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1. Synthesis of CS-9, CS-10, CS-13, CS-14, and CS-15
1.1. Synthesis of CS-9

OR! OH
CoONa* R?O ab cooNa* R'O
o2 o2 T T o o 02
HO™™ oH  AcHN HO™™ oH AN
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(R'= SO5" R2=H) (R'= 805 or H)

(R'=H; R*= SOy’

(a) (i) IRA-120 (H* form), H20, (ii) n-BusN, r.t., 30 min; (b) MSTFA, Py, 100 °C, 20 h.

CS-9 was prepared from BusN-CS-6 salt. This salt (150 mg) was dissolved in pyri-
dine (15 mL) and N-methyl-N-trimethylsilyltrifluoroacetamide (0.37 mL) was added. The
reaction mixture was stirred at 100 °C for 20 h, and later this was cooled at 0 °C and water
(3 mL) was added, obtaining a solution that was dialyzed against Milli-Q water for 18 h.
The new solution was acidified by addition of Amberlite® IR-120(H* form) (500 mg),
being removed the resin after 15 min of stirring at room temperature by filtration. Fi-
nally, the pH of the obtained solution was increased until pH 10.0 with NaOH (aq) (2 M),
and the mixture was stirred for 2 additional hours. Finally, this was dialyzed against
deionized water using a 3.5 kDa cut-off dialysis membrane for 24 h and freeze-dried to
obtain CS-9 (yield: 72%).

1.2. Synthesis of CS-10

2R10 OH OR!
coo-Noa+ R0 ab COONa* HO . COONa* HO
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(a) (i) IRA-120 (H* form), H20, (ii) py, r.t., 30 min; (b) DMSO/H20 (10:1), 100 °C, 7 h; (c) SOs-py,
DME, 80 °C, 5.5 h.

CS-10 was prepared from py-CS-6 salt. Firstly, this salt was totally desulfated fol-
lowing the conditions described by Nagasawa et al [1]. In a second step, the obtained
desulfated-CS was regioselectively 6-O-sulfated. To do this, the polysaccharide (50 mg)
was dissolved in dry DMF (4 mL) and SOs-py (49 mg) was added. The obtained mixture
was stirred at 80 °C for 5.5 h and then the pH was increased until pH 10.5 with NaOH
(aq) (2 M), and the mixture was stirred for 2 additional hours. The obtained solution was
dialyzed against deionized water using a 3.5 kDa cut-off dialysis membrane and
freeze-dried to obtain CS-10 (yield: 62%).

1.3. Synthesis of CS-13, CS-14 and CS-15
1.3.1. General Procedure for Sulfation and Global Deprotection.

Intermediate polysaccharide (see below) (40 mg) was dissolved in DMF (1.0 mL),
which was freshly dried over 4 A molecular sieves and then treated with a 0.90 M solu-
tion of SOs-py complex in freshly dried DMF (1.7 mL). After overnight of stirring at 50 °C,
a saturated NaCl solution in acetone (4 mL) was added at r.t. The obtained yellowish
precipitate was collected by centrifugation and then suspended in deionized water (5.0
mL). The acid mixture (pH 2) was heated to 50 °C and stirred for 2 h to give a yellowish
solution that was cooled to r.t. and then treated with a 4 M NaOH solution to adjust pH
to 12. The solution was stirred at r.t. overnight, and then 1 M HCl was added until neu-
tralization. Dialysis and subsequent freeze-drying yielded final polysaccharide. To obtain
CS-13 an additional alkaline hydrolytic reaction was performed by treating a solution of
the obtained solid (23 mg in 1.9 mL of H20) first with 2:1 v/v aqueous 1 M LiOH-30%
H202(1.4 mL, pH 10) at r.t. overnight and then with 4 M NaOH solution to adjust pH to
12. The obtained solution was stirred at r.t. overnight, then neutralized with 1 M HCl,
and finally, treated with 1M NaCl (2.9 mL). After 1 h of stirring at r.t., the solution was
dialyzed and subsequently freeze-dried to yield final polysaccharides.

1.3.2. Synthesis of CS-13

HOOC Peooc COO Na' HO
\i;h! o so— é:“}
AcHN OBz AcHN 8 AcHN

(@) (i) Bz2O, DMF, 85 °C, 26 h; (ii) DMAP, py, r.t., 68 h; (iii) AcONa, MeOH, r.t., 26 h.

CS-13 was prepared from polysaccharide 2 which was obtained in turn following
the conditions described by us [2]. This intermediate 2 (114 mg, 0.242 mmol repeating
unit) was dissolved under an Ar atmosphere in DMF (5.0 mL), which was freshly dried
over 4 A molecular sieves. The solution was treated with BzO (1.64 g, 7.26 mmol) and
then heated to 85 °C. After 26 h of stirring, it was cooled to r.t. and treated with pyridine
(4.3 mL) and DMAP (59.1 mg, 0.484 mmol). The yellowish solution was stirred at r.t. for
68 h and then treated with methanol (4.3 mL) and sodium acetate (29.8 mg, 0.363 mmol).
After 26 h of stirring, it was concentrated by rotoevaporation to approximately 10 mL in
volume and then treated with diisopropyl-ether (25 mL). The obtained white precipitate
was collected by centrifugation, then dissolved in DMSO (4 mL), and precipitated again
with 2:1 v/v acetone-diisopropyl ether (18 mL). The white solid was collected by cen-
trifugation and dried under vacuum overnight to give crude derivative 3. Subsequently,
this intermediate was sulfated and deprotected according with general procedures de-
scribed above (section 1.3.1).
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1.3.3. Synthesis of CS-14.

CS-14 was obtained by direct sulfation of polysaccharide 2, followed by a global
deprotection (see section 1.3.1).

1.3.4. Synthesis of CS-15.

Ph

HOOC
{/HOOC AcHN {/
k‘;; - >'27 e éﬁi’
AcHN AcHN

Cs-15
Ry=SOs'Na*or H

(a) Bz2O, DMF, 85 °C, 26 h.

CS-15 was prepared form polysaccharide 2 which was obtained in turn following
the conditions described by us [2]. This polysaccharide 2 (44.4 mg, 94.7 umol repeating
unit) was dissolved under an Ar atmosphere in DMF (2.0 mL), which was freshly dried
over 4 A molecular sieves. The solution was treated with Bz2O (642 mg, 2.84 mmol) and
then heated to 85 °C. After 26 h of stirring, it was cooled to r.t. and treated with diiso-
propyl-ether (12 mL). The obtained white precipitate was collected by centrifugation and
dried under vacuum overnight. Crude derivative 4 (39.2 mg, 88.3% weight yield) was
obtained as a white powder. Subsequently, this intermediate was sulfated and depro-
tected according with general procedures described above (section 1.3.1).

2. Supplementary Tables

Table S1. 'H (plain) *C (italic) NMR chemical shift attribution of CS-7.

Residue 1 2 3 4 5 6 Other Signals
447 337 360 377 3.69
GleA 1051 735 751 835 77.8
461 404 479 411 424
GalNAc4,65 102.8 404 768 774 737 689
g : NAc: 2.02/23.8
GalNAc n.d ' nd. nd. nd. 6'2 3

Table S1. 'H (plain) 3C (italic) NMR chemical shift attribution of CS-8.

Residue 1 2 3 4 5 6 Other Signals
470 411 380 389 3.73
GleA2S 1032 807 741 811 779
459 393 414 393 420
GaINAc6S 1025 395 81.0 69.0 740 68.3 NAc:2.00/23.8
2.2 )
GalNAc n.d. 5 nd. nd. nd. 2272) NAc: 2.03/23.8

Table S3. 'H (plain) 13C (italic) NMR chemical shift attribution of CS-11.

