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Main bulk products from seaweeds are produced using mechanical
and/or physicochemical extraction/fractionation technologies.

A
A

Seaweed meal
Hydrocolloids: alginate, carrageenan ..

Biocatalytic” tools”, enzymes and microbes, may offer new product
BOS_SIbIhtIe_S and greater resource efficiency besides being environmental
enign options to harsh physicochemical processes harmful to the

environment.

Fermented seaweeds

Bioactive oligosaccharides,

Fermentable sugars,

Rare sugars,

Platform- and specialty chemicals,

Energy carriers (biofuels)

Possibilities are largely unexplored,
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Enzymatic refining of polysaccharides from Brown
macroalgae

L aminarin

A 1,3-(1,6)-beta-glucan

Aim: to use enzymes to make branched oligosaccharides
enhanced in bioactivity
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Investigated enzymes that could circularize beta-
glucans in Proeobacteria
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http://www.plantphysiol.org/content/vol119/issue3/images/large/pp0395491003.jpeg

Membrane bound enzymes in &t

~

o Proteobacteria: . £ & ¢

Type |: a two domain protein including a GH17 domain and a GT2 domain with two

transmembrane regions.

Type II: a GH17 with one region: 7 transmembrane helices at the C terminal end.
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Comparison of the activity GH17 dgmaln yfrom

i two different speciess ¢
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What type of linkages are formed?

Incubation 48 hours 72 hours
Substrate DP5
Ge mm G‘-v-)&zm
@ “ Aok linear Pro-Glc 4
G GZGm'B
i o ‘“ *‘ LR
l l I \M' branched Pro-Gle g-ol linear Pro-Glc g
Ge Go GGWB

Ga  Ge Gop
Gz
— Ga GB

linear Pro-Glcg

branched Pro-Glc 44-ol

Substrate: Laminarioligosaccharide DP5 (both donor and acceptor)

When donor is depleted, hydrolysis occurs, and initially formed branched products are being
degraded into linear kinked products

after prolonged reaction kinked linear products are formed 26% internal B-1,6-linkages
are observed
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Enzyme toolbox for for production of complex mixed linkage,
kinked or highly branched, cyclic or linear (3-glucans from
laminarin polysaccharides, in vitro .

Ga  GC Gu
Gz
Ge W Gp

kinked
Matis has isolated and characterized a
number of different transglucosidases
T Gl active on beta-1,3 glucan
or branched awow wa polysaccharides such as laminarin.

A patent hasaquired acquired for the
branching transglucosidase

or cyclic
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Variety oI beta- glucans havingﬁeéglr!;hbe_gefits

Table 1. Examples of P-glucans with different structures,
isolated from different natural sources (Stone and Clarke, 1992)

Type of p-glucan Matural source — trivial name of
(structure description) fglucan
(1,3)-fi-glucans — bacterium Alcaligenes faecalis —
(linzar, homogeneous) curdlan
- algae Euglena gracilis — paramylon
— Paria cocos — pachyman

- Vitis vinifera — callose
— tamarack (Larix laricina) — laricinan

A)(1,6)-fi-glucans - algae Laminaria sp. - laminarin

(linear with {1,6)-linked — Claviceps purpurea — wall glucan
L. L. f-ghucosyl side branches) Eclerotinia sclerotiorum — wall glocan
Anti-inflammatory activity (L3016 -glucans brown algae Eisenia by~ <=
(limear with {1,6)-linked f-glucosyl inarin
or [i-gentobiosyl side branches) mushroom Lentinula edodes - wall

glucan
(1.3)(1,68)-f-glucans - yeast Saccharontyces cerevisiae — cell
on branch™ structure) wall glhacan
- mushroom Schizophyllem commuine -
wall glucan
(1.3).(1,4)-f-ghucans (linear) - cereal p-glucans
— leeland moss Cetraria islandica -
licheni
(1.3)(1.4)-f-glucans (linear with - oyster moshroom (Pleurotus
(1,4)-linked p-glucosyl side ostreatus) — wall glocan

branches)
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macroalgae

Alginate

A polyuronate

Aim: cell free synthesis of a platform chemical, KDG
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Alginate degradatio‘n" g°

