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Abstract of the Thesis 

Identification of Functional Glycosylation of ADAMTSL2 

by 

Andrew Taibi 

Master of Science 

in 

Biochemistry and Cell Biology 

Stony Brook University 

2012 

 ADAMTSL2 has been shown to play a role in regulation of Transforming Growth Factor 

β (TGFβ) signaling through binding Latent TGFβ Binding Protein 1 (LTBP1) and Fibrillin 1 

(FBN1) in the extracellular matrix. A genetic screen revealed mutations to Adamtsl2 cause a rare 

growth disorder called Geleophysic Dysplasia (GD). Multiple GD mutations fall within 

ADAMTSL2’s seven Thrombospondin Type 1 Repeats (TSRs). TSRs often undergo a form of 

glycosylation called O-fucosylation. The addition of a fucose sugar to TSRs has been shown to 

be a necessary process in the secretion of related proteins. Among several mutations to 

ADAMTSL2 within TSRs which cause GD, two are predicted to interfere with O-fucosylation. In 

this study we reproduced these two GD-associated mutations as well as three additional 

mutations predicted to interfere with glycosylation in an unusual O-fucosylation site on TSR6. 

The predicted O-fucose site on TSR6 actually overlaps with a predicted site of N-glycosylation. 

Our three TSR6 mutant constructs were designed to both address which type of modification is 

occurring as well as its importance in protein secretion. We utilized expression constructs 

incorporating these mutations in parallel transactions to assay their effect on protein secretion in 

293T cells. We predict that mutations predicted to affect O-fucosylation will impair secretion, 

while our mutation interfering with N-glycosylation will not. In this way we hope to provide a 

functional link between mutations to ADAMTSL2 and GD. 
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Figure 1. Clinical Manifestations of Geleophysic Dysplasia may result from impaired TGFβ regulation in the 

extracellular matrix. Figure 1 is adapted from Le Goff, et al 2011; Allali & Le Goff et al., 2011; Bader et al., 2010; 

and Le Goff et al, 2012. A. X-rays of GD patients: (a) Posteroanterior hand X-ray at 3 and 10 years old. Note 

shortened tubular bones (asterisks). (b) Anterior Hip X-ray of 8 mo old, note widened epiphyses (arrowheads). (c) 

Lateral view vertebral column of 1 yr old GD patient, note ovoid vertebral bodies (OV). B. GD patients at 5 and 15 

years of age exhibiting characteristic facial features and skeletal manifestations of the disorder. Note: (a) distended 

stomach (result of hepatomegaly), (a,b,c) upturned corners of the mouth, (d,e) broadened phalanges, and (f) 

epiphyseal dysplasia. C. Mutations in Fibrillin-1 (FBN1), ADAMTS2, and ADAMTS10 are proposed to alter TGF 

signaling and are part of a family of growth disorders. Increased TGF signaling (indicated in red) is proposed to 

lead to short stature, short hands, and stiff joints observed in Weil Marchesani Syndrome (WMS), Geleophysic 

Dysplasia (GD), Acromelic Dysplasia (AD), and Myrhe Syndrome (MS). Decreased TGFβ signaling (indicated in blue) 

is proposed to lead to development of tall stature and thin habitus observed in Marfan syndrome, Loeys-Diets 

Syndrome (LDS), and Camurati-Engelmann Disease (CED). Other abbreviations are as follows: latent TGFβ binding  
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Figure 2. ADAMTSL2 TSRs was modified by POFUT2 at the consensus sequence CX2-3(S/T)CX2G. ADAMTSL2 is a 

secreted glycoprotein with Thrombospondin Type I repeats (TSRs). TSRs often carry consensus sequences 

predicted to be glycosylated. A. Christina Leonhard-Melief used Sweet Software (REFERENCE) to model of sugar 

modifications on Thrombospondin 1 TSRs 2 & 3 (Tan, Duquette et al. 2002) (pubmed ID: 12391027). TSRs consist of 

approximately 60 amino acids with 6 conserved cysteine residues (grey) forming 3-disulfide bonds (yellow). In the 

ER, POFUT2 recognizes the loop structure (bracketed) containing the consensus CX2-3(S/T)CX2G, and adds O-fucose 

