM-short : 5’-CTAATACGACTCACTATAGGGC-3’ 

5’GSP-short : 5’-GATTACGCCAAGCTTTAGCC-3’ 

1000 bp MagExtractor-PCR&Gel Clean up kit



 
 

79 

10 µl RACE products  

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

2µl Sterile H2O 10 µl 50 15

± 2.5 µl Stellar Competent Cell 50 

µl DNA Applied Biosystems 3130

Thermo Fisher Scientific M13F : 5’-GTTTTCCCAGTCACGACGTT-

3’ M13R : 5’-GGAAACAGCTATGACCATGA-3’ . 

 

B4galnt1+/+ B4galnt1-/- Saline

1x cOmplete

0.25M 10 4 1000 x g 10

× 4 8000 x g 10

× 4 100000 g 60

IP buffer  

 

× SDS-PAGE

IP buffer integral membrane protein fraction Protein 

A/G plus-agarose 4 30 4 2300 

x g 3 × B4GALNT1  (9535_Ex_ProteinA) Protein 

A/G plus-agarose 4 60 4

2300 x g 3 agarose beads ×

agarose beads washing buffer 4 2300 x g 3

5 5% βMe 2x SB 100 5

PNGase F 37 1

B4GALNT1 (ab135902) Rabbit IgG TrueBlot
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C

B
Mouse B4GALNT1 (GM2/GD2/GA2 synthase)

variant 1

variant 2

Exon 2 Exon 11Exon 1

Exon 2’ M2

M2M1

A
Human B4GALNT1 (GM2/GD2/GA2 synthase)

variant 1a

variant 1b

variant 1c

variant 2

Exon 1a Exon 2 Exon 11

Exon 1b

Exon 1c

Exon 2’ M2

M2M1

D
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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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A B
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W
T

0
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hM1-B4GALNT1(N)-GFP

hM2-B4GALN1(N)-GFP

R6/7S

R4S R6S

R7S

WT

R4/6/7S

WT

ER Golgi/ER Golgi/ER

Golgi/ER

Golgi

Golgi/ER Golgi

mM1-B4GALNT1(N)-
GFP

mM2-B4GALNT1(N)-GFP

WT R8S R11S

R12S R13S R14S

WT

R11/12/13/14S

ER ER Golgi

Golgi Golgi Golgi

Golgi

Golgi

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
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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



 
 

93 

 

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

A

- 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

hM2-HA MergeKDEL

hM2-HA MergeGM130

0
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40

60

80

100

120

M1 M2

Ra
tio

 (%
)

Golgi Golgi/ER ER

hM1 hM2

A B

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�('HA�#�������)������	)���
�� 5�	/-32&3��
�%
�)�! 5Bar: 10 μm.

10 µm
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Figure 31P B4GALNT19���-/R-based motif8=>CKD�-���+' %&��8�
.>�,

(A) ���	�*/' %&8�.>�,@#;>5<�!15B4GALNT1(N)-GFPO-2GFP9���P
TMQ�$(-ORQArginine (R)-based motifP
(B) CHO-K1��8�)�8��02O�GFP��7ABEFMJLGH"�@ 65P
(COD) mM1-B4GALNT1(N)-GFPOmM1-B4GALNT1(N)-2GFP9�����@3?4?�*15P��IFNM
:3
��9�*@ 65PBar: 10 μm.

2GFP GM130 Merge
mM1-B4GALNT1(N)

D

2GFP KDEL Merge

2GFP KDEL Merge

ER

Golgi/ER

Golgi/ER

10 µm

10 µm
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Figure 32MC/9��J��L�K-��%��	B4GALNT1*����J/09;H@G<=.H4K

(A)CHO-K1��)��	�!$%mM1-B4GALNT1 (M1) LmM2-B4GALNT1 (M2)-
B4GALNT1
�
J9535Ex_ProteinAKL�+Jab135902K'��"%M(-)Nno transfection-�#M *6HAF+(C)L(D)L(E)*B8=.
@5H>GIF("&,��%M
(B) CHO-K1��)��	�!$%mM1-B4GALNT1 (M1) LmM2-B4GALNT1 (M2)-
B4GALNT1
�
J9535Ex_ProteinAK'����"L
B4GALNT1
�(ab135902) (Rabbit IgG Trueblot'��"%M�L
�:nonspecific and unknown band
(C)C/9����JB4galnt1+/+( B4galnt1 -/- K*D3G:IE��-
B4GALNT1
�(ab135902) L
1F?27H

�'��"%M
(D)C/9����JB4galnt1+/+( B4galnt1 -/- K*D3G:IE��-
B4GALNT1
�J9535Ex_ProteinAK'��
��"L
B4GALNT1
�(ab135902) (Rabbit IgG Trueblot'��"%M�:nonspecific band
(E)C/9���JB4galnt1+/+( B4galnt1 -/- K*D3G:IE��-
B4GALNT1
�(ab135902) L
1F?27H

�'��"%M

- M1 M2
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57
43

36.5
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28
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WB: anti-B4GALNT1 Ab
(ab135902))

WB: anti-calnexin Ab

-/-
B4galnt1
+/+

100
kDa

C Liver
microsome

E

-/-
B4galnt1

- M1 M2
B4GALNT1

+/+

CHO-K1
Brain

microsome

70
57
43

36.5

100
140
210
kDa -/-

B4galnt1
+/+

100
kDa

WB: anti-calnexin Ab

WB: anti-B4GALNT1 Ab
(abcam)

Brain
microsome

-/-
B4galnt1

- M1
B4GALNT1

+/+

CHO-K1Liver-IP

70
57
43

36.5

100

kDa

140
210

D

WB: anti-B4GALNT1 Ab (ab135902))

IgG
*

*



 
 

99 

 
 

Endosome

cis

medial

trans

G
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i

Lysosome

Degradation

M1/M1 M1/M2 M2/M2

ER

Retrograde transport 
between Golgi

R-based motif

Retrograde transport
From Golgi to ER

Golgi retention
= stabilization

Figure 33UB4GALNT1;� ���;?8@

M1/M1NPKHOS<IQJ�8� �;��:�	3EUM1
/� #+�;N��:A5R-based motif
<TIQJ�.C� �>;'!%&T-B=IQJ�����;��:*�26,EUR-based motifGA4
9,M2/M2NPKHOS<���7IQJ�:�	3EUM1/M2MLRKHOS<R-based motifGA5A;;
� �>;�	<"CF9,U2.29/CTM2/M2NPKHOS8�$26��/��26-DT0F<IQ
J����);�(:BEA;8��1FEU
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 R/K-based motif M3-ST3GAL5
 

  

GM3 a-2,3-sialyltransferase ST3GAL5 ST3GAL5

GM3

ST3GAL5 3

mRNA a- b- c-type 3

M1- M2- M3-ST3GAL5

GM3  

N

ER 

exit sites ERES COP coat protein complex II

[R/K](X)[R/K] small GTPase Sar1

COP

[39] COP Sar1 COP Sec23 Sec24 Sec13

Sec31 COP

[R/K](X)[R/K] Sar1

Sar1 3 site-A -B -C [R/K](X)[R/K]

site A 198 198D [39]

TM N GFP

[R/K](X)[R/K]

GFP

GFP

[64-66]
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GFP

 

ST3GAL5 B4GALNT1

[R/K](X)[R/K] ST3GAL5 B4GALNT1

M3-ST3GAL5 M2-B4GALNT1

[R/K](X)[R/K]

R/K-based motif ST3GAL5 B4GALNT1

M3-ST3GAL5 R/K-based motif

N

R/K-based motif

M3-ST3GAL5  
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 M3-ST3GAL5(N)-GFP M2-B4GALNT1(N)-GFP  

N [R/K](X)[R/K]

[39] mM3-ST3GAL5 2

3 ± 2R3R mM2-B4GALNT1 5 6 ± 5R6R

Fig. 34A RR

mM3-ST3GAL5 mM2-B4GALNT1 TM N

GFP mM3-ST3GAL5(N)-GFP mM3-ST3GAL5(N)-GFP-

R2A/R3A mM2-B4GALNT1(N)-GFP mM2-B4GALNT1(N)-GFP-R5A/R6A

CHO-K1 GFP

 

mM3-ST3GAL5(N)-GFP

GM130 Fig. 34B Fig. 

35 mM3-ST3GAL5(N)-GFP-R2A/R3A

KDEL Fig. 34B Fig. 35 mM2-B4GALNT1(N)-GFP

mM2-B4GALNT1(N)-GFP-R5A/R6A

Fig. 34C Fig. 36

mM2-B4GALNT1(N)-GFP 5R6R

mM2-B4GALNT1(N)-GFP 5R6R

2R mM2-B4GALNT1(N)-GFP-R2A  mM2-B4GALNT1(N)-GFP-

R2A/R5A/R6A CHO-K1 mM2-

B4GALNT1(N)-GFP-R2A mM2-B4GALNT1(N)-GFP

2 5 6 R A mM2-

B4GALNT1(N)-GFP- R2A/R5A/R6A Fig. 34C

Fig. 36 × mM3-ST3GAL5(N)-GFP 2R3R mM2-B4GALNT1(N)-
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GFP  2R(X)25R6R

 

mM3-ST3GAL5(N)-GFP mM3-ST3GAL5(N)-GFP-R2A/R3A mM2-

B4GALNT1(N)-GFP mM2-B4GALNT1(N)-GFP-R2A/R5A/R6A

CHO-K1 GFP

mM2-B4GALNT1(N)-GFP mM2-B4GALNT1(N)-GFP-

R2A/R5A/R6A Fig. 37B Fig. 38B

× mM2-B4GALNT1(N)-GFP  2R(X)25R6R

mM3-ST3GAL5(N)-

GFP-R2A/R3A

Fig. 37A Fig. 38A × mM3-

ST3GAL5(N)-GFP R2A/R3A

2R3R  

mM3-ST3GAL5(N)-GFP 2R3R 12

2

mM3-ST3GAL5(N)-GFP-R2A/R3A/P4A/S5A -

R2A/R3A/L6A/L7A -R2A/R3A/I8A/K9A -R2A/R3A/D10A/I11A -R2A/R3A/C12A/K13A

CHO-K1 Fig. 39A mM3-

ST3GAL5(N)-GFP-R2A/R3A/I8A/K9A -R2A/R3A/C12A/K13A

3

mM3-ST3GAL5(N)-GFP-

R2A/R3A/I8A/K9A -R2A/R3A/C12A/K13A 9 13

K Sar1

9K 13K mM3-ST3GAL5(N)-GFP-

R2A/R3A/K9A -R2A/R3A/K13A -R2A/R3A/K9A/K13A

R2A/R3A/K9A R2A/R3A/K13A
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R2A/R3A/K9A/K13A Fig. 39B Fig. 40 mM3-

ST3GAL5(N)-GFP- K9A/K13A

Fig. 39B 40 × mM3-ST3GAL5(N)-

GFP 2R3R(X)59K(X)313K

mM3-ST3GAL5(N)-GFP 2R3R(X)59K(X)313K mM2-B4GALNT1(N)-

GFP  2R(X)25R6R  [R/K](X)[R/K]

R/K-based motif  

 R/K-based motif M3-ST3GAL5  

R/K-based motif M3-ST3GAL5 M2-B4GALNT1

mM3-ST3GAL5 mM3-ST3GAL5-

R2A/R3A/K9A -R2A/R3A/K13A -R2A/R3A/K9A/K13A mM2-B4GALNT1

mM2-B4GALNT1-R2A/R5A/R6A CHO-K1

mM3-ST3GAL5 mM2-B4GALNT1

ST3GAL5 B4GALNT1

Fig. 41 Fig. 42 ST3GAL5 B4GALNT1 CHO-

K1 Fig. 43  

mM3-ST3GAL5 GM130 3

mM3-ST3GAL5-R2A/R3A/K9A -R2A/R3A/K13A KDEL

R-based motif 4 mM3-

ST3GAL5-R2A/R3A/K9A/K13A Fig. 

41A Fig. 42A GFP

mM3-ST3GAL5 R/K-based motif

 

mM2-B4GALNT1-R2A/R5A/R6A

R2A/R5A/R6A

mM2-B4GALNT1 R/K-based 



 
 

105 

motif Fig. 41B Fig. 42B mM2-B4GALNT1

2

80C 82C

[58] mM2-B4GALNT1-C80S/C82S

× mM2-B4GALNT1 R/K-based 

motif

 

 R/K-based motif M3-ST3GAL5  

R/K-based motif 3

Fig. 41A Fig. 42A mM3-

ST3GAL5-R2A/R3A CHO-K1

Fig. 44A Fig. 45

Rab5 Rab7 

Rab5  mM3-ST3GAL5 20% mM3-ST3GAL5-

R2A/R3A 100% Fig. 44B × mM3-

ST3GAL5-R2A/R3A

 

2R3R K mM3-ST3GAL5-R2K/R3K

-R2A/R3A

2 3 R

mM3-ST3GAL5-R2A -R3A -K9A/K13A

mM3-ST3GAL5 2 4 Fig. 44 Fig. 45 ×

mM3-ST3GAL5 R/K-based motif
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 R/K-based motif M3-ST3GAL5

 

mST3GAL5 N [34] M3-ST3GAL5

Endo H M2-ST3GAL5

M3-ST3GAL5 in vivo

[35]  

R/K-based motif M3-ST3GAL5

N  

M3-ST3GAL5 M3-ST3GAL5 -R2A/R3A -R2K/R3K -R2A -R3A

-K9A/K13A -R2A/R3A/K9A -R2A/R3A/K13A CHO-K1

N PNGase F

Endo H ST3GAL5

Fig. 46 Fig. 47 M3-ST3GAL5

43 kDa 44.5-48 kDa Endo H

36-43 kDa PNGase F 36 kDa

M3-ST3GAL5 N

M3-ST3GAL5-R2A/R3A 43 kDa

44.5-48 kDa Endo H

36 kDa M3-ST3GAL5-R2A/R3A N

M3-ST3GAL5-R2K/R3K -R2A -R3A -K9A/K13A M3-

ST3GAL5 Endo H

M3-ST3GAL5-R2A/R3A/K9A -R2A/R3A/K13A

Endo H N

M3-ST3GAL5-R2A/R3A/K9A -R2A/R3A/K13A
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ST3GAL5 M3-

ST3GAL5 M3-ST3GAL5 -R2A/R3A -R2K/R3K -K9A/K13A

CHO-K1 cycloheximide CHX

3 CHX PNGase F

ST3GAL5 Fig. 48 M3-ST3GAL5

CHX [35]

M3-ST3GAL5-R2K/R3K -K9A/K13A CHX -R2A/R3A

M3-ST3GAL5 M3-ST3GAL5 N

 

× R/K-based motif M3-ST3GAL5 N
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ST3GAL5

B4GALNT1

Fig. 49  

×

N [R/K](X)[R/K]

[39] ST3GAL5 [R/K](X)[R/K] M3-

ST3GAL5(N)-GFP-R2A/R3A Fig. 34B

35 M3-ST3GAL5(N)-GFP-R2A/R3A

Fig. 37A Fig. 38

[R/K](X)[R/K]

Fig. 3A 2R3R

2 K 9K 13K M3-ST3GAL5(N)-GFP-R2A/R3A/K9A -R2A/R3A/K13A

-R2A/R3A/K9A/K13A Fig. 39B Fig. 40

M3-ST3GAL5 Fig. 41A Fig. 42A ×

2R3R(X)59K(X)313K R/K-

based motif  

B4GALNT1 [R/K](X)[R/K] M2-B4GALNT1(N)-GFP-

R5A/R6A 5R6R × 2R

M2-B4GALNT1(N)-GFP-R2A/R5A/R6A Fig. 34C

Fig. 36 Fig. 37B Fig. 38B 2R(X)25R6R R/K-based motif

R/K-based motif

ST3GAL5 M2-

B4GALNT1 R/K-based motif Fig. 41B Fig. 

42B B4GALNT1
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M2-B4GALNT1 80C82C

M2-B4GALNT1-C80S/C82S

[58]  B4GALNT1

C80S/C82S COP

B4GALNT1 COP

 

 COP

GTPase Sar1

 

Sar1-GDP Sar1 ± guanine nucleotide 

exchange factor GEF Sec12 GDP GTP GTP

Sar1-GTP

Sar1-GTP × Sec23/24

Sar1-GTP Sec23 Sec23/24

Sec24

DXE FF Sec24

Sec23/24 Sec13-Sec31 Sec13/31 COP

Sec23 Sar1-GTP GTPase 

GTPase-activating protein GAP

Sar1-GTP Sec23 Sar1

Sar1-GDP Sec12

[67] Sar1 ×

Sar1-GTP
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Sec23/24 Sar1 GTP/GDP

Sec24

ST3GAL5 R/K-

based motif Sar1 Sar1-GTP Sar1-GDP

ST3GAL5 ST3GAL5

Sar1

ST3GAL5 R/K-based motif Sar1

COP  

ST3GAL5

170

N

M3-ST3GAL5 N

180N 224N 334N Q M3-ST3GAL5-

N224Q -N334Q M3-ST3GAL5-N180Q

Fig. 50 M3-ST3GAL5 3

GM3

[34] N180Q

in vitro

[34] H177D/N180S
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COP

ERES Sec31-GFP Fig. 50

M3-ST3GAL5 M3-ST3GAL5-N180Q 20% M3-

ST3GAL5-H177D/N180S 50% [34] M3-ST3GAL5

 

M3-ST3GAL5-R2A/R3A

K9A/K13A

M3-ST3GAL5(N)-GFP-R2A/R3A K9A/K13A

M3-ST3GAL5(N)-GFP R/K-

based motif M3-ST3GAL5 R/K-based 

motif ST3GAL5 M2-

ST3GAL5 M1-ST3GAL5-R11S/R12S

[35] M3-ST3GAL5

cis medial trans

cis

medial trans COP

COP

Vps74
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N [F/L][L/I/W]XX[R/K] Vps74

COP [68,69]   

M3-ST3GAL5 M3-ST3GAL5-R/K-based motif

Fig. 46 Fig. 48

ST3GAL5 N

1

N

± ST3GAL5

 

M3-ST3GAL5 M3-ST3GAL5-R/K-based motif

 

ST3GAL5 R/K-based 

motif
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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 :  

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 

 

 

 

ST3GAL5 (C-term)  

b-actin  : SIGMA 

 

 

rabbit IgG HRP  : GE Healthcare 

mouse IgG HRP  : GE Healthcare 

 

 

ST3GAL5 (9129) 

B4GALNT1 (9535_Ex_ProteinA)  

GFP  : Aves Labs 

KDEL  : StressGen Bioreagents 

GM130  : BD Bioscience 

Rab7 (Rab7-117) : SIGMA 

 

 

mouse IgG Alexa 594 (Alexa Fluor 594) : Invitrogen 

rabbit IgG Alexa 488 (Alexa Fluor 488) : Invitrogen 

chicken IgY Alexa 488 (Alexa Fluor 488) : Jackson ImmunoResearch 

Laboratories 
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Plasmids 

 

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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× ±

 

pGEM-T Easy vector ± pcDNA3 vector  

M3-ST3GAL5/pcDNA3.1zeo(+) 2 PCR R/K-based motif

primary PCR primer-F1/R1 primerF2/R2

PCR primerF1/R2 secondary PCR ×

pGEM-T Easy vector  

pcDNA3 vector ±  

pKA17 BamHI BamHI

pcDNA3.1zeo(+) vector pKA18  

mM2-B4GALNT1-GFP PrimeSTAR Mutagenesis Basal Kit

PCR

DNA ORF

. 

 

pGEM-T Easy vector ± pEGFP-N1 vector  

Plasmid  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  ORF 

pKA 18 pKA 17 mM3-ST3GAL5-R2/3A 

pKM 23 pKM 3 mM2-B4GALNT1 

Plasmid  ORF Primers 

pKM 137 pKM 23 
mM2-
B4GALNT1 
-R5/6A 

5’- AGACGCTGCTGCCCTCTATGCGCTAGTC -3’ 
5’- AGGGCAGCAGCGTCTAGCCGCATGGTGGC -3’ 
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M3-ST3GAL5/pcDNA3.1zeo(+) pKA18

PCR 1 pGEM-T Easy vector

± pGEM-T Easy vector pSU151  

 

pEGFP-N1 vector ±  

mM3-ST3GAL5(N)-GFP mM3-ST3GAL5(N)-GFP-R2/3A pSU151

EcoRI SmaI EcoRI SmaI

pEGFP-N1 vector mM2-B4GALNT1(N)-GFP 2

Plasmids pKM9  

mM3-ST3GAL5(N)-GFP mM2-B4GALNT1(N)-GFP

PrimeSTAR Mutagenesis Basal Kit

PCR DNA

ORF . 

Plasmid  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  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  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’ 
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pENTR-D TOPO vector ±  

pGEM-T easy vector pcDNA3 vector ±

PCR pENTR-D 

TOPO vector topo cloning DNA ORF

. 

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  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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PrimeSTAR Mutagenesis Basal Kit

PCR

DNA ORF . 

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 ±  

pENTR-D TOPO vector ± CSII-CMV-RfA vector

LR clonase enzyme mix II LR

. 

 

Plasmid  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’ 
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CHO-K1 Ham's F-12 

293T high-glucose DMEM 

× 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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5% CO2 37  

Lipofectamine 2000  

2 4 Lipofectamine 2000

 

 

1 4  

 

1 4  

Rab5-GFP CellLight Early Endosomes-GFP 

BacMan2.0 reagent GFP  

SDS-PAGE  

1 4 SDS-PAGE  

Endo H PNGase F 37 60  

SDS-PAGE 

1 4 SDS-PAGE  

 

1 4  

Cycloheximide chase 

CHO-K1 ST3GAL5 WT, R2A/R3A, R2K/R3K, K9A/K13A Ham's F-12

50 µg/mL cycloheximide 37 3

cycloheximide SDS-PAGE
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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
WT GM130 Merge
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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
WT GM130 Merge
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R

R5A/R6A KEDL Merge

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��"	
����1GFP� 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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M3-ST3GAL5(N)-GFP in stable expression
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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.
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M3-ST3GAL5(N)-GFP in stable expression

10 µm

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��(�������/� ���
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WT GM130 Merge
M3-ST3GAL5 (full length) in stable expression
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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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anti-ST3GAL5 Ab GM130 Merge
CHO-K1 cells

anti-B4GALNT1 Ab GM130 Merge

Figure 43# ��	ST3GAL5���B4GALNT1���
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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
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R2A/R3A MergeRab7

R2K/R3K MergeRab7

R2A MergeRab7

R3A MergeRab7
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