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Fig. 5. Thermostability of the Psfl fucoidanase. Psfl was pre-treated at different temperatures at the indicated time durations, followed by fucoidanase activity
assays on fucoidan from S. latissima (S] native) under optimal conditions. C-PAGE of fucoidanase activity of Psfl after pre-treatment (A) for 1-7 days at 4, 20, and
25 °C, and (B) for 2 to 240 min at 25, 30, 35, and 37 °C. (St) oligosaccharides standard produced from the enzymatic reaction of Fhfl on fucoidan from F. evanescens
[20]. Reaction conditions were 0.9 % fucoidan Sl, 0.3 mg/mL enzyme, 10 mM Tris buffer at pH 7, 10 mM CaCl,, and 80 mM NacCl at 25 °C for 8 h.
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Fig. 6. Time-course assessments of Psfl activity on the native fucoidan from S. latissima (S] fucoidan) (A) Time-course of enzymatic hydrolysis (at 25 °C, 80 mM
NaCl, 10 mM CaCl,, pH 7) in minutes () or in hours (h) is indicated at each well. (St) oligosaccharides standard producing from the enzymatic reaction of Fhfl on
fucoidan from F. evanescens [20]. (B) Size-exclusion chromatography of time-dependent Psfl action on fucoidan from S. latissima.

an increase in smaller oligosaccharide products that were in the mo-
lecular weight range of 3-10 kDa, and the higher molecular weight
bands on C-PAGE became gradually more evident.

These observations suggest that Psfl quickly degraded the very high
molecular weight fucoidan of 2-3 x 10° Da as well as the high molecular
weight fucoidans (300-400 kDa), but according to C-PAGE, the enzyme
was apparently unable to degrade the Sl fucoidan oligomers that had a
DP 10-12, which indicates that the Psfl cleavable sites in the fucoidan

10

were exhausted. Compared to the results obtained with the fucoidanase
Mef2 the resulting fucoidan oligosaccharide products were in essence
larger than anticipated from the Fhfl hydrolyzed F. evanescens standard
oligomeric products in the C-PAGE. The C-PAGE data are thus consistent
with the observed size distribution in the SEC meaning that the lowest
visible bands in the C-PAGE are likely larger in molar weight than DP
10-12.
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3.7. Separation of Psf1 hydrolysis products on fucoidan from S. latissima

The products from the Psfl catalyzed hydrolysis of fucoidan from
S. latissima were separated into two fractions using ethanol precipitation
(Fig. S4), a technique which has been shown previously to separate LMW
from MMW after fucoidanase hydrolysis [16,20]. The monosaccharide
composition confirmed the high prevalence of fucose and galactose
indicative of galactofucans in both the LMW and MMW fraction
(Table S4).

3.8. NMR spectroscopy

NMR spectroscopy of the intact S. latissima fucoidan (Sl native, which
was still acetylated and sulfated) showed three predominant spin sys-
tems likely deriving from a repetitive structural motif (Fig. 7A, Table 2).
Two of the major 'H—'3C HSQC-detectable spin systems could be
assigned to galactose units. This assignment was based on a distinct
coupling pattern in galactose yielding efficient magnetization transfer
between H1 and H4, but not between H4 and H5. The third major spin
system was identified as fucose. Doubling of '5—"3¢c HSQC signals and
the presence of weaker signals in the spectral region that is characteristic
of alpha-pyranosyl residues corrobated the heterogeneous nature of the
fucoidan. This interpretation is supported by literature data highlighting

International Journal of Biological Macromolecules 320 (2025) 145930

the complexity of the S. latissima fucoidan [6] and by the fact that the
monomer composition of the Sl native fraction is dominated by fucose
[16]. Chemical shifts and sequential assignments of the repetitive major
motif (shown in Fig. S5) are given in Table 2.

Linkage patterns were established based on HMBC and NOE corre-
lations across the glycosidic bonds. The linkage in this structural motif
was consistent with a previously reported structural motif detected in
the reinvestigation of desulfated S. latissima fractions [6] and with the
presence of galactose and fucose in the polysaccharide as determined by
monosaccharide analysis.

NMR spectroscopy on the native, acetylated fraction showed a strong
and characteristic deshielding of 'H3 in the terminal [«a-Fucp30A-
¢,40S03-(1—] unit to chemical shifts of 5.166 ppm/71.9 ppm for the
C3H3 group (Table 2). An equivalent deshielding at 'H2 in the adjacent
[—3)-p-Galp20Ac,40S03-(1—] unit to 5.118 ppm/70.9 ppm for the
C2H2 group (Table 2) witnesses that the preparation was predominantly
acetylated at O3 of the terminal a-fucosyl residue and at O2 of the
adjacent p-galactosyl residue. Sulfation could be determined by char-
acteristic deshielding of 'H and '3C chemical shifts.

Upon treatment with Psf1, this polymeric structural motif containing
a terminal [a-Fucp30Ac,40SO3(1—] residue remained intact, thus
showing that the terminal fucosyl residue was not cleaved off by Psfl.
Neither did chromatography indicate the release of monomeric fucose
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Fig. 7. NMR analysis of the hydrolyzed products obtained from degradation of fucoidan from S. latissima by Psfl. (A) 'H'*C HSQC spectra after cleavage of
S. latissima Sl native fucoidan (blue) with Psfl and comparison to the substrate "H'3C HSQC (grey). Some additional signals are highlighted by asterisks as a guide to
the eye. (B) 'H'3C HSQG (blue) and HMBC (red) spectra after cleavage of . latissima Sl native fucoidan with Psf1 and comparison to the substrate 'H'*C HSQC (grey).
Additional signals arise from released fucoidan and are consistent with predominant 4-sulfation of the emerging fucose signals, as judged from long-range corre-
lations between 'H-6 and '3C-4, and from characteristic chemical shifts above 4.8 ppm for 'H and near 80 ppm for '3C in the C4H4. (C) Structure of the repetitive
structural element in the S. latissima S] native fucoidan that is preserved upon treatment with Psf1. (D) Structural elements that get liberated by Psf1 include 2- and 4-

sulfation of fucosyl residues, low acetylation and some carbohydrate branching.
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Table 2
H (first line) and °C (second line) NMR chemical shift values (in ppm) for the Sl native polysaccharide fraction of S. latissima fucoidan. The same regular poly-

saccharide is preserved in the high molecular weight fraction after Psfl cleavage.

Residue\Atom 1 2 3 4 5 6
- 5.355 4.032 5.166 4711 4.570 1.263
-Fucp3OAc, 405031~ 100.3 66.5 71.9 77.7 66.5 16.2
, 4.770 5.118 3.939 4.605 3.798 3.802
~3)-p-Galp20Ac, 40505 (1~ 103.4 70.9 77.0 78.1 74.9 61.4
. 4.551 3.699 4.341 4.540 3.93 3.852/4.165
~46)-p- Galp3050; (1~ 103.6 69.5 80.7 74.1 73.8 69.6
through an exo-acting activity. The Psfl treatment thus released long the horizontal lines in Fig. 7B connecting HMBC signals (red) between
oligosaccharides and opposite to the substrate, signals for diverse H6 and C4 spins with their corresponding C4H4 signals in the HSQC
fucosyl-residues become more prominent, as these residues appear to (blue) for the newly liberated species. The O4-sulfation validates with
become more mobile upon Psfl-treatment and release from polymeric the liberated fucosyl-rich regions are not glycosylated at O4. In addition,
and heterogeneous regions. Considering that S. latissima fucoidan only the anomeric NMR signals are indicative of liberation of fucoidan from 1
contains 1 — 3 fucosyl stretches that are decorated with monomeric, to 3 linked a-fucosyl-rich stretches, including a spin system of a struc-

single-sulfate substituted 1 — 4 fucosyls in this substrate [16], and tural motif with a 2,3-branched fucosyl residue reported in a 1-3 linked
contain 1 — 2 attached single fucosyl residues branches [6], the a-fucosyl-rich stretch [6].

increased mobility in fucoidan oligosaccharides is indicative of endo-1,3
cleavage by Psfl, especially as the 1,4 linkages appear to remain intact.
These additional oligo—/polymeric fucoidans that are released by Psfl
are predominantly 4-sulfated, judging from a strong H4 deshielding that
is characteristic of sulfation. The C4H4 chemical shifts could be identi-
fied by correlating the H6 in 'H—3C HMBC spectra to the G4 carbon and
the C4 carbon to H4 in "H—'3C HSQC. These correlations are shown by

3.9. Impact of fucoidan and fucoidan oligosaccharide fractions obtained
from S. latissima on the cytokine secretion of IL-12p40 and IL-10 and
maturation of DCs

DCs were selected due to their central role as antigen-presenting cells
(APCs), particularly in initiating and directing adaptive immune
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Fig. 8. The impact of fucoidan and fucoidan oligosaccharide fractions from S. latissima and digested with Psfl on the cytokine secretion of IL-12p40 and IL-10 by DCs
and their expression of cell surface molecules, as well as the effect of Sl Psf1 LMW on DCs and T-cell crosstalk. DCs were matured and activated for 24 h by TNF-a, IL-
1p and LPS in the absence (Neg-DCs) or presence of Sl native, Sl Psf1l MMW or Sl Psf1 LMW. The experimental treatment was given as 100 pg/mL, except if otherwise
stated. The supernatants were collected and the concentration of IL-12p40 and IL-10 were determined by ELISA. The data are presented as secretion index (SI) of IL-
12p40 and IL-10 and proportional index (PI) between IL-12p40 and IL-10 in bar plots showing mean + SEM (A, C and D; n = 4-6). The PI was calculated as the SI
from IL-12p40 divided by SI from IL-10 (A). The effect of Sl Psf1 LMW on surface molecule expression was measured by flow cytometry using Sony SH800S flow
cytometry with results expressed as percentage of positive cells (n = 4). The dose-dependent effect of Sl Psf1 LMW response was investigated at 1, 10 and 100 pg/mL
(n = 4) (D). The secretion of IFN-y, IL-17 and IL-10 in the supernatant after co-culture of DCs matured without (DC + T-cells) or with the SI Psf1 LMW sample at 100
pg/mL and allogeneic CD4 " T-cells (DCs + T-cells + SI Psf1 LMW) at a ratiol:10 was measured by ELISA and results given as mean -+ SEM of SI of IFN-y, IL-17 and IL-
10 (n = 6) (D). Experimental treatments were compared with the Neg-DCs with one-way ANOVA utilizing Dunnett comparison test (A & C) or by unpaired t-test in (B
& D) using graphPad Prism (10.3.1 (509)). The * indicate p < 0.033, ** p < 0.002 and *** p < 0.001.
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responses. Unlike macrophages and B-cells, DCs are uniquely capable of
activating naive T-cells and are thus critical in shaping T-cell-mediated
immunity - a key focus in immunomodulatory research [46,47]. Human
monocyte-derived DCs offer a physiologically relevant in vitro model
that closely reflects human immune function. Their responsiveness to
pattern recognition receptor (PRR) ligands, such as polysaccharides,
makes them particularly suitable for studying structure-function re-
lationships of bioactive carbohydrates like fucoidans [48]. Treating DCs
with 100 pg/mL of the native fucoidan substrate (S native) and the two
fucoidan derivatives (Sl Psf1 MMW and S1 Psf1 LMW) did not affect their
viability as compared with Neg-DCs (Table S2). However, DCs treated
with 100 pg/mL of Sl native, SI Psf1 MMW and Sl Psf1 LMW secreted
different levels of IL-12p40 and IL-10 compared with Neg-DCs (Fig. 8A).
Stimulation of DCs with Sl native or SI Psf1 MMW led to a trend towards
increased secretion of IL-12p40 and decreased IL-10 secretion (by 22
and 25 %, respectively) as compared with Neg-DCs (Fig. 8A). In
contrast, when DCs were stimulated with Sl Psfl LMW a reduction in
secretion of IL-12p40 (by 29 %) was observed, which was comparable to
the reduction obtained in IL-12p40 secretion by VitD3-DCs (~30 %;
Fig. $6). In contrast, DCs stimulated with Sl Psf1 LMW did not affect the
IL-10 secretion compared with Neg-DCs (Fig. 8A). PI was calculated to
assess the polarization of cytokine secretion induced by the fucoidan
compounds. The PI values were higher for Sl native (significantly) and Sl
Psfl MMW (significantly) compared with the Neg-DCs, suggesting pro-
inflammatory effect, while PI for Sl Psfl LMW was decreased (by 29
%), suggesting an anti-inflammatory effect (Fig. 8A). Further investi-
gation was carried out to examine the Sl Psf1 LMW effect on cytokine
secretion using different concentrations (1, 10 and 100 pg/mL). IL-
12p40 secretion by DCs was significantly reduced in a dose-depended
manner when treated with S1 Psfl LMW at 1, 10 and 100 pg/mL (by
15, 22 and 32 %, respectively) (Fig. 8C). Similarly, a decrease in IL-10
secretion by 7 and 8 %, respectively, was observed for DCs treated
with S1 Psf1 LMW at 1 and 10 pg/mL, but not at 100 pg/mL (Fig. 8C).
This resulted in significant reduction in PI when DCs were treated with
S1 Psfl LMW at 100 pg/mL, indicating a possible anti-inflammatory ef-
fect (Fig. 8C), making it interesting for further allogeneic CD4" T-cells
co-culture experiments (see the section below). Neither buffer, consist-
ing of 50 mM NacCl and 10 mM CaCl,, nor the enzyme within the same
buffer influenced the cytokine secretion or the cell viability in the DC
model (Fig. S7 and Table S3).

Mature DCs lack expression of the monocytic marker CD14 but
upregulate their expression of the antigen-presenting molecule HLA-DR
and the co-stimulatory molecules CD40 and CD86. In addition,
monocyte-derived DCs express CD1c and CD141, as reviewed by Colin
and Bigley (2018) [49], and upregulate PD-L1 expression upon stimu-
lation [50]. Maturation of CD14" monocytes and subsequent activation
into mature DCs was confirmed by lack of CD14 expression and high
percentage of DCs expressing HLA-DR, which was not affected by
treatment of the DCs with S1 Psf1 LMW (Fig. 8B). The percentage of DCs
expressing other molecules analyzed was also unaffected by treating DCs
Sl Psfl LMW (Fig. 8B). In addition, when analyzing the levels of
expression by mean fluorescent intensity there was no difference be-
tween DCs treated with Sl Psfl LMW treated and Neg-DCs (data not
shown). These results indicate that fucoidan LMW fraction does not
hinder the DC maturation and activation, although it affects their
cytokine secretion.

3.10. Stimulation of allogeneic CD4" T-cells by Psf1 released S| LMW
treated DCs

Since DCs are important in directing immune responses by differ-
entiating naive T-cells, we investigated the effect of DCs matured in the
presence of S Psf1 LMW for 24 h on the cytokine secretion of co-cultured
allogeneic CD4" T-cells.

Our findings show a significant reduction of IFN-y secretion (by 37
%) and IL-10 secretion (by 24 %) by allogeneic CD4" T-cells co-cultured
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with DCs stimulated with Sl Psf1 LMW compared with those co-cultured
with DCs stimulated in the absences of Sl Psfl LMW, whereas IL-17
secretion was not affected (Fig. 8D).

4. Discussion

The analysis of substrate specificity of Psf1 indicated a preference for
a(l — 3) linkages, since activity was observed on fucoidans from
S. latissima, U. pinnatifida and S. oligocystum, all of which mainly contains
a(1 — 3)-linked fucosyl residues [6,35,37,51]. The data suggest that
Psfl has distinct recognition of the structural presentation of the
fucoidan structure near the scissile bond, as the highest activity of Psfl
was observed on fucoidan from S. latissima, which is mainly sulfated at
C4 and to lesser extent at C2 [6], while lower activity was observed on
fucoidans from U. pinnatifida [37,51] and no activity on fucoidan from
T. ornata [52], which contains higher degree of sulfated fucose residues
at C2 than on C4, suggesting that Psfl might have a preference for C4
sulfated fucoidans. However, C4 sulfations are also occurring in fucoi-
dans from F. evanescens and F. vesiculosus fucoidans, which are sulfated
at C2, C4, C2/C4, and C3 [53,54], but no activity was observed on these
fucoidans containing a backbone of alternating a(1 — 3)- and a(1 — 4)-
linkages, suggesting that other structural features in the fucoidans are
important for Psf1 activity.

Most fucoidanases show a high specificity towards the structural
motifs near the fucoidan cleavage site. Endo-a(1 — 3) fucoidanase ac-
tivity in the GH107 family has only been described previously for Mef2
[16], Fdal, and Fda2 [43,44]. Other characterized GH107 fucoidanases
were identified as endo-a(1 — 4) fucoidanases [18-21,23]. Therefore,
the discovery of Psfl as a new GH107 endo-a(1 — 3) fucoidanase dem-
onstrates the diversity of the fucoidanases.

Interestingly, Psf1 exhibited activity at significantly lower tempera-
tures than other fucoidanases, with activity detected at 10, 4 and even
1 °C. In addition, Psfl was able to remain active for a long time at 4 °C,
which has not previously been reported for other fucoidanases. Hence,
Psfl is the first cold-adapted fucoidanase described. In a biological
perspective, the psychrophilic fucoidanase Psfl, is likely an adaptation
required for Pseudoalteromonas sp. S3178 to feed on brown seaweed
fucoidans under the extreme environments this bacterium is inhabiting,
in the Arctic Ocean [31]. Other fucoidanases characterized to date have
low activity at temperatures below 20 °C [16,18,20,25,44].

Protein factors that determine cold adaption are not clearly known
but may include elements that increase flexibility of the enzyme struc-
ture, reducing the activation enthalpy for the reaction but at the cost of
stability. These include; increased flexibility of surface exposed loops
that mediate interactions with other secondary elements of the struc-
ture; a larger active site accommodating a more relaxed binding pocket;
differences in electrostatic potential to help align the substrate into the
pocket, a reduction in hydrophobic clusters; the clustering of glycine
residues providing mobility; the disappearance of proline residues in
loops; a reduction in arginine residues which are capable of forming salt
bridges and H-bonds; insertions and deletions to modify surface charge
and or secondary structure; and an increase in nonpolar side chains into
the surrounding medium [45]. Psfl does have a number of these indi-
cator when compared to P5A_FcnA, likely contributing to the cold
adaptation of Psfl.

Psfl contains several more flexible (higher RMSF) regions that are
also associated with the absence of key salt bridges connecting sec-
ondary structure elements of the enzyme. There is also a remarkable
positive electrostatic potential around the active site. There appears to
be little change to the hydrophobic clusters within the enzyme, though
there is an increase in the number of outwards facing hydrophobic side
groups, clustered in surface exposed a-helices. Psfl has more arginine
residues overall. While no single feature can be accredited to the cold
adaptivity of Psfl, a number of the mutations and their impact on the
stability/flexibility of Psfl in comparison to P5A FcnA may be
responsible.
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The potential immuno-regulatory effect observed in vitro of the
degradation products resulting from Psfl action on the S. latissima
fucoidan was noteworthy. Our results thus indicated that treatment of
DCs with either the high or medium molecular weight fucoidan samples
led to a tendency of increased secretion of IL-12p40 and decreased
secretion of IL-10, compared with the negative control, resulting in
PI>1, suggesting that Sl Native and Sl Psfl MMW induce an inflam-
matory response. This is consistent with previous studies demonstrating
that native fucoidan from various species of brown seaweed can induce
DC maturation in vitro, increase their IL-12p40 secretion, and promote
Thl cell responses in both human and mouse models [55,56]. In
contrast, Sl Psfl LMW fucoidan treatment significantly decreased IL-
12p40, in comparable levels to the well-documented ability of VitD3,
to inhibit IL-12 secretion from DCs and macrophages [57] in a dose-
dependent manner. IL-10 secretion was unaffected by SI Psfl LMW
treatment; taken together, these results suggest an overall anti-
inflammatory effect of the Sl Psfl LMW on the DCs activation [58].
The observed differences in immunomodulatory activity between the
LMW and MMW fractions suggest potential differences in receptor
binding, uptake, or intracellular trafficking. However, it might rather
reflect that the LMW fraction is more homogenous and likely less
viscous, which may facilitate enhanced interaction with specific pattern
recognition receptors. Previous studies have shown that molecular
weight and post-degradation modifications can influence the bioactivity
and physicochemical properties of fucoidans [59,60]. Based on this, we
hypothesize that differences in molecular weight may lead to distinct
receptor binding, internalization mechanisms, and subcellular localiza-
tion patterns. One possibility could be that LMW fucoidan modulates
signalling pathways e.g., via TLR4, potentially by partially blocking LPS
binding or activating regulatory feedback mechanisms, leading to NF-«xB
or STAT1 inhibition. It may also engage scavenger receptors or C-type
lectins like DC-SIGN, which can suppress TLR-driven inflammation
through Raf-1-mediated modulation of transcription [61]. In contrast,
MMW fucoidan may favour more conventional pro-inflammatory sig-
nalling. These contrasting effects may reflect size-related differences in
receptor accessibility, signalling outcomes, or intracellular trafficking.
DCs matured in the presence of Sl Psfl LMW fucoidan significantly
caused co-cultured allogeneic CD4" T-cells to secrete lower levels of
IFN-y without affecting the IL-17 secretion, which is consistent with
reduced IL-12p40 secretion. It cannot be determined whether the
decrease in IL-10 concentration in the co-culture supernatant is because
of decreased secretion by DCs or regulatory T-cells as both cell types can
produce IL-10. Thus, the decreased level of IL-10 may indicate a pro-
inflammatory response. However, previous studies have shown that
reduced IL-10 secretion in the co-culture does not affect the ability of
reduction of IL-12p40 to affect IFN-y secretion by co-cultured allogeneic
CD4" T-cells [62]. Importantly, although significant cytokine modula-
tion was observed, it remains necessary to consider whether these effects
could be partially attributed to altered cell proliferation or viability. A
recent study by Saliba and colleagues [63] demonstrated that certain
LMW fucoidans exhibit antiproliferative and proapoptotic effects on
murine splenocytes. In the present study, routine microscopic exami-
nation and viability assessment using Trypan Blue exclusion revealed no
morphological abnormalities or notable differences in viability and cell
number between control and treatment cell cultures. These findings
suggest that cytotoxicity is unlikely. However, the possibility of more
subtle antiproliferative effects influencing cytokine profiles cannot be
fully excluded. Since the IL-12p40 secretion from DCs decreased when
treated with Sl Psf1 LMW under LPS stimulation and subsequently the
IFN-y secretion by CD4" T-cells was reduced in co-culture, it may be
speculated that the Psfl LMW fucoidan sample might be inducing an
inhibition of the nuclear factor-kB activation [52,64]. This has already
been demonstrated in a study with human keratinocytes treated with
commercial fucoidan [65]. Therefore, despite the decreased IL-10 con-
centration observed in the co-culture supernatant, we suggest that Sl
Psfl LMW fucoidan has the potential to function as an anti-inflammatory
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5. Conclusions

This work studied the psychrophilic Psfl enzyme originating from
Pseudoalteromonas sp. S3178 isolated from a surface swap of a shrimp
caught in the Arctic Ocean. The stable and active fucoidanase was suc-
cessfully heterologously expressed, purified, and characterized. Psf1 was
suggested to be an endo-a(1 — 3)- fucoidanase that catalyzes the hy-
drolysis of a(1 — 3) linked fucose residues in the backbone of fucoidan
from S. latissima. These results also indicate that Psfl might be an
interesting candidate for industrial applications in fucoidan oligosac-
charide production where low temperatures could be beneficial.

While high and medium molecular weight fucoidans, including the
native S. latissima fucoidan and the MMW fraction resulting from Psfl
treatment, induced an inflammatory response in DCs, the low molecular
weight fucoidan fraction (Sl Psf1 LMW) demonstrated a dose-dependent
anti-inflammatory effect by significantly reducing IL-12p40 secretion by
DCs and IFN-y secretion without affecting IL-17 levels in co-cultures of
DCs and allogeneic CD4" T-cells. This suggests that Sl Psfl LMW may
have potential as an anti-inflammatory against e.g., chronic inflamma-
tory or autoimmune diseases. This study was designed to specifically
investigate potential anti-inflammatory effects on DC function by
measuring their cytokine secretion, and subsequently their interaction
with T cells (DC-T cell crosstalk). This is due to their pivotal role in
initiating and modulating immune responses. We acknowledge the po-
tential relevance of other APCs and consider this an important avenue
for future research. In addition, the Psfl released fucoidan oligosac-
charides from S. latissima fucoidan may be relevant for other applica-
tions, such as cosmetics and pharmaceuticals.
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Appendix A: Cytokine secretion induced by
investigated compounds

Table 10. Cytokine secretion by dendritic cells, treated with different poly-and oligosaccharides
from brown, green and red seaweed, respectively.

Fucoidan and Fucoidan Oligosaccharides

Species and ) Pro- or anti-
Cytokines . "

samples inflammatory

S. latissima IL-12p40 | IL-10

SLORF3 (1) l

deacetylated

SLORF3 HMP ! -

(Mef2)

SLORF3 LMP (Mef2) ! (1)

SLORF2 (thuti) _ (1)

deacetylated

SLORF2 HMP - -

(mef2)

SLORF2 LMP (mef2) (1) _

SLORF3 (TVTD) 1 !

Native

SLORF3 HMP 1 -

(Mef4)

SLORF3 LMP (Mef4) ! - Anti-inflammatory

SLORF3 HMP 1 !

(Mef3)

SLORF3 LMP (Mef3) ! 1 Anti-inflammatory
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SLORF3de. Mef2
HF3

(1)

SLORF3de. Mef2
HF4

(1)

SLORF3de. Mef2
HF5

Pro-inflammatory

SLORF3de. Mef2
HF6

SLORF3de. Mef2
HF7

()

F. evanescens

FeF2 (TVTD) Native

(1)

FeF2 HMP (Fhf1)

(1)

(1)

FeF2 HMP (Fhf2)

(1)

(1)

FeF2 LMP (Fhf2)

FeF3 (Vyha) Native

FeF3 LMP (Fhf1)

FeF4 (2M) HMP
(Mef2)

(1)

FeF4 (2M) LMP
(Mef2)

Ulvan and Ulvan Oli

gosaccharides

Species and
samples

Cytokines

Pro- or anti-inflammatory

U. lactuca (DTU)

04

TNF-

IL-

6

IL-12p40

IL-10

U. lac Crude

U. lac F1

U. lac F2
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U. lac F3 1 1

U. palmata (DTU)

U. pa Crude 1 -

U. pa F1 - (1)

U. pa F2 - (1)

U.paF3 (1) (1)

Elicityl Ulva fine

grade (Lund)

Ulvan fine grade

Ulvan mix B - -

Ulvan mix C - -

U. lactuca (Lund)

LL-Control (1 T 1 (1) Only one data point for IL-
12p40

LL-Sample m 1M Only one data point for IL-
12p40

Ulca sp. (Lund)

IH-Control 6] T 1) Only one data point for IL-
12p40

IH-Sample (1 Only one data point for IL-
12p40

Ulva papenfussii

LP-Control 6] T 1) Only one data point for IL-
12p40

LP-Sample ) Only one data point for IL-
12p40

Palmaria cell wall sugars and Oligosaccharides

Species and
samples

Cytokines

Pro- or anti-inflammatory
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P. palmata IL-12p40 | IL-10

Palmaria 308 - -

Palmaria 308 - 1

D10-E8

Palmaria 308 - -

E10-F4

Palmaria 308 - (1) Pro-inflammatory due to

F8-F12 decreased  secretion  of
IL-10

Palmaria 209 (1) 1 Anti-inflammatory, due to
increased IL-10 secretion,
but, this sample have not
been purified on the
Superdex30 column, thus
the strong effect observed
can be due to impurities in
the sample.

Palmaria 209 ! !

ET1-F1

Palmaria 209 F4-F7 (1) !

Palmaria209 F9-F11 ! !

Palmaria 209 ! !

F12-G3

Palmaria 209 ! !

G4-H8

Palmaria 209 (1) -

H9-H10

*Significant pro-or anti-inflammatory effect of a given sample, p < 0.05; -, indicate no

difference of cytokine secretion compared to a negative control; 1, indicates

significantly increased cytokine secretion; (1), indicates a trend towards an increased

cytokine secretion, but not significant; |, indicates significantly decreases cytokines

secretion; and (]), indicates a trend towards decreased cytokine secretion, but not

significantly.
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Table 11. Cytokine secretion from dendritic cells, treated with different compounds.

B-glucans with different origin

Species and

samples

Cytokines

Pro- or anti-inflammatory*

A. faecaeli

IL-12p40

IL-10

Curdlan

Anti-inflammatory

Curdlan DP5 (linear)

Curdlan DP8
(branched)

(1)

(1)

Curdlan DP11 (branch
on branch)

(1)

(1)

Anti-inflammatory

Species and
samples

Cytokines

Pro- or anti-inflammatory

S. cerevisiae

IL-12p40

IL-10

Nutramunity™
(Algalif)

Anti-inflammatory

Nutraminity oligo F1

Nutraminity oligo F2

Nutraminity oligo F3

Nutraminity oligo F4

Other compounds

Species and
samples

Cytokines

Pro- or anti-inflammatory

C. crispus
(carrageenan
samples)

IL-12p40

IL-10

C. crispus 61

(1)

C. crispus 61 D-E-F
(fraction)

Species and

Cytokines

Pro- or anti-inflammatory
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samples

Chondroitin Sulfate

IL-12p40

IL-10

Chondroitin Sulfate
AC DP4

Anti-inflammatory

GalNac4S

Species and
samples

Cytokines

Pro- or anti-inflammatory

Exopolysaccharides
from R. marinus

IL-12p40

IL-10

EPS 493

EPS 6611

(1)

EPS 493 defined
media
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