
Li et al., Heparin binding specificity and structures in the FGF family 1 

Supplemental Information 

Heparin binding preference and structures in the fibroblast growth factor family 

parallel their evolutionary diversification 

Yong Li
1
, Changye Sun

1
, Edwin A. Yates

1
, Chao Jiang

2
, Mark C. Wilkinson

1
, David G. 

Fernig
1
 

1
Department of Biochemistry, Institute of Integrative Biology, Biosciences Building, 

University of Liverpool, Crown Street, Liverpool L69 7ZB, United Kingdom 

2
School of Pharmaceutical Science, Wenzhou Medical University, Chashan University Park, 

Wenzhou 325035, China 

 

 

Corresponding Author:  

David G. Fernig, Department of Biochemistry, Biosciences Building, University of Liverpool, 

Crown Street, Liverpool L69 7ZB, UK. Tel.: +441517954471; Fax: +441517954406; E-mail: 

dgfernig@liverpool.ac.uk. 

 

  



Li et al., Heparin binding specificity and structures in the FGF family 2 

Table of contents 

Figure S1 Stabilization effect of heparin on FGF10 3 

Figure S2 Stabilization effect of heparin on FGF4 4 

Figure S3 Stabilization effect of heparin on HT-FGF6 5 

Figure S4 Stabilization effect of heparin on FGF17 6 

Figure S5 Stabilization effect of heparin on FGF20 7 

Figure S6 The average molecular mass per volume unit volume and the differential  8 

 refractive index of FGF20  

Table S1 Summary of peptides of FGFs identified by lysine targeted Protect and  9 

 Label structural proteomics  

Figure S7 Peptides corresponding to trypsin digested FGF3 10 

Figure S8 Peptides corresponding to thermolysin digested FGF3 11 

Figure S9 Peptides corresponding to chymotrypsin digested FGF3 12 

Figure S10 Peptides corresponding to trypsin digested FGF10 13 

Figure S11 Peptides corresponding to chymotrypsin digested FGF10 14 

Figure S12 Peptides corresponding to chymotrypsin digested FGF4 15 

Figure S13 Peptides corresponding to chymotrypsin digested FGF4 (2) 16 

Figure S14 Peptides corresponding to thermolysin digested FGF4 17 

Figure S15 Peptides corresponding to trypsin digested HT-FGF6 18 

Figure S16 Peptides corresponding to chymotrypsin digested HT-FGF6 19 

Figure S17 Peptides corresponding to Glu-C digested FGF17 20 

Figure S18 Peptides corresponding to chymotrypsin digested FGF17 21 

Figure S19 Peptides corresponding to thermolysin digested FGF17 22 

Figure S20 Peptides corresponding to trypsin and Glu-C digested FGF17 23 

Figure S21 Peptides corresponding to trypsin digested FGF17 24 

Figure S22 Peptides corresponding to chymotrypsin digested FGF20 25 

Figure S23 Peptides corresponding to thermolysin digested FGF20 26 

 



Li et al., Heparin binding specificity and structures in the FGF family 3 

Figure S1 Stabilization effect of heparin on FGF10. Differential scanning fluorimetry of 5 μM 

FGF10 in the presence of various concentrations of heparin. (a) melting curve profiles of FGF10 (5 

μM) with a range of heparin concentrations (0-100 μM). (b) first derivative of the melting curves of 

FGF10 in (a). (c) peak of the first derivative of the melting curves from (b), which is the melting 

temperature, Tm (mean of triplicate ± S.E.). 
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Figure S2 Stabilization effect of heparin on FGF4. Differential scanning fluorimetry of 5 μM FGF4 

in the presence of various concentrations of heparin. (a) melting curve profiles of FGF4 (5 μM) with a 

range of heparin concentrations (0-100 μM). (b) first derivative of the melting curves of FGF4 in (a). 