(Red) to the central serine or threonine (turquoise). In the golgi, β-1,3-glucosyltransferase (β3Glc-T) further 

elongates the fucose by addition of a glucose (blue) to generate a disacharride. B. Schematic representation of the 

ADMATLS2 domain structure showing N terminal signal peptide, Cysteine Rich module, N glycan-rich module, PLAC 

domain, and 7-thrombospondin type I repeats (TSR - ovals). Six out of the seven TSRs have a predicted site of O-

fucosylation (Green) and one has a predicted N-glycosylation site as well an O-fucose site (Yellow). Only one TSR 

lacks either consensus sequence (white).   
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Figure 3. Sequence confirmation of mouse Adamtsl2 expression vectors with intended mutations to 

TSR3 and TSR6. Mouse Adamtsl2 with either (A) Geleophysic Dysplasia-like mutations in TSR3 (S641L) 

and TSR6 (G817R) or (B) mutations to predicted O-Fucose and N-Glycan modification in TSR6: N813Q, 

T815V, and N813Q/T815V were cloned into pSecTag expression vector and sequenced completely to 

verify substitutions and integrity of clones. Mutated TSRs are listed to the left. Nucleotide substitutions 

and expected codon changes (start methionine defines nucleotide position 1) are indicated in the 

middle. Comparison of wild-type and mutant DNA sequence chromatograms for codons encompassing 

consensus sequences for O-fucosylation and N-glycosylation are shown on the right. Consensus 

sequence for O-fucosylation and N-glycosylation and translation of codons are indicated above 

chromatograms. Substitutions were made to Red amino acids. Threonine residues that are predicted to 

be modified by POFUT2 or oligosaccharyltransferase (OST) are indicated with an asterisk. Sequence data 

was analyzed using Sequencher 5.0 (GeneCodes™). Red brackets identify altered codons. All sequencing 

was carried out by Stony Brook University Office of Scientific Affairs DNA sequencing center.  
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Figure 4. Mutations to O-fucosylation/N-glycosylation consensus sequence in TSR6 disrupted protein 

secretion. A. Predicted sites of N-glycosylation and O-fucosylation and surrounding amino acids in 

Adamtsl2 TSR6 are conserved among vertebrate species.  Consensus sequences for O-fucosylation, CX2-

3(S/T)CX2G, and for N-Glycosylation, NX(S/T), are displayed below the multiple alignment and are 

highlighted in yellow and green, respectively. The underlined threonine is predicted to be glycosylated. 

Triangles indicate positions of N813Q and T815V substitutions introduced into ADAMTSL2. B. Western 

analysis of ADAMTSL2 (red) expression compared to human IgG (green) controls.  ADAMTSL2 mutations 

predicted to disrupt N-glycosylation (N813Q), both O-fucosylation as well as N-glycosylation (T815V), 

and the double mutant (N813Q;T815V) reduce secretion relative to wild-type (WT). Despite decreased 

secretion levels, there is no significant increase in intracellular ADAMTSL2. C. Quantitation of ADAMTSL2 

relative to hIgG controls in 293T culture media and cell lysate. ADAMTSL2 levels were normalized to 

hIgG and are plotted as a fraction of WT. All transfections performed in triplicate, Error bars indicate 

standard error of the mean (s.e.m.), and p values are indicated above each column. 
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Figure 5. Geleophysic Dysplasia-like substitutions in mouse ADAMTSL2 impaired secretion. A. Multiple 

alignment of TSR3 and TSR6 identifies conservation of predicted O-fucosylation sites and surrounding 

residues among vertebrates. Consensus sequences for O-fucosylation, CX2-3(S/T)CX2G, and for N-

Glycosylation, NX(S/T), are displayed above the multiple alignment and are highlighted in yellow and 

green, respectively. The underlined threonine is predicted to be glycosylated. B. Western Blot analysis of 

wild type (WT), TSR3 mutant S641L, and TSR6 mutant G817R (red) as well as hIgG secretion/transfection 

controls (green). GD-like mutations reducted in protein secretion. In contrast, intracellular levels of WT 

and mutant ADAMTSL2 are present at similar levels. C. Quantitation of ADAMTSL2 normalized to hIgG 

controls in 293T culture media and cell lysate,  demonstrates that both GD-like mutations significantly 

reduce protein secretion. All transfections performed in triplicate, Error bars indicate s.e.m., and p 

values are indicated above each column. 

