Supplementary file 1

Table S1. Protein characteristics based on the recombinant sequences calculated by ProtParam and NetNGlyc.

Protein-name | Amino acids N-glycosylation sites Molar mass kDa Theoretical pl Ext. coefficient (¢ [M'cm™])
PsAIg7A 231 1 25.446 4.46 30035
PsAlg7B 233 1 25.995 5.20 36900
PsAlg7C 234 1 25.852 4.86 36565
PsMan8A 773 10 85.307 4.48 151190
A B

PsAIg7A PsAlg78 PsAlg7C PsMangA
kDa kDa kDa kDa
250 |y |
150 b 250
250 | s 100 s
150 | s
100 75 . 150 - 20 S 250 (e
75 | 50 [ 100 W b 150 .. 150
. 100 .
50— 37 (. : 75 - 5 - 0w WY
' - s —EndoH 75 -__EndoH
37 (- 50 we 50
—— — 50
25 . 37 -
20 [ v - 37 -
3 —_— 5 @ —PsAlg78
20 | 20 - ;Z : 25 :
10 20
P 1 . 0 - 10

10 R

Figure S1. SDS-PAGE of the purified recombinant enzymes: (A) Untreated purified enzymes; (B) PsAlg7B and PsMan8A after EndoH
deglycosylation treatment.
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Figure S2. Dendrogram rendering of the maximum likelihood phylogenetic tree of PL8 sequences. Genbank accession numbers are
placed at the ends of the nodes.



= Velocty
0.00050 Fitted Y of Velocity| ol0030; —
0.00045 0.0018
0.0018 0.0008 //.
0.00040 g o
= ~ 00014 = .
p 0.00035 2 oone % 0.0000
£ cooeso i3 i3
0.0010
z 2z 2 0.0004
§ ocouzs 8 o.0008 §
ORI —
s > 010066 7 T
0.00020 . R ) 0.0002 ; pE
0.00015 0.0004 g ozirs 1aiosscs .’} aias 5 144364
0.0002 . 0.0000 R
0.00010
0.0000 !
[ 5 0 15 E) B3 3 ] 10 2 30 o 0 G 1 20 3 40 s 60 70
Alginic acid (mM) Polymannuronic acid (mM) Polyguluronic acid (mM)
0.00008
0.000050 0.000045
— e
— ) 0.00007 H 0000040
0.000045 ~
~ — © 0.000035
» N » 0.00008 E
00005, E
E E ﬁ 0.000030
£ 0000005 § 00000 § ooooozs
3 .
2 [ P e B 0.000020
0.000030 e o o 0.00004 & S— £
= T 0.000015
0.000025 0.00003 - 0.000010
o 2 4 & & 10 12 1s 10 T 10 20 20 ) EY o0 G 10 20 30 40 s 6 70 80
Alginic acid (mM) Polymannuronic acid (mi) Polyguluronic acid (mM)
0.00016
0.00024 Qo001
0.00014 0.00022 /——i——i‘ii
0.00012
000020 ~
-.é 0.00012 @ 000018 3 ocooro
5 000010 < 0.00018 gu.oooos
8 g 0.00014 0.00008
3 2
2 00000 2 000012 3
£ 0.00004
0.00010
0.00008
0.00008 0.00002
0.00004 - 0.00006 1 0.00000 .
[ 10 20 B ) G 10 20 3 4 s 6o 70 80 G 1 20 3 40 s 6 70 80
Alginate (mM) Polymannuronic acid (mM) Polyguluronic acid (mM)
0.0014 4
0.0012
_0.0010 4
‘ln
= 0.0008 - §
E
z
£ 0.000e
3
3
> 0.0004
0.0002
0.0000
C 10 20 30 40 s e 70 80
Polymannuronic acid (mM)

Figure S3. Dot plots of initial velocities vs. substrate concentration with the Michaelis-Menten model fitted by Origin (red line): (A)
PsAlg7A; (B) PsAlg7B; (C) PsAlg7C; (D) PsMan8A.



PsAlg7A and PsMan8A on alginate
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PsAlg7A and PsMan8A on polyM
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Figure S4-1. Barcharts of the averaged intensities from the LC-ESI-MS analysis of time-course experiments for the alginate lyases.
These data show the underlying values represented in the Figure 6 heat maps in the main article: Here, specifically the results for
the action of the individual enzymes PsAlg7A and PsMan8A on alginate and polyM, respectively (explanations behind the LC-ESI-MS
data interpretations are outlined in Figures S5-S8, below). Error bars represent standard deviation from triplicate experiments.
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PsAlg7A and PsMan8A synergy on alginate and polyM

Tie k. i“ ||I ||iii |‘ ||‘ ‘hl I‘hl llLh.