(c) peak of the first derivative of the melting curves from (b), which is the melting temperature, Tm 

(mean of triplicate ± S.E.). 
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Figure S3 Stabilization effect of heparin on HT-FGF6. Differential scanning fluorimetry of 5 μM 

HT-FGF6 in the presence of various concentrations of heparin. (a)  melting curve profiles of HT-

FGF6 (5 μM) with a range of heparin concentrations (0-100 μM). (b) first derivative of the melting 

curves of HT-FGF6 in (a). (c) the melting temperature of Halo protein with and without heparin (2.5 

µM and 10 µM). (d) peak of the first derivative of the melting curves from (b), which is the melting 

temperature, Tm (mean of triplicate ± S.E.). 
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Figure S4 Stabilization effect of heparin on FGF17. Differential scanning fluorimetry of 5 μM 

FGF17 in the presence of various concentrations of heparin. (a) melting curve profiles of FGF17 (5 

μM) with a range of heparin concentrations (0-100 μM). (b) first derivative of the melting curves of 

FGF17 in (a). (c) peak of the first derivative of the melting curves from (b), which is the melting 

temperature, Tm (mean of triplicate ± S.E.). 
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Figure S5 Stabilization effect of heparin on FGF20. Differential scanning fluorimetry of 5 μM 

FGF20 in the presence of various concentrations of heparin. (a) melting curve profiles of FGF20 (5 

μM) with a range of heparin concentrations (0-100 μM). (b) first derivative of the melting curves of 

FGF20 in (a). (c) peak of the first derivative of the melting curves from (b), which is the melting 

temperature, Tm (mean of triplicate ± S.E.). 
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Figure S6 The average molecular mass per volume unit volume and the differential refractive 

index of FGF20. The red line shows the different reflective index (dRI). The blue line indicates the 

molecular mass of FGFs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Li et al., Heparin binding specificity and structures in the FGF family 9 

Table S1 

Summary of peptides of FGFs identified by lysine targeted Protect and Label structural 

proteomics 

Labelled peptides were identified by MALDI-Q-TOF and analysed by MS-digest from the package 

ProteinProspector v 5.12.3. A full list of identified peptides is provided in this table. Four proteases 

used for protein digestion were trypsin (TRY), thermolysin (THE), chymotrypsin (CHY), Glu-c (GLU) 

and mixture of trypsin and Glu-C (TG). 
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Figure S7 Peptides corresponding to trypsin digested FGF3, (Data summary in Tables 2 and S1). 

 

 

FGF3 TRYPSIN 201113

800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400
m/z0

100

%

YL FGF3 TRYPSIN 201113 13b4  25 (0.722) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (1,30.00 ); Cm (1:61) TOF LD+ 
4.87e31758.3

1505.1

865.6

1402.0

1211.8

936.2

989.4
1120.7

1320.9

1574.2

2340.0

1990.1

1857.3

2215.9

2159.0

2041.3

2523.8

2749.4
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Figure S8 Peptides corresponding to thermolysin digested FGF3, (Data summary in Table 2 and S1). 

 

 

  

FGF3 thermolysin 261113

800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400
m/z0

100

%

YL FGF3 Thermolysin 261113 13b4  66 (1.950) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (1,30.00 ); Cm (1:86) TOF LD+ 
462858.8

2820.6

2159.3

2059.41059.4

1968.81379.3 1669.7

1730.7

2757.1

2586.5

2284.1
2699.7

3353.8

3045.9
3458.3



Li et al., Heparin binding specificity and structures in the FGF family 12 

Figure S9 Peptides corresponding to chymotrypsin digested FGF3, (Data summary in Table 2). 

 

 

FGF3(P) CHYMOTRYPSIN 151113

800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800
m/z0

100

%

YL FGF3(P) CHYMOTRYPSIN 151113 13b4  17 (0.501) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (1,30.00 ); Cm (1:79) TOF LD+ 
2.79e31839.4

859.7

960.4

1305.11163.0 1615.5

1368.2

1459.3

1713.6

2344.2

2079.5

2207.3
2569.9

2876.6
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Figure S10 Peptides corresponding to trypsin digested FGF10, (Data summary in Table 2). 