 

0

0.5

1

1.5

2

2.5

3

W
T

S6
4

1
L

G
8

1
7

R

A
D

A
M

TS
L2

/I
gG

 

G817R S641L 

CX
2-3

(S/T)CX
2
G 

TSR3 TSR6 

 

NX(S/T) 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

M
e

d
i

a
 

C
e

ll
s

 

mAdamtsl2 

mAdamtsl2 

IgG 

IgG 

W
T

 

S
6

4
1
L

 

G
8

1
7

R
 

 

P
=

0
.0

1
9
 

P
=

0
.0

0
4
 

P
=

0
.2

1
0
 

Secreted 

Intracellular 

P
=

0
.7

4
1
 



 
 

28 
 

Clone Primer Name Sequence Tm(°C) 

N807Q TSL2_N807Q 
5'-GGCTCAAGACTGGGAAAGGTGCCAAACCACCTGTGGGCGTGGTG-

3' 74.77 

 
TSL2_N807Q-r 

5'-CACCAGGCCCACAGGTGGTTTGGCACCTTTCCCAGTCTTGAGCC-

3' 74.77 

T809V TSL2_T809V 
5'-GGCTCAAGACTGGGAAAGGTGCAATACCGTGTGTGGGCGTGGTG-

3' 73.85 

 
TSL2_T809V-r 

5'-CACCACGCCCACACACGGTATTGCACCTTTCCCAGTCTTGAGCC-

3' 73.85 

N807Q_T809V TSL2_N807Q_T809V 
5'-GGCTCAAGACTGGGAAAGGTGCCAAACCGTGTGTGGGCGTGGTG-

3' 74.77 

 
TSL2_N807Q_T809V-r 

5'-CACCACGCCCACACACGGTATTGCACCTTTCCCAGTCTTGAGCC-

3' 74.77 

G811R TSL2_G811R_s2 
5'-CAATACCACCTGTAGGCGTGGTGTGAAAAAGCGGTTAGTTCTCTG-

3' 70 

 
TSL2_G811R_s2-r 

5’-GTTATGGTGGACATCCGCACCACACTTTTTCGCCAATCAAGAGAC-

3’ 70 

S635L TSL2_S635L 
5’-GACCAGCAGCTGGAGTGAGTGCTTACGTACCTGTGGTGAGGGCC-

3’ 74.77 

 
TSL2_S635L-r 

5'-CTGGTCGTCGACCTCACTCACGAATGCATGGACACCACTCCCGG-

3’ 74.77 

Table 1. Primers used for Site Directed Mutagenesis 

 

 

 

 

 

 

 

 

 

Table 2. Primers used for sequencing confirmation 

  

Primer Name Sequence Tm 

adamtsl2 seq 1 F 5' - GTGGGAGCTGTGGACAGGGC - 3' 68.6 

adamtsl2 seq 1 R 5' - GCCCTGTCCACAGCTCCCAC - 3' 68.6 

adamtsl2 seq 2 F 5' - CGGTACCAGCTCTGCAGAGT - 3' 62.4 

adamtsl2 seq 2 R 5' - ACTCTGCAGAGCTGGTACCG - 3' 62.4 

adamtsl2 seq 3 F 5' - TCAACACCTCCTCTGAGGC - 3' 58.9 

adamtsl2 seq 3 R 5' - GCCTCAGAGGAGGTGTTGA - 3' 58.9 

adamtsl2 seq 4 F 5' - CAGTGGACTGTCTCGGACTG - 3' 59.4 

adamtsl2 seq 4 R 5' - CAGTCCGAGACAGTCCACTG - 3' 59.4 

adamtsl2 seq 5 F 5' - GCAGCCCCTGAGATATAAGC - 3' 58.91 

adamtsl2 seq 5 R 5' - GCTTATATCTCAGGGGCTGC - 3' 58.91 
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TSR6 Clones    
GD 
Clones    