Residue 1 2 3 4 5 6 Other Signals
4.57 358 436 395 379
CleA3S 1052 737 827 787 783
GalNAc6S n.d. 3.98 n.d. 415 387 420 NAc: 2.03/23.8

52.2 68.5 735 674




Polymers 2021, 13, 313

4 of 8

GalNAc

4.52
102.6

379 4.09
82.2  68.9

3.63
76.0

3.77
62.5

NAc: 2.03/23.8

Table S4. 'H (plain) C (italic) NMR chemical shift attribution of CS-12.

Residue 1 2 3 4 5 6 Other Signals
491 442 490 444 4.
GleA2,35 102 7 79.8 789.(1) 78.5 79(?2
GalNAC6S 140?.75 401 383 272; %92 ;L;; NAc: 2.05/23.8
Ganac M2 R0 82347 S Ao

Table S5. Representative Molecular weights of polysaccharides.

Polysaccharide Mw (kDa) Mn (kDa) PI
CS-1 705 51+4 1.37
CS-2 69+5 55+5 1.25
CS-3 60+6 51+5 1.17
CS-4 45+4 34+3 1.32
CS-5 44 +5 34+4 1.29
CS-6 7.05+0.2 6.7+0.1 1.05
CS-9 6.13+0.3 59+0.4 1.03

CS-10 6.80+0.2 6.53£0.1 1.04
CS-13 7.3+0.2 557+0.3 1.31
CS-14 9.7+0.1 740+0.4 1.31
CS-15 82+0.9 6.12+0.5 1.34

Table S6. Comparison between zeta potential values of several polysaccharides with similar

composition.
Polysaccharide Deng;S?;SS:;;f]ation Zeta-Potential
CS-6 25:9772:3 -16.8 £ 0.265
[a] 25:13:26 -16.6 £ 0.274
[a] 25:22:50 -16.9 £ 0.533
[a] 25:?::63 -17.9 £ 0.865
[a] 25:205:75 -19.8£1.12
CS-10 8 6?0(? 14 -21.3+£0.917
Cs-9 0:7755:25 -16.4 £ 0.964

[a] These polysaccharides have been analyzed previously [see:

2018, 202, 211-218

3. Supplementary Figures

Benito-Arenas, R. et al. Carbohydr. Polym.
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Figure S1.'H and DEPT-HSQC NMR spectra (400 MHz, D20, 298 K) of CS-7.
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Figure S2. '"H and DEPT-HSQC NMR spectra (400 MHz, D20, 298 K) of CS-8.
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Figure S3.'H and DEPT-HSQC NMR spectra (400 MHz, D20, 298 K) of CS-11.
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Figure S4. 'H and DEPT-HSQC NMR spectra (400 MHz, D20, 298 K) of CS-12
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Figure S5. (a) SPR sensograms for binding affinity measurements for FGF-2/CS-1 interactions. Concentrations of CS-1
(from bottom to top) were: 20 nM, 35 nM, 50 nM, 200 nM, 500 nM, 1000 nM, 2000 nM, 5000 nM, 10000 nM, and 25000 nM.
(b) Representation of SPR values at the steady state against polysaccharide concentration in the dissociation phase.
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Figure S6. SPR sensograms for binding affinity measurements for FGF-2/CS-7 interactions. Concentrations of CS-7 (from
bottom to top) were: 3.12 nM, 6.2 nM, 9.37 nM, 12.5 nM, 31 nM, 62 nM, 125 nM, 620 nM, 3120 nM, 12500 nM.
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Figure S7. SPR sensograms for binding affinity measurements for FGF-2/CS-15 interactions. Concentrations of CS-15
(from bottom to top) were: 10 nM, 20 nM, 35 nM, 50 nM, 75 nM, 100 nM, 200 nM, 500 nM, 1000 nM, 10000 nM, 25000 nM

and 51500 nM .
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