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Supplemental Tables

Supplemental Table S1. Influence of galactose and glucose on enzymatic activity.

Activity of recombinant Aspergillus galactosidases and non-recombinant A. oryzae

galactosidase (*) in the presence of different concentrations of galactose and glucose. For

each enzyme, the activities at various conditions are shown in relation to the maximal

activity measured for that enzyme. Average values (% activity) +/- standard error are

shown.

_galactose [mM] | A. niger rlacA | A. nidulans rlacA | A. nidulans rlacB | A.oryzae*
0 100 +/- 0.0 58.9 +/- 0.1 100 +/- 0.5 100 +/- 2.6
0.95 90.3 +/-1.5 100 +/- 0.1 719 +/-4.2 304 +/-5.4
4.75 65.8 +/- 1.7 92.2 +/-3.4 33.7 +/- 2.7 23.8+/-1.2
9.5 47.9 +/- 0.3 39.7 +/- 4.8 24.8 +/- 2.7 23.4 +/-4.6
47.5 15.9 +/- 0.2 34.6 +/- 5.9 4.6 +/-0.7 12.5+/- 3.0
95 51+/-0.2 16.6 +/- 0.2 2.6 +/-0.3 8.9 +/-1.7
475 25+/-0.1 4.14 +/- 0.0 0.2 +/-0.1 25+/-14
950 1.0 +/-0.3 1.72 +/- 0.3 0.2 +/-0.5 0.3+/-0.0
_glucose [mM] | A. niger rlacA | A. nidulans rlacA | A. nidulans rlacB A.oryzae*
0 82.2+/-7.3 45.3 +/-1.7 79.6 +/- 5.9 62.6 +/- 5.3
9.5 90.2 +/- 5.2 51.7 +/-1.0 80.1 +/- 0.3 67.5+/-2.9
23.75 96.5 +/-5.3 51.2+/-3.4 97.1 +/-10.4 70.0 +/- 5.5
47.5 91.6 +/- 3.1 57.3+/-1.8 97.7 +/- 3.1 77.7 +/-1.5
95 99.2 +/- 0.5 714 +/-3.4 99.1 +/-13.3 86.9 +/- 5.1
190 100.0 +/-1.3 93.0 +/- 2.8 100.0 +/- 8.5 100.0 +/-10.1
950 90.8 +/- 3.2 100 +/- 6.6 82.2 +/- 8.2 88.1 +/- 13.0
1900 61.8 +/- 0.9 76.0 +/- 3.1 61.8 +/-1.6 72.2 +/-1.9
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Supplemental Table S2. 3-1,3 activity using lacto-N-tetraose as substrate.

Ratio of p-1,3 activity and B-1,4 activity after 2, 24 and 48h is shown. For A. niger and A.

nidulans rlacA, values after 24 and 48h (marked with an asterisk) overestimate the activity

as almost complete conversion of lacto-N-neotetraose (p-1,4 substrate) already occurred

after 2h (see Figure 4 in the main manuscript).

Ratio of B-1,3 activity vs §-1,4

activity a[:‘ter [h] of ir¥cub£tion 2 24 48
A. niger rlacA 0.027 0.242* 0.616*
A. nidulans rlacA 0.043 0.429* 0.979*
A. nidulans rlacB 0.005 0.195 0.280
A. oryzae galactosidase 0.019 0.081 0.429
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Supplemental Fig. S1 Sequence alignment of the three recombinant galactosidases

The sequences used in the current study are depicted. Conserved sequence motifs (yellow,

green, orange, grey, light blue) and C-terminal myc (red) and HIS tags (dark blue) are

highlighted.
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A A nigerrlacA

al FTHWPSRPSRI ETASIEHEIH GFTLTEHSDP REELLI]EYV TWDDESLFIH I}EB]][IFSEE F]‘[PFBLPU]_’EE LQLDIF I]EVE
51 ALGFNCVSFY VDWALVEGKP GEYRADGIFD LEPFFDAASE AGIYLLARPG PYINAESSGG GFPGULQRVE GTLRSSDEAY
161 LDATDNYVSH VAATTARYQI TNGGPIILYQ PENEYTSGCC GVEFPDPVYM QYVEDQARNA GWVIPLIHHD ASASGHHAPG
241 TGKGAVDIYG HDSYPLGFDC ANPTVWPSGD LPTHFRTLHL EQ3SPTTPYAI VEFQGGSYDP WGGPGFAACS ELLNNEFERV
321 FYENDFSFQI ATMNLYMIFG GTNWGNLGYP NGYTSYDYGS AVTESRHITR EKYSELKLLG HFARKVSPGYL TASPGNLTTS
401 GYADTTDLTV TPLLGNSTGS FFVVRHSDYS SEESTSYKLR LPTSAGSVTI PQLGGTLTLN GRDSKIHVTD YNVSGTNIILY
481 ST‘FLEVFTW& FADGEVLVLY GGAGEHHELA ISTESNVTVI EGSEEGIﬁgg QTSSSVUVEH DVSTTRRITIQ VGDLRILLLD
561 RNSAYNYWWP QLATDGTSPG FETPEKVASS IIVKAGYLVR TAYLKGSGLY LTADFNATTS VEVIGVPSTA KNLFINGDKT
641 SHIVDEKNGIW SATVDYNAPD ISLPSLKDLD WEYVDTLPEI (QSSYDDSLWP AADLKQTKNT LRSLTTPTSL YSSDYGFHTG
721 YLLYRGHFTA TGNESTFAID TOGGSAFGSS VWLNGTYLGS WTGLYANSDY NATYNLPOLQ AGKTYVITWVV IDNMGLEENW
801 TVGEDLMKTP RGILNFLLAG RPS3AISVKL TGHNLGGEDYE DKVRGPLNEG GLYAER(QGFH QPEPPSQHWK S3SPLEGLSE
8§81 AGIGFYSASF DLDLPKGWDV PLFLNIGHST TPSPYRV(QVY VHGYQYAKYI SHIGP(QTSFF VPEGILNYRG THWLAVTLWA
961 LDSAGGKLES LELSYTTPVL TALGEVESVD QPKYKKRKGA YAAASFLEQK LISEEDLNSA VDHHHHHH

