Supplementary Information

Table S1. Percent identity matrix of the catalytic D1 domain of Mef2 and the characterized members of the GH107 family

MfFcnA FFA1 Fhfl FFA2 FWfl FWIf3 P5AFcnA PI19DFcnA Mef2  Fdal Fda2  SVI_0379

MfFcnA/34-418* 83 72 63 53 38 16 17 14 23 23 26
FFA1/31-415* 83 72 62 54 37 16 17 14 23 23 25
Fhf1/29-447* 72 72 68 54 38 17 17 16 25 24 25
FFA2/41-433* 63 62 68 52 39 17 17 16 23 22 25
FWf£1/15-439* 53 54 54 52 40 17 16 13 24 25 23
FW{3/213-589* 38 37 38 39 40 15 18 15 23 24 22
P5AFcnA/36-393* 16 16 17 17 17 17 72 39 22 23 22
P19DFcnA/31-393* 17 17 17 17 16 18 72 40 23 24 22
Mef2/22-383* 14 14 16 16 13 15 39 40 21 23 20
Fdal/23-372* 23 23 25 23 24 23 22 23 21 72 44
Fda2/84-439* 23 23 24 22 25 24 23 24 23 72 40
SVI_0379/26-367* 26 25 25 25 23 22 22 22 20 44 40

* Indicate the amino acid sequence numbers used for the analysis

Table S2. Thermostability by DLS of Mef2 with Ca? and without Ca?*

Mef2 Stability Tm (°C)
Mef2 - Ca?* 37.9+£0.05
Mef2 + Ca2* 444 +0.03




Table S3. Monosaccharide composition of fucoidan fraction 4 (FeF4) purified from enzymatic extracts of F. evanescence

FeF4
Fucose 88.1+0.0
Newtral Rhamnose 0.8 +0.0
eutra
monosaccharides Galactose 73 +£0.3
(mol%) Glucose 0.7 0.1
Xylose 1.1 +0.1
Mannose 02 £0.0
Guluronic acid 0.1 £0.1
Uronic acids (%)  Glucuronic acid 05 +0.2
Mannuronic acid 1.1 +£05
Sulfate (%) 38.1+1.2

The data are given in %mol (relative level) of total carbohydrates analyzed in the fucoidan fractions



Table S4. Monosaccharide composition of fucoidan fractions purified from enzymatic extracts of S. latissima from Ocean Rainforest

SIF1 SIF2 SIF3 SIF4
Fucose 31.7<+2.2 69.0a + 0.8 58.6 + 0.3 63.16+0.5
Rhamnose 0.4c +0.1 1.00 +0.0 0.8>¢+0.0 2.00 +0.1
Neutral
] Galactose 0.5¢ +0.1 17.4c+ 0.2 34.82+0.4 2210+ 0.0
monosaccharides
(mol%) Glucose 0.3¢ +0.0 0.4¢ +0.0 0.5> +0.0 0.92 +0.0
maolo
Xylose 2.4¢ +0.3 51> +0.2 2.7¢ +0.1 732 +0.3
Mannose 0.6¢ +0.1 212 0.1 1.0c 0.0 1.8> +0.0
Guluronic acid 2.5 0.1 0.2> +0.1 0.1> +0.0 0.2> 0.0
Uronic acids (%)  Glucuronic acid 1.3b¢+0.3 372 +0.4 1.1¢ £0.0 2.3 £0.0
Mannuronic acid 60.2a+3.2 1.26 +0.1 04> +0.3 0.5 +0.1
Sulfate (%) 11.3¢+1.0 28.4b +2.1 35.62+0.4 32.1a+3.1

The data are given in %mol (relative level) of total carbohydrates analyzed in the fucoidan fractions
Different superscript letters a,b,c indicate statistically different values (p < 0.05) between the values in the fucoidan fractions



Table S5. Monosaccharide composition of S. latissima MMP after Mef2 hydrolysis

MMP

Fucose 48.1 +£0.0

Rhamnose 1.0 £0.6

Neutral = Galactose 44.0+37
monosaccharides

o Glucose 03 x0.2

(mol%)

Xylose 23 +0.3

Mannose 1.7 +£1.9

Guluronic acid 1.6 £1.2

Uronic acids (%)  Glucuronic acid 0.7 £0.1

Mannuronic acid 0.3 x05

Sulfate (%) 342+18

The data are given in %mol (relative level) of total carbohydrates analyzed in the fucoidan fractions

Table S6. Monosaccharide composition and sulfate content of fractionated S. latissima MMP

Monosaccharide composition

Fractions Sulfate, %
Fuc:Gal:Rha:Glu:Xyl:Man:GuluA:GluA:ManA (mol:mol)
MF1 1:0.29:0.07: 0.02 : 0.14 : 0.02: 0.00: 0.02: 0.02 521+0.8
MF2 1:0.42:0.06: 0.02: 0.12 : 0.02: 0.00: 0.01: 0.02 482+19
MF3 1:0.56:0.04: 0.02: 0.07 : 0.01: 0.00: 0.01: 0.01 521+0.8
MF4 1:0.52:0.03: 0.02: 0.06 : 0.01: 0.00: 0.00: 0.01 54.8+29
MF5 1:0.73:0.03: 0.02 : 0.07 : 0.01: 0.00: 0.00: 0.01 27.8+1.6
MF6 1:0.65:0.03:0.02: 0.06 : 0.01: 0.00: 0.00: 0.02 28.7+3.3




Table S7. Monosaccharide composition of fucoidan fraction 3 from different brown seaweed species