© e & ® ® ® @
& & N & o & o B
R N}\p \Q}c N’ i o0 o & \p ¢0 Q,c B o
W &
& & @a‘& < & <2 2 2 (\%V‘g\
S Q3 Q3 < Qs\"\ B\ B\ SN &
Cilad Kilad Xing \ad tiag ’\V;e ’\V:e ) 3 S
o N3 N I S 2o &

mDP1 mDP2 mDP3 = DP4 mDP5 mDP6 mDP7 mDP8 mDP9

PsAlg7B and PsAlg7C on alginate
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Figure S4-11. Barcharts of the averaged intensities from the LC-ESI-MS analysis of time-course experiments for the alginate lyases.
These data show the underlying values represented in the Figure 6 heat maps in the main article: Here, specifically the results for
the combinations of enzymes PsAlg7A and PsMan8A on alginate and polyM, respectively (upper panel) and the data for the
individual actions of PsAlg7B and PsAlg7C on alginate (lower panel). Error bars represent standard deviation from triplicate

experiments.



PsAlg7B and PsAlg7C on polyM

2,5E408

2,0E+08

1,56408
z
2 1
g
£ T

1,06+08 ]

5,08407 I

00Es00 - il. - II. . ii_ i Il. L | | I | P | | [ i__ 1. “ I

© © © & © N o © © N
o « A o o « o i o «
» »> w7 > ¥ \ »> »¥ ™ oy
& O & &N < & o RS o P
ORI < < ® U & & o
< e e Pt Q(,\x\" < P e Pt ng\q’
®DPL WDP2 mDP3 ©DP4 mDP5 mDP6 MDP7 MDPS DP9
PsAlg7B and PsAlg7C on polyG
1,4E407
1,26407

1,06407
8,0E406
z I I
i I |
= 6,0E+06 ) Il r nl
I= I
i L \ ‘ ; i ‘
4,06406 i ‘ I“ If |
- I ‘ | ‘ i || | i I I | ‘ E‘ | |
0,06400 ‘ i i ‘ I- I_ il . | ‘ i H I, il ‘ . i
& & & & & & <& & & <
S A ® M o° ™ o S o
(Y N N\ A\ N » Na N\ N\ \s
N ° ° @ » 9 C ® ® >
N XA @ & 1 W & & @ ¢
o o o o & od o & o &

mDP1 mDP2 mDP3 ©=DP4 =DPS mDP6 mDP7 mDP8 mDP9

Figure S4-11I. Barcharts of the averaged intensities from the LC-ESI-MS analysis of time-course experiments for the alginate lyases.
These data show the underlying values represented in the Figure 6 heat maps in the main article: Here, specifically the results for

the enzymes PsAlg7B and PsAlg7C acting on polyM (upper panel) and on polyG (lower panel). Error bars represent standard
deviation from triplicate experiments.
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Figure S5. Elution profile of observed structures from PsAlg7A acting on polyM after 120 min. Extracted ion chromatograms of DP1-
7 corresponding to retention times of DP1: 5.1 min, DP2: 22.9 min, DP3: 29.3 min, DP4: 34.0 min, DP5: 37.8 min, DP6: 41.3 min,
DP7: 44.3 min.
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Figure S6. A: Extracted ion chromatogram of 176 and 351 m/z from PsMan8A acting on polyM after 120 min indicating DP1 at 5.0
min, DP2 at 23.1 min (0.1-0.2 min shift in retention time, compared to figure S5) B: full scan at 5.0 min. Red rhombus indicates the
most abundant and second most abundant peaks. C: Fragmentation pattern of 175 m/z at 5.0 min. Blue rhombus indicates mother
ion. D: Fragmentation pattern of 351 m/z at 5.0 min. Blue rhombus indicates mother ion. E: Fragmentation pattern of 351 m/z at
23.0 min. Blue rhombus indicates mother ion.
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Figure S7. Product development of DP1 over time. lon extracted chromatograms of 175 and 351 m/z in reactions of PsAlg7A acting
on polyM after A: 5 min, B: 10 min, C: 20 min, D: 60 min, E: 120 min. The time course reveals no development of DP1 over time for
the endo-lytic PsAlg7A.
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Figure S8. Product development of DP1 over time: lon extracted chromatograms of 175 and 351 m/z in reactions of PMan8A acting
on polyM after A: 5 min, B: 10 min, C: 20 min, D: 60 min, E: 120 min. The time course reveals a clear development of DP1 for the
exo-lytic PsMan8A.

Notes to Supplementary Figures S5-S8

The major masses at 5.0 minutes are 175 and 351 m/z. 175 m/z correspond to the [M-H]* adduct of monomeric dehydrated
hexuronic acid. 351 m/z corresponds to a hexuronic acid monomer in a di-adduct state [2M-H]"* due to the ionization process
diagnosed by the lack of fragmentation in the range between 175 and 351 m/z. Contrary to this is the fragmentation of 351 m/z at
23.0 min (Figure S6, D) showing fragments in the range between 175 and 351 m/z, indicating the presence of the [M-H]* adduct of
DP2. Hence, in order to quantify the formation of DP1 relatively, the extracted ion chromatogram of DP1 is comprised of both 175
and 351 m/z.
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