 

 

 

  

YL FGF10 TRY 160714 

600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400
m/z0

100

%

YL FGF10 TRY 160714   8 (0.235) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (1,30.00 ); Cm (3:53) TOF LD+ 
1.65e3

1632.5
658.2

973.5

789.5

735.3
863.1

1448.9
1232.2

1096.0 1285.6

2301.6

1795.1
2241.01993.1 3131.12408.2 2869.12574.32676.8 2982.9 3311.7 3435.3
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Figure S11 Peptides corresponding to chymotrypsin digested FGF10, (Data summary in Table 2 and 

S1). 

 

 

  

YL FGF10 CHYMO 160714 

600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400
m/z0

100

%

YL FGF10 CHYMO 160714   45 (1.348) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (1,30.00 ); Cm (3:64) TOF LD+ 
1.74e3

1335.9

658.2

607.5

1034.5

801.4

863.0

947.5
1260.1

1197.3

1640.3

1391.9

1552.6
2933.52821.9

1922.8 3117.0
3405.2
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Figure S12 Peptides corresponding to chymotrypsin digested FGF4, (Data summary in Table 3 and 

S1). Due to variability in the digestion of FGF4, two spectra are shown (Figures S12 and S13). 

 

  

FGF4PLS Chymorypsin

800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
m/z0

100

%

YL 140813 chymo  6 (0.163) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (4,30.00 ); Cm (2:63) TOF LD+ 
1.57e3967.4

781.9

865.8 1351.2

1234.1

1037.9

1167.0

1431.4

1535.4

2296.6

2141.7

1966.6
1782.6

2077.7 2960.8
2383.5 2506.4
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Figure S13 Peptides corresponding to chymotrypsin digested FGF4, (Data summary in Table 3 and 

S1). Due to variability in the digestion of FGF4, two spectra are shown (Figures S12 and S13). 

 

 

  

FGF4PLS Thermolysin

800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
m/z0

100

%

YL 140813 thermo  5 (0.140) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (4,30.00 ); Cm (2:52) TOF LD+ 
1.68e3865.7

765.8

1595.4

1077.4

981.6

1288.6

1151.9

1237.0

1400.1

1499.7

2030.5

1717.4

1867.5

1986.5
2130.4 2620.12435.3

2735.0 2919.7
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Figure S14 Peptides corresponding to thermolysin digested FGF4 (2), (Data summary in Table 3). 

 

  

PLS FGF4 thermolysin 2

800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600
m/z0

100

%

YL 310713c  30 (0.889) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (4,30.00 ); Cm (2:115) TOF LD+ 
892859.9

1071.6

981.7

1718.7

1311.2

1148.9
1589.6

1463.4

2030.8

1822.5 1926.6

2435.7

2213.1 2373.5

2620.6

2545.4
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Figure S15 Peptides corresponding to trypsin digested HT-FGF6, (Data summary in Table 3). 

 

 

 

  

FGF6(P) TRYPSIN 201113

800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400
m/z0

100

%

YL FGF6(P) TRYPSIN 201113 13b4  28 (0.824) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (1,30.00 ); Cm (1:84) TOF LD+ 
1.18e32300.8

1908.1

859.5

932.1
1505.9

1072.5
1253.8

1418.7

1818.0

1642.9

2145.9

2058.0

2213.9

2485.6

2431.7

3173.1

2619.4

3087.5

3480.2

3295.7
3417.3
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Figure S16 Peptides corresponding to chymotrypsin digested HT-FGF6, (Data summary in Table 3 

and S1). 