Clone Date Primer Seq File Name Clone Date Primer Seq File Name 

TSL2 WT 3/14/2012 
adamtsl2 
seq 1 F at_1131_haltiwanger 

TSL2 
S641L 3/28/2012 

adamtsl2 
seq 1 F at_1213_haltiwanger 

  

adamtsl2 
seq 1 R at_1132_haltiwanger 

  

adamtsl2 
seq 1 R at_1214_haltiwanger 

  

adamtsl2 
seq 2 F at_1133_haltiwanger 

  

adamtsl2 
seq 2 F at_1215_haltiwanger 

  

adamtsl2 
seq 2 R at_1134_haltiwanger 

  

adamtsl2 
seq 2 R at_1216_haltiwanger 

  

adamtsl2 
seq 3 F at_1135_haltiwanger 

  

adamtsl2 
seq 3 F at_1217_haltiwanger 

  

adamtsl2 
seq 3 R at_1136_haltiwanger 

  

adamtsl2 
seq 3 R at_1218_haltiwanger 

  

adamtsl2 
seq 4 F at_1137_haltiwanger 

  

adamtsl2 
seq 4 F at_1219_haltiwanger 

  

adamtsl2 
seq 4 R at_1138_haltiwanger 

  

adamtsl2 
seq 4 R at_1220_haltiwanger 

  

adamtsl2 
seq 5 F at_1139_haltiwanger 

  

adamtsl2 
seq 5 F at_1221_haltiwanger 

  

adamtsl2 
seq 5 R at_1140_haltiwanger 

  

adamtsl2 
seq 5 R at_1222_haltiwanger 

TSL2 N813Q 3/14/2012 
adamtsl2 
seq 1 F at_1141_haltiwanger 

TSL2 
G817R 3/14/2012 

adamtsl2 
seq 1 F at_1151_haltiwanger 

  

adamtsl2 
seq 1 R at_1142_haltiwanger 

  

adamtsl2 
seq 1 R at_1152_haltiwanger 

  

adamtsl2 
seq 2 F at_1143_haltiwanger 

  

adamtsl2 
seq 2 F at_1153_haltiwanger 

  

adamtsl2 
seq 2 R at_1144_haltiwanger 

  

adamtsl2 
seq 2 R at_1154_haltiwanger 

  

adamtsl2 
seq 3 F at_1145_haltiwanger 

  

adamtsl2 
seq 3 F at_1155_haltiwanger 

  

adamtsl2 
seq 3 R at_1146_haltiwanger 

  

adamtsl2 
seq 3 R at_1156_haltiwanger 

  

adamtsl2 
seq 4 F at_1147_haltiwanger 

  

adamtsl2 
seq 4 F at_1157_haltiwanger 

  

adamtsl2 
seq 4 R at_1148_haltiwanger 

  

adamtsl2 
seq 4 R at_1158_haltiwanger 

  

adamtsl2 
seq 5 F at_1149_haltiwanger 

  

adamtsl2 
seq 5 F at_1159_haltiwanger 

  

adamtsl2 
seq 5 R at_1150_haltiwanger 

  

adamtsl2 
seq 5 R at_1160_haltiwanger 

TSL2 T815V 3/19/2012 
adamtsl2 
seq 1 F at_1184_haltiwanger     

  

adamtsl2 
seq 1 R at_1185_haltiwanger     

  

adamtsl2 
seq 2 F at_1186_haltiwanger     

  

adamtsl2 
seq 2 R at_1187_haltiwanger     
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Table 3. Reference for Sequence Confirmation 

 

 

 

 

 

  

  

adamtsl2 
seq 3 F at_1188_haltiwanger     

  

adamtsl2 
seq 3 R at_1189_haltiwanger     

  

adamtsl2 
seq 4 F at_1190_haltiwanger     

  

adamtsl2 
seq 4 R at_1191_haltiwanger     

  

adamtsl2 
seq 5 F at_1192_haltiwanger     

  

adamtsl2 
seq 5 R at_1193_haltiwanger     

ADAMTSL2 
N813Q;T815V 3/14/2012 

adamtsl2 
seq 1 F at_1161_haltiwanger     

  

adamtsl2 
seq 1 R at_1162_haltiwanger     

  

adamtsl2 
seq 2 F at_1163_haltiwanger     

  

adamtsl2 
seq 2 R at_1164_haltiwanger     

  

adamtsl2 
seq 3 F at_1165_haltiwanger     

  

adamtsl2 
seq 3 R at_1166_haltiwanger     

  

adamtsl2 
seq 4 F at_1167_haltiwanger     

  

adamtsl2 
seq 4 R at_1168_haltiwanger     

  

adamtsl2 
seq 5 F at_1169_haltiwanger     

  

adamtsl2 
seq 5 R at_1170_haltiwanger     
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avg 