S. polycystum  S. oligocystum  S. serratum T. ornata H. cuneiformis  S. mcclurei
Fucose 46.74+ 4.5 66.4c £34 81.520 + 0.8 85.62+0.3 72.7°<+0.0 78.520 £ 1.7
Neutral Rhamnose 0.52 +0.4 082 =+0.6 022 =00 0.0 +0.0 032 =+04 032 +0.0
eutra
Galactose 26.12+4.9 24320 +23 9.7¢ +04 9.9¢ 0.5 20.22» + 0.4 15.4b<+ 0.5
monosaccharides
(%mol) Glucose 1.3= £0.0 07> +0.3 0.2b¢ +0.0 0.2b¢+0.0 0.2¢ +0.1 0.1¢ =0.1
mo
° Xylose 18.32£2.6 3.8 +0.1 3.7 +0.2 0.8> +0.0 26> +0.1 2.8 +0.3
Mannose 0.0 +0.0 1.1= +£0.0 0.6> +0.0 0.20¢+0.1 0.0 0.0 0.0 0.0
Guluronic acid 0.7 +0.2 0.1» +0.0 012 +0.0 0.22 +0.0 04> =02 01> +=0.1
Uronic acids o
(%mol) Glucuronicacid 0.6 +0.1 1.0 +0.1 052 +0.0 052 +0.2 1.0 +0.4 052 +02
mo
° Mannuronic acid 522 £0.5 1.8= +0.0 34> 0.1 252 +0.0 24> 03 200 +21
Sulfate (%) 24.6c+0.8 27.7¢ +1.8 38.12 +4.0 29.4bc+2.3 314> +26

The data are given in %mol (relative level) of total carbohydrates analyzed in the fucoidan fractions
Different superscript letters a,b,c indicate statistically different values (p < 0.05) between the values in the fucoidan samples
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Figure S1. Multiple alignment of the catalytic domain (D1) of the fucoidanases Mef2 with other GH107
family members. The conserved catalytic amino acid aspartate (red) and histidine (blue) are indicated.
Conserved amino acids around the -1 subsite are indicated purple. Changes in conserved positions (orange
and underlined) are indicated. Mef2 (GenBank: ON099398), Fhfl (RefSeq: WP_066217780), Fhf2 (RefSeq:
WP_066217784.1), Fhf3 (RefSeq:WP_066217796.1), FFAl (RefSeq: WP_057784217.1), FFA2 (RefSeq:
WP_057784219.1), Fdal (GenBank: AAO00508.1), Fda2 (GenBank: AAO00509.1), MfFcnA (GenBank:
CAI47003.1), PSAFcnA (GenBank: AYF59291.1), P19DFcnA (GenBank: AYF59292.1), SVI_0379 (GenBank:
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Figure S2. Recombinant expression and purification of the Mef2 fucoidanase. SDS-PAGE of a) purified
Mef2 (2)(expression at 20 °C, O/N) and c) crude (3) and purified Mef2 (2)(expression at 37 °C, 4h).
Western blot of b) purified Mef2 (2)(expression at 20 °C, O/N) and d) crude (3) and purified Mef2
(2)(expression at 37 °C, 4h). 1) Protein standards.
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Figure S3. Thermostability assessments of Mef2 by DLS. a) Thermostability of Mef2 without Ca?* and b)
with Ca?.
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Figure S4. PARAFAC first component scores versus enzyme dosage were plotted to build calibrations. a)
for Mef2 on F. evanescens FeF4 fucoidans with R?=0.97, b) for Mef2 on S. latissima SIF4 fucoidans with
R>=0.98.
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Figure S5. NMR analysis of deacetylation of S. latissima fucoidans. Circle indicates acetylations, which were
gone after the deacetylation process.
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Figure S6. Flow-chart of enzymatic hydrolysis of fucoidans from S. latissima and further product separation
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Figure S7. Medium and low molecular weight fucoidans after Mef2 hydrolysis of fucoidans from S.
latissima. a) 1) DeSIF3; 2) DeSIF3 + heat 90 °C, 10 min; 3) DeSIF3 + heat 90 °C, 1 hour; 4) DeSIF3 + Mef2; 5)
MMP from DeSIF3 + Mef2; 6) LMP from DeSIF3 + Mef2; 7) MMP (DeSIF3 + Mef2) + Mef2; 8) LMP (DeSIF3
+ Mef2) + Mef2. The standard (St) is the product profile of FFA2 treatment of fucoidan from F. evanescens.
b) HP-SEC chromatograms of MMP and LMP of Mef2 on fucoidan from S. latissima.
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Figure S8. Separation of S. latissima MMP products on DEAE macroprep column. The total sugar content
was detected by the phenol-sulfuric acid method.
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Figure S9. 'H-'"H TOCSY NMR spectrum for the deacetylated S. latissima MMP. The spectrum
shows the correlations between H1, H2, H3 and H4 for the three spin systems I, ] and K in the
MMP described in Figure 7d and in Table 3.
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Figure S10. Separation of S. latissima LMP products on Q sepharose High Performance column. The total
sugar content was detected by the phenol-sulfuric acid method.
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Figure S11. The proposed structure of the S. latissima OF2 fraction
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Figure 512. 'H-C NMR spectra of LMP from F. evanescens fucoidan after Mef2 hydrolysis. Upon cleavage
of F. evanescens fucoidans, the reducing end is not visible due to limitations with regards to material and
due to length of the product. Arrows indicate possible Mef2 cleavage sites.
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Figure S13. HP-SEC chromatogram of fucoidan fractions from S. latissima from Ocean Rainforest after IEX
purification. The SIF1 fraction contains low molecular weight compounds (likely partially degraded
alginates) of around 2 - 12 kDa and a proportion of HMP compounds between ~200-600 kDa. The SIF2 and
SIF3 contain HMP fucoidan compounds ranging from ~250 kDa to over 800 kDa. The SIF4 contain more
HMP compounds ranging from ~300 kDa to over 800 kDa. Pullulan was used as standard.
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