 

 

  

FGF6(P) CHYMOTRYPSIN 151113

850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 1800 1850
m/z0

100

%

YL FGF6(P) CHYMOTRYPSIN 151113 13b4  18 (0.514) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (1,30.00 ); Cm (1:69) TOF LD+ 
1.32e4948.1

919.0

859.5

839.8

875.5

1081.5

970.2

1038.5996.2

1795.1

1568.81370.8

1237.7

1118.6

1174.6

1283.2 1434.9

1461.0

1590.8
1748.1

1644.0

1711.1
1671.0

1817.1

1885.0
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Figure S17 Peptides corresponding to Glu-C digested FGF17, (Data summary in Table 4 and S1). 

 

 

  

PLS FGF17 Glu-C

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900
m/z0

100

%

YL 020813  85 (2.443) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (4,30.00 ); Cm (1:86) TOF LD+ 
1.53e31077.9

1259.6

1216.6

1464.9

1419.0

1630.1

1815.3

1764.4

1980.5

2267.6

2084.5
2493.5

2310.5 2952.1
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Figure S18 Peptides corresponding to chymotrypsin digested FGF17, (Data summary in Table 4 and 

S1). 

 

 

  

PLS FGF17 chymotrypsin 2

800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600
m/z0

100

%

YL 310713b  43 (1.260) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (4,30.00 ); Cm (2:68) TOF LD+ 
1.74e31547.7

917.5

865.9

1116.1

967.7
1053.0

1292.3

1233.2

1476.5

1385.5

2165.9
1848.9

1732.8

1663.8
1803.9

1981.9

1929.8

2093.7

2032.9

2277.7

2503.5
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Figure S19 Peptides corresponding to thermolysin digested FGF17, (Data summary in Table 4 and 

S1). 

 

 

 

  

PLS FGF17 thermolysin 2

800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800
m/z0

100

%

YL 310713d  34 (1.001) Sm (SG, 2x3.00); Sb (4,30.00 ); Cm (7:83) TOF LD+ 
2.23e3865.8

1077.5

983.1

2570.3
2386.5

1288.6

1200.2

1571.5

2294.51717.5 2093.41878.5

2754.0

3009.7
3192.3

3844.33332.2
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Figure S20 Peptides corresponding to trypsin and Glu-C digested FGF17, (Data summary in Table 

S1). 
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Figure S21 Peptides corresponding to trypsin digested FGF17, (Data summary in Table S1). 

 

 

  

FGF17PLS Trypsin

900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900
m/z0

100

%

YL 2280813 Trypsin  12 (0.348) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (4,30.00 ); Cm (2:68) TOF LD+ 
2.23e31023.6

957.4

1125.9

1077.4

1395.2

1281.0

1237.0

1329.0

2348.2

2211.4

2137.4

1811.4

2001.4

1953.5 2044.5

2306.2

2532.0

2758.6

2799.5
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Figure S22 Peptides corresponding to chymotrypsin digested FGF20, (Data summary in Table 5). 

 

 

  

YL FGF20 Chymotrypsin 160114

800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900
m/z0

100

%

YL FGF20 Chymotrypsin 160114  40 (1.185) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (1,30.00 ); Cm (2:78) TOF LD+ 
1.13e32066.3

1563.8

866.0

1093.7

1165.4 1387.61300.4 1510.6
1678.9

1828.2 1940.1
2022.3

2249.2

2192.1

2697.7

2576.12447.0
2876.6

2761.8 2954.0
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Figure S23 Peptides corresponding to thermolysin digested FGF20, (Data summary in Table 5). 

 

YL FGF20 Thermolysin 190214

800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800
m/z0

100

%

YL FGF20 Thermolysin 190214  43 (1.267) Cn (Cen,1, 80.00, Ht); Sm (SG, 2x3.00); Sb (1,30.00 ); Cm (2:60) TOF LD+ 
58.53128.4

1590.9914.0

852.7 1470.7

1174.4986.9

1050.6
1326.4

2672.12413.2
2284.5

1834.4

2072.2
1931.9

2592.0

2948.1

2817.0

2737.7

3515.6

3375.3

3992.63745.4

3675.7
3853.9