  

media igg myc 
normalized to 
igg indiv fold 

 
fold diff stdev sterror 

WT 7.8 5.3 0.679487179 0.789554031 WT 1 0.209367 0.120878 

 
4.9 3.9 0.795918367 0.924845346 S641L 0.277466 0.170315 0.098332 

 
4.7 5.2 1.106382979 1.285600623 G817R 0.090788 0.045489 0.026263 

S641L 4.3 1.2 0.279069767 0.324274933 
    

 
3.8 1.5 0.394736842 0.45867836 wtavg 

   

 
4.7 0.2 0.042553191 0.049446178 0.860596 

   G817R 19.2 0.9 0.046875 0.054468055 
    

 
12 1.6 0.133333333 0.154931357 

    

 
20.3 1.1 0.054187192 0.062964714 

    

         

      
avg 

  

lysate  igg myc 
normalized to 
igg indiv fold 

 
fold diff stdev sterror 

WT 1.01 3.44 3.405940594 1.203761441 WT 1 0.516647 0.298286 

 
3.48 2.86 0.82183908 0.290462552 S641L 1.91076 1.037194 0.598824 

 
2.15 9.16 4.260465116 1.505776007 G817R 0.372589 0.293624 0.169524 

S641L 2.42 7.2 2.975206612 1.051527148 
    

 
2.92 10.83 3.70890411 1.310837824 wtavg 

   

 
0.86 8.2 9.534883721 3.369913553 2.829415 

   G817R 1.06 2.36 2.226415094 0.786881793 
    

 
3.78 2.03 0.537037037 0.189804977 

    

 
4.86 1.94 0.399176955 0.141081094 

     

Appendix A. ADAMTSL2 GD-like mutant secretion data. 7/6/2012 and 7/25/2012 
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media igg myc 
normalized to 
igg indiv fold 

 
avg 

  wt 4.47 35.28 7.892617 1.37993502 
 

fold diff stdev sterror 

 
4.68 15.77 3.369658 0.589146665 WT 1 0.323577 0.186818 

 
4.44 26.18 5.896396 1.030918315 N813Q 0.105376 0.014641 0.008453 

n813q 7.26 3.89 0.535813 0.093680794 T815V 0.200554 0.026258 0.01516 

 
8.13 5.86 0.720787 0.126021503 N813Q;T815V 0.036316 0.021252 0.01227 

 
6.6 3.64 0.551515 0.096426195 

    t815v 2.75 2.93 1.065455 0.186282694 wtavg 
   

 
3.83 5.2 1.357702 0.237378922 5.719557 

   

 
3.87 3.94 1.018088 0.178001163 

    n813q;t815v 10.84 0.45 0.041513 0.007258064 
    

 
6.25 1.58 0.2528 0.044199225 

    

 
7.39 2.43 0.328823 0.057490941 

    

         

lysate igg myc 
normalized to 
igg indiv fold 

 
fold diff stdev sterror 

wt 9.72 21.91 2.254115 0.380042117 WT 1 0.496402 0.286598 

 
12.89 121.96 9.461598 1.595218267 N813Q 0.139673 0.04348 0.025103 

 
6.67 40.54 6.077961 1.024739616 T815V 1.212601 0.696137 0.401915 

n813q 13.38 15.25 1.139761 0.192162812 N813Q;T815V 0.214715 0.030568 0.017648 

 
15.61 13.07 0.837284 0.141165412 

    

 
10.31 5.24 0.508244 0.085689624 wtavg 

   t815v 9.23 16.62 1.80065 0.303588233 5.931225 
   

 
7.62 60.55 7.946194 1.339722317 

    

 
0.94 11.12 11.82979 1.994493152 

    n813q;t815v 8.78 11.61 1.322323 0.222942732 
    

 
7.71 7.95 1.031128 0.173847467 

    

 
14.9 21.86 1.467114 0.247354323 

     

Appendix B. ADAMTSL2 TSR6 mutant secretion data taken 7/25/2012  

 

 