Matis has developed and expressed in high yield
thermophilic alginate lyases for near complete
degradation of alginate to unsaturated mono-
uroantes/DEH
Avilable in different hosts

E. coli

B. subtilis

Lactobacillus reuterii
For preprocssing of macroalgal biomass

A d

Alg1 dsp AC Alg2 AN AC Alg3 Alga
T opt 70 80 72 2
pH opt 8.5 8.5 7.0 H7.0

Unknown/endo

Exo-oligoalginate

Catalytic type Poly G + poly M Poly M

-

sup pelj sup pell sup pejl sup pell sup pgll sup pell sup pell sup pellsup pel‘l sup pel‘l

T T T T T
Algl dsp Algl dsp AC Alg2 AN AC Alg3 Alg4 neg. control

R mras

Unsaturated oligosaccharide

HO(;}H i O(I) H reductase (': He
Hog: 0 == c:;Hz = Hoc::H == Entner-Doudoroff pathway
COOH
DEH KDG
mg:m"‘ R e pretorn

Adapted from Takase et al., 2010. Biochim Biophys Acta; 1807(9): 1925-36




——/'
020 ; §\\ European

=— Commission

Figure 17. Degradation pattern of AlgRm3 on M-block
1D 'H NMR DP, =~21 be1o " | HPAEC
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Alg4’ an exo-type alginate lyase.

=1 —oligo-alginate lyase

Figure 20. Degradation pattern of AlgRm4 on M-block
1D 'H NMR 0P, =~21 HPAEC
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 Celf free synthesis of platform chemcials and building

 blocks from metabolites of alginate catabolism

- )

ooos Unsaturated oligosaccharide

3 g
HOH H e
HOCH O == L, loty = Entner-Doudoroff pathway
| i CH,OH
DEH KDG
m:’:m“"h':: de (4-deoxy-L-erythro- (2+keto-3-deoxy

hexoseulose uronic acid) D-gluconic acid)
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One-pot synthesis of KDG from alginate and 5rhinariri

A d

Monomeric- i .
uronate Oligo alginate
(DEH) oH Endo-type
CHO HE Exo-type alginate
HOCH  non- Hobﬂ alginate lyases  \lyases
HOCH enzymatic I
i 4—————— HOCH O '« Alginate
CH, or CH A1-IV
=0 -J VsOalABC
1 KdgF (Il
COOH COOH
Glucgg:gte coon
. . c=0
H—C—OH Dihydroxyacid &n
HO—&—H dehydratase ‘ o
I HCOH
H—C—OH -
DEH reductase e
Lon ko —p FDCA -> Bioplastics
- NAD(PJH + j
A1-R/A1-R',
\ NAD(P)* GDH16
v CHO
?OOH H—(I:‘—‘OH
o e
CH, HOo (|: H Laminarinase +
HCOH H—¢—OH Beta-glucosidase
H(':OH H—C—OH < Laminarin
CH,OH CH,OH
KDG Glucose

FDCA -> Bioplastics
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Alginic acid digestion (top row): DEH production, bottom row KDG producion

.

o

aik N1 '\

0 1 2 3 4 5 7 24 0 1 2 3 4 5 6 24 OaElipet s 4 5624 0 I 2 3 4 5 7 24

40 °C + reductase + NADH 50 °C + reductase + NADH 60 °C + reductase + NADH 70 °C + reductase + NADH

Alginic acid digestion and DEH redcution (bottom row): KDG production
Alg3, Alg4 and Adh51 (DEH reductase)



Bio-based Industries "’ B| -BASED

Consortium . INDUSTRIES

* 4 WP -Private Partrerdip

Brown algae
biomass

Alginate Laminarinase

Alginate lyases
9 y Beta-glucosidase

Uronic acid Glucose
KdgF Lol : Glucose
FegenErase dehydrogenase
NAD(P)H
= =
DEH NAD(P)* Gluconate
.4
DEH reductase ” Gluconate
dehydratase

KDG
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