B A. nidulans rlacA

1 FVALTHELNG FTITEHPDAE KRELLQKYVT WDDKSLF ING ERIMIFGAEI HPWRLPVPSL WRDILQKVKA LGFHCYSFYV
§1 DWALLEGKPG EYRAEGSFAW EPFFDAASDL GIYLIARPGP YINAEASGGG FPGWLQRLHG TIRSSDQSYL DATENYVSHI
161 GGLIAKYQIT NGGPVILYQP DNEYSGGCCG QEFPNPDYFQ YVIDQARRAG IVVPTISHDA WPGGHHAPGT GKGEVDIYGH
241 DNYPPSTPYA LVEYQVGAFD PUGGPGFEQC ARLTGYEFER VFHENTFSFG VGILSLYNTF GGTNUGNLGH PGGYTSYDYG
321 SPIKETREIT REKYSELKLL GNFIKSSPGY LLATPGKLTH TTYTHTADLT VTPLLGHGTG SFFVLRHSDY SSQASTPYKL
401 FLPTSAGQLT IPQLGGSLVL NGRDSKVHLY DYDVAGTKIL YSTAEVFTWK KFHDGKVLVL YGGPGEHHEL AVSSKAKVRV
431 VEGLGSGISS KQIRGAVVVA WDVEPARRIV QIGDLKIFLL DRNSAYNYWV PQLGTETSIP YATEKAVAAS VIVKAGYLVR
561 TAYVEGRDLH LTADFNATTP VEVIGAPKTA ENLF INGKEA HHTVDKNGIW STEVGYSPPK IVLPVLEDLK WKSIDTLPEIL
641 QPSYDDSPWP DANLPTKNTI YPLRTPTSLY ASDYGFHTGY LLFRGHFTAN GRESNFSIOQT QGGQAFGSSYV WLIGTYLGSW
721 TGDNDYQDYN ATVTLPSLEA GEEYVFTVVV DNNGLNENUI VGQDEMEKPR GILNYELSGH EASDITWKLT GHFGGEDYVD
501 KVRGPLHEGG LYAERHGYHQ PYPPTKSKDW KSSTPLTGLS KPGISFYTAS FDLDIKSGWD VPIYFEFGHS TTPAPAYRV(
501 LYVNGWQYGK YUNNIGPQTR FFVPEGILNY KGTNUVAVTL WALEGSGAKL DSFKLVHGIP VRTALDVEGV ELPRY(QSRKG
961 VYAAASFLEQ KLISEEDLNS AVDHHHHHE

C A. nidulans rlacB

1 -FQNSSQSEHP IHDNGLSEVV QWDHYSFYIH EQBIFLFSGE FHYUEIPVPI!. LH]_IDILEEIE ALIGFTGFAFY SSWAYHAPNN
81 QWDFSTGAE DITPIYDLA§ ELGMYIIVRP GPYVINAEALSA GGFPLULTTG AYGQTBNDDP BY_'TEAHEPYF IIEUSEITSEY
161 QUVTDGHYTLC YQIENEYGQQ WIGDPBDEJIP HOTAIAYMEL LQASAEEH’E‘-I TVYPLTGHDPH l-ﬂlTESWGSDW SDAGGNLDTV
241 GLDSYPSCWS CDVSVCTGTN GEWPYE‘U‘LD YYDYFQEVOP TMPFFMPEFQ GGSYNPWDGP EGGCTEDTGA DFILNLFYE“'N
321 IGQB‘VSAHSL THMFGGTHNWG GIAAPVTASS YDYSAPISED BS IGSEHET _KLLALFTECIL _KDLTMTDBLG- HNGTQYTDNEA
401 VIJ‘LSELBNPD TWNALAFYVTTH LDTTVGTDES FELH‘.’NTSEG BLTIPB.HGGT IBLNG}I]‘[SEI IVTDFIFGSE TLLYSTAEVL
451 TYAVFDRKPT LVLUVPTGES GEFAIKGAKS GSVAKCSGCS NIKFHRDSGS LTVAFTQGEG ISVLOLDNGY RVVLLDROKA
561 YTFWAPALTD HPLVPEGESVY LVSGPYLU]_IT ‘!LE.'LRI_ISTLTL EGDSEGETE_E IFAPEIE‘CV mwg:umn!‘ BTSYGST.EAI
641 LAKPPSVELP T].HGW.EYSDS LPEEFPTYDD SGALVVDANH MTTPNPNEPA TLPVLYADEY GFHNG-VBLWB GYFNSSASGY
721 YLNIQGGAAF GWSAWLNGHF LGSHLGSASI QQANGTLDFP ANTLNTEGTP NVLLVVHDDT GHDOTTGVLIN FBGILEII.BLL
801 SEASDHNHDDD SPGFT}[WEVE GTAGGESDLD PV]_IGVYNEDG LEