
EXPERIMENTAL PROCEDURES 
Construction of Conditional Targeting Vector for GnT-Vb (Cre-lox) and generation of Mutant mice: A 

cre/loxP systems was used to generate GnT-Vb–deficient mouse. The targeting vector has been generated at 
Ingenious Targeting Labs, Inc. (Stony Brook, New York, USA). A ~10.7kb region used to construct the targeting 
vector was first sub cloned from a positively identified B6 BAC clone using a homologous recombination-based 
technique. The region was designed such that the short homology arm (SA) extends 2.0 kb 3’ to the exon 6. The 
long homology arm (LA) starts at the 5’ side of exon 6 and is ~8.7kb long. The single loxP site is inserted between 
exons 6 and 7, and the loxP-flanked Neo cassette is inserted 3’ to exons 6. The target region is 0.8kb and includes 
exon 6. The BAC was sub cloned into a ~2.4kb backbone vector containing an ampicillin selection cassette for 
retransformation of the construct prior to electroporation. A pGKNeo cassette flanked by loxP sites was inserted 
into the gene (Supplementary Fig 1). The targeting construct was linearized using NotI and electroporated into 
C57BL/6 Embryonic Stem cell lines. (ES cell culture and generation of mouse strains was performed in the 
Medical College of Georgia Embryonic Stem Cell and Transgenic Core Facility.) Embryonic Stem Cells were lysed 
into 100 µl of lysis buffer (100mM NaCl, 20mM Tris.Cl, pH7.6,10mM EDTA, 0.5% SDS). The resulting solutions 
were subject to phenol/chloroform extraction and ethanol precipitation. The DNA precipitates were dissolved in 
100ul of distilled water for over night.  Two microliters of genomic DNA solution were used as template for PCR 
genotyping. 8/125 isolated ES cell clones that survived G418 selection were homologous recombinant on the basis 
of PCR genotyping. For ES cell diagnostic PCR genotyping, genomic DNA were evaluated using one primer 
specific to the intron region between exon 6 and exon 7 (JKL91) (5’-
GGAATCCAGTACAGGGAACTTGCTTGG-3′), one primer specific to the neo sequence (JKL92), (5′-
ATGTGTGCGAGGCCAGAGGCCACTTGT-3′) (expected size kb) and one primer specific to the 3’ genomic 
sequence, outside the region used in the targeting vector (JKL93) (5’-
CTGGGGACCCAATCAGCCCTGAATCAC-3’) (Supplementary Fig. 1). PCR amplification was performed on ES 
DNA in a final volume of 20 µl with the HotStar Taq DNA polymerase (Qiagen Inc.). Samples were denatured at 
94 °C, 15 min and then subjected to 35 cycles of amplification (94 °C, 30 s; 60 °C, 30 s; 72 °C, 2 min 30 s). As 
depicted in Figure 1, primers JKL91 and JKL93 result in a 261-bp product from wild type allele and a 2.3 kb from 
the targeted allele. But primers, JKL92 and JKL93, results in no PCR products from the wild type allele and a 460-
bp product from the targeted allele.  The 8 clones were further checked on the right side of the recombination event 
by Southern blot analysis. For Southern analysis, genomic DNA were digested with EcoRV or HindIII and probed 
with a PCR fragment containing intron sequence after exon 8 (Supplementary Fig 1). The wild type allele generates 
a 3.5kb fragment and targeted allele generates a 5.5kb fragment in EcoRV digestion and 9.8kb and 6.7kb fragment 
in HindIII digestion.  
 Eight ES cell clones were retained of which one (clone #116) was injected into C57BL/6 X Balb/C 
blastocysts, which were then reimplanted into recipient female mice. Eight highly chimeric B6 male mice (90% and 
99% of coat color chimerism) were identified and were fully normal. The chimera mice were then crossed to 
C57BL/6 mice. Genotyping of GnT-Vbfloxed/+ mice was carried out by PCR of genomic DNA isolated from tails 
using REDExtract-N-Amp Tissue PCR Kit (Sigma Inc.). Same primers and methods were used as in genotyping for 
ES cells screening in above. GnT-Vbfloxed/+ mice were crossed to transgenic mice of ubiquitously expressing Cre 
recombinase (C57BL/6 Cre mouse from Dr. Nancy Manley in Department of Genetics, University of Georgia). 
Primers JKL91, JKL93 and JKL97 were used for screening of conventional knock out mouse of GnT-Vb. Primer 
JKL97 and JKL93 result in 370-bp product from conventional K/O allele and JKL91 and JKL93 result in 261-bp 
product from wild type allele. 
 
Crossing GnT-Vb null mice into the GnT-V null background (from Dr. Jim Dennis, Samuel Lunenfeld Research 
Institute, Mount Sinai Hospital, Toronto, Canada) yielded a mouse that was null for both GnT-V and GnT-Vb. 
 
 
FIGURE LEGENDS 
 
 Supplementary Figure 1. Generation of GnT-Vb Mutant mice: A, Map of the targeting vectors (GnT-Vbfl) and 
the wild-type GnT-Vb (GnT-Vb+) locus. The single loxP site is inserted between exons 6 and 7 bearing GnT-Vb , 
and the loxP-flanked Neo cassette is inserted 3’ to exons 6 as described in Methods and Materials. Homologous 
recombination produces the GnT-Vbdfl alleles. B, PCR primers and Southern blots probe used in screening ES cells 
and mice. C, Southern blot analysis of ES clones and chimera mice. E+, the wild type of ES clone, E+/fl, 



heterozygote with wild type and floxed ES clone, K+, wild type of chimera mouse, K+/fl, heterozygote with wild 
type and floxed chimera mouse genomic DNA were digested with EcoRV or HindIII and probed with a PCR 
fragment containing intron sequence after exon 8 as shown in B. The wild type allele generates a 3.5kb fragment 
and targeted allele generates a 5.5kb fragment in EcoRV digestion and 9.8kb and 6.7kb fragment in HindIII 
digestion. D, PCR analysis of the genomic DNA from GnT-Vbdfl/dfl (GnT-Vb(-/-)). GnT-Vbfloxed/+ mice were crossed 
to transgenic mice of ubiquitously expressing Cre recombinase (C57BL/6 Cre mouse). Genotyping of GnT-Vbdfl/dfl 

(conventional K/O, GnT-Vb(-/-)) mouse was carried out by PCR of genomic DNA isolated from tails using 
REDExtract-N-Amp Tissue PCR Kit (Sigma Inc.). Primers JKL91, JKL93 and JKL97 were used for screening of 
the mice. Primer JKL97 and JKL93 result in 370-bp product from GnT-Vbdfl/dfl allele and JKL91 and JKL93 result 
in 261-bp product from wild type allele. 
 
Supplementary Figure 2. MS/MS spectra of O-linked glycans in mouse brains from the five genotypes. Blue 
letter with ∅ , <10% to <60% amounts compared to wild type; Blue letter with X, <5% amounts compared 
to wild type;  
 
        : Fuc,           : Man,          : Gal,           :GlcNAc,        :GalNAc, and         :NeuAc 
 
Supplementary Figure 3. MS/MS and MS3 spectra of N-linked glycans in mouse brains from the five 
genotypes. Blue with X, <5% amounts compared to wild type; 
 
        : Fuc,           : Man,          : Gal,           :GlcNAc,        :GalNAc, and         :NeuAc 
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A. [M+Na]+: 779.415 m/z (mono) 

Lee-GnTVb2-ko-O #266 RT: 6.29 AV: 1 NL: 5.85E4
T: ITMS + c NSI Full ms2 780.00@cid36.00 [150.00-2000.00]
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Lee-GnTVdoub1-ko-O #266 RT: 6.17 AV: 1 NL: 5.85E4
T: ITMS + c NSI Full ms2 780.00@cid36.00 [150.00-2000.00]
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Lee-GnTVa2-ko-O #266 RT: 6.06 AV: 1 NL: 5.55E4
T: ITMS + c NSI Full ms2 780.00@cid38.00 [150.00-2000.00]
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Lee-GnTVab2-hete-O #266 RT: 6.06 AV: 1 NL: 8.49E4
T: ITMS + c NSI Full ms2 780.00@cid38.00 [150.00-2000.00]
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Lee-MB-GnTVb-Wild-O #291 RT: 7.67 AV: 1 NL: 1.58E4
T: ITMS + c NSI Full ms2 780.00@cid25.00 [150.00-2000.00]
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Supplemental Figure 2.  



B. [M+Na]+: 983.515 m/z (mono) 

Lee-GnTVb2-ko-O #368 RT: 8.54 AV: 1 NL: 1.88E4
T: ITMS + c NSI Full ms2 984.00@cid36.00 [150.00-2000.00]

460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
Ab

un
da

nc
e

747.30

690.24

486.21
520.23

714.37
765.33679.36 741.40666.36 795.39607.37 647.39534.24 583.33569.29 623.29509.22466.33

Lee-GnTVdoub1-ko-O #368 RT: 8.39 AV: 1 NL: 1.54E4
T: ITMS + c NSI Full ms2 984.00@cid36.00 [150.00-2000.00]
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Lee-GnTVa2-ko-O #368 RT: 8.31 AV: 1 NL: 1.16E4
T: ITMS + c NSI Full ms2 984.00@cid38.00 [150.00-2000.00]
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Lee-GnTVab2-hete-O #368 RT: 8.27 AV: 1 NL: 1.94E4
T: ITMS + c NSI Full ms2 984.00@cid38.00 [150.00-2000.00]
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Lee-MB-GnTVb-Wild-O #393 RT: 9.93 AV: 1 NL: 7.30E3
T: ITMS + c NSI Full ms2 984.00@cid25.00 [150.00-2000.00]
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C. [M+Na]+: 1157.604 m/z (mono) 

Lee-GnTVb2-ko-O #455 RT: 10.46 AV: 1 NL: 1.31E5
T: ITMS + c NSI Full ms2 1158.00@cid36.00 [150.00-2000.00]
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Lee-GnTVdoub1-ko-O #455 RT: 10.29 AV: 1 NL: 9.80E4
T: ITMS + c NSI Full ms2 1158.00@cid36.00 [150.00-2000.00]
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Lee-GnTVa2-ko-O #455 RT: 10.24 AV: 1 NL: 7.38E4
T: ITMS + c NSI Full ms2 1158.00@cid38.00 [150.00-2000.00]

450 500 550 600 650 700 750 800 850 900 950 1000 1050
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

921.37

951.39

660.26
715.29

877.40
520.26

641.26 969.45690.24 1026.79472.25 618.30586.20 733.36 844.53782.35 817.45490.31 548.31

Lee-GnTVab2-hete-O #455 RT: 10.15 AV: 1 NL: 1.31E5
T: ITMS + c NSI Full ms2 1158.00@cid38.00 [150.00-2000.00]
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Lee-MB-GnTVb-Wild-O #480 RT: 11.83 AV: 1 NL: 4.09E4
T: ITMS + c NSI Full ms2 1158.00@cid25.00 [150.00-2000.00]
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D. [M+Na]+: 1187.615 m/z (mono) 

Lee-GnTVdoub1-ko-O #470 RT: 10.62 AV: 1 NL: 9.53E3
T: ITMS + c NSI Full ms2 1188.00@cid36.00 [150.00-2000.00]
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Lee-GnTVb2-ko-O #470 RT: 10.79 AV: 1 NL: 8.06E3
T: ITMS + c NSI Full ms2 1188.00@cid36.00 [150.00-2000.00]
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Lee-GnTVa2-ko-O #470 RT: 10.58 AV: 1 NL: 4.15E3
T: ITMS + c NSI Full ms2 1188.00@cid38.00 [150.00-2000.00]
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Lee-GnTVab2-hete-O #470 RT: 10.48 AV: 1 NL: 7.18E3
T: ITMS + c NSI Full ms2 1188.00@cid38.00 [150.00-2000.00]
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Lee-MB-GnTVb-Wild-O #495 RT: 12.16 AV: 1 NL: 3.39E3
T: ITMS + c NSI Full ms2 1188.00@cid25.00 [150.00-2000.00]
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E. [M+Na]+: 1344.689 m/z (mono) 

Lee-GnTVdoub1-ko-O #549 RT: 12.34 AV: 1 NL: 1.03E5
T: ITMS + c NSI Full ms2 1346.00@cid36.00 [150.00-2000.00]
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Lee-GnTVb2-ko-O #549 RT: 12.54 AV: 1 NL: 1.45E5
T: ITMS + c NSI Full ms2 1346.00@cid36.00 [150.00-2000.00]
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Lee-GnTVa2-ko-O #549 RT: 12.36 AV: 1 NL: 8.80E4
T: ITMS + c NSI Full ms2 1346.00@cid38.00 [150.00-2000.00]
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Lee-GnTVab2-hete-O #548 RT: 12.16 AV: 1 NL: 1.52E5
T: ITMS + c NSI Full ms2 1344.00@cid38.00 [150.00-2000.00]
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Lee-MB-GnTVb-Wild-O #573 RT: 13.86 AV: 1 NL: 4.44E4
T: ITMS + c NSI Full ms2 1344.00@cid25.00 [150.00-2000.00]
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Supplemental Figure 2. 
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F. [M+Na]+: 1361.704 m/z (mono) 

Lee-GnTVdoub1-ko-O #557 RT: 12.51 AV: 1 NL: 1.09E4
T: ITMS + c NSI Full ms2 1362.00@cid36.00 [150.00-2000.00]

450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

894.32

987.38

1125.48

1173.65974.51 1084.37490.22 881.39724.24
660.26 955.38848.43 1005.55506.23472.22 646.29 804.55692.37

Lee-GnTVab2-hete-O #557 RT: 12.35 AV: 1 NL: 8.16E3
T: ITMS + c NSI Full ms2 1362.00@cid38.00 [150.00-2000.00]
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Lee-MB-GnTVb-Wild-O #582 RT: 14.05 AV: 1 NL: 2.05E3
T: ITMS + c NSI Full ms2 1362.00@cid25.00 [150.00-2000.00]
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Lee-GnTVa2-ko-O #557 RT: 12.55 AV: 1 NL: 5.83E3
T: ITMS + c NSI Full ms2 1362.00@cid38.00 [150.00-2000.00]
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Lee-GnTVb2-ko-O #557 RT: 12.72 AV: 1 NL: 1.07E4
T: ITMS + c NSI Full ms2 1362.00@cid36.00 [150.00-2000.00]
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Supplemental Figure 2. 

486.23 
898.46 



G. [M+Na]+: 1548.789 m/z (mono) 

Lee-GnTVdoub1-ko-O #651 RT: 14.62 AV: 1 NL: 8.07E3
T: ITMS + c NSI Full ms2 1550.00@cid36.00 [150.00-2000.00]
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Lee-GnTVb2-ko-O #651 RT: 14.88 AV: 1 NL: 9.11E3
T: ITMS + c NSI Full ms2 1550.00@cid36.00 [150.00-2000.00]
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Lee-GnTVa2-ko-O #651 RT: 14.79 AV: 1 NL: 1.04E4
T: ITMS + c NSI Full ms2 1550.00@cid38.00 [150.00-2000.00]
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Lee-GnTVab2-hete-O #651 RT: 14.42 AV: 1 NL: 2.73E4
T: ITMS + c NSI Full ms2 1550.00@cid38.00 [150.00-2000.00]
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Lee-MB-GnTVb-Wild-O #676 RT: 16.13 AV: 1 NL: 8.02E3
T: ITMS + c NSI Full ms2 1550.00@cid25.00 [150.00-2000.00]
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Supplemental Figure 2. 

486.23 

710.36 1085.55 



H. [M+Na]+: 1909.962 m/z (mono) 

Lee-GnTVdoub1-ko-O #831 RT: 18.67 AV: 1 NL: 6.61E3
T: ITMS + c NSI Full ms2 1910.00@cid36.00 [150.00-2000.00]
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Lee-GnTVb2-ko-O #831 RT: 19.04 AV: 1 NL: 2.06E4
T: ITMS + c NSI Full ms2 1910.00@cid36.00 [150.00-2000.00]
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Lee-GnTVa2-ko-O #831 RT: 19.25 AV: 1 NL: 1.56E4
T: ITMS + c NSI Full ms2 1910.00@cid38.00 [150.00-2000.00]
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Lee-GnTVab2-hete-O #831 RT: 18.42 AV: 1 NL: 5.39E4
T: ITMS + c NSI Full ms2 1910.00@cid38.00 [150.00-2000.00]
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Lee-MB-GnTVb-Wild-O #856 RT: 20.22 AV: 1 NL: 3.20E3
T: ITMS + c NSI Full ms2 1910.00@cid25.00 [150.00-2000.00]
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Supplemental Figure 2. 
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A. [M+3Na]3+: 1424.026 m/z (mono) 

0

5

10

15

20

900 1000 1100 1200 1300

m/z

In
te
ns
ity

0

5

10

15

20

900 1000 1100 1200 1300

m/z

In
te
ns
ity

0

5

10

15

20

900 1000 1100 1200 1300

m/z

In
te
ns
ity

0

5

10

15

20

900 1000 1100 1200 1300

m/z

In
te
ns
ity

Lee-GnTVa1-KO-N #538 RT: 11.69 AV: 1 NL: 4.56E4
T: ITMS + c NSI Full ms2 1424.00@cid40.00 [150.00-2000.00]
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Lee-GnTVdoub1-KO-N #538 RT: 11.81 AV: 1 NL: 9.87E4
T: ITMS + c NSI Full ms2 1424.00@cid40.00 [150.00-2000.00]
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Lee-GnTVb2-KO-N #538 RT: 11.83 AV: 1 NL: 3.75E4
T: ITMS + c NSI Full ms2 1424.00@cid40.00 [150.00-2000.00]
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Lee-MB-GnTVb-Het-N #563 RT: 13.50 AV: 1 NL: 1.49E4
T: ITMS + c NSI Full ms2 1424.00@cid28.00 [150.00-2000.00]
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Lee-GnTVa1-wild-N #538 RT: 11.70 AV: 1 NL: 1.76E4
T: ITMS + c NSI Full ms2 1424.00@cid40.00 [150.00-2000.00]
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Supplemental Figure 3. 
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B. [M+3Na]3+: 1486.388 m/z (mono) 
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Lee-GnTVa1-KO-N #570 RT: 12.40 AV: 1 NL: 2.16E4
T: ITMS + c NSI Full ms2 1488.00@cid40.00 [150.00-2000.00]
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Lee-GnTVb2-KO-N #570 RT: 12.52 AV: 1 NL: 2.19E4
T: ITMS + c NSI Full ms2 1488.00@cid40.00 [150.00-2000.00]
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Lee-MB-GnTVb-Het-N #595 RT: 14.25 AV: 1 NL: 4.43E3
T: ITMS + c NSI Full ms2 1488.00@cid28.00 [150.00-2000.00]
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Lee-MB-GnTVb-Wild-N #595 RT: 14.15 AV: 1 NL: 9.01E3
T: ITMS + c NSI Full ms2 1488.00@cid28.00 [150.00-2000.00]
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Lee-GnTVdoub1-KO-N #570 RT: 12.52 AV: 1 NL: 2.32E4
T: ITMS + c NSI Full ms2 1488.00@cid40.00 [150.00-2000.00]
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= 

MS3 1211.58 

1236.26 1361.33 

847.41 

847.41 
1111.20 

1236.26 

X 

X 

1361.33 

1211.58 

1236.26 MS3 

MS3 MS3 

1111.20 

847.41 
1111.20 

1236.26 

1361.33 

1211.58 847.41 
1111.20 

1236.26 

1361.33 

1211.58 

847.41 
1111.20 

1211.58 
X 

847.41 
1111.20 1211.58 

1361.33 

X 

1236.26 

X 

Supplemental Figure 3. 

1236.26 

1361.33 

1236.26 

1236.26 

1236.26 



C. [M+3Na]3+: 1544.417 m/z (mono) 

Lee-GnTVdoub1-KO-N #599 RT: 13.17 AV: 1 NL: 1.77E4
T: ITMS + c NSI Full ms2 1546.00@cid40.00 [150.00-2000.00]
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Lee-GnTVa1-KO-N #599 RT: 13.05 AV: 1 NL: 9.27E3
T: ITMS + c NSI Full ms2 1546.00@cid40.00 [150.00-2000.00]
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Lee-GnTVb2-KO-N #599 RT: 13.15 AV: 1 NL: 2.77E4
T: ITMS + c NSI Full ms2 1546.00@cid40.00 [150.00-2000.00]
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Lee-GnTVab-Het-N #599 RT: 13.17 AV: 1 NL: 3.92E4
T: ITMS + c NSI Full ms2 1546.00@cid40.00 [150.00-2000.00]
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Lee-GnTVa1-wild-N #599 RT: 13.06 AV: 1 NL: 8.08E3
T: ITMS + c NSI Full ms2 1546.00@cid40.00 [150.00-2000.00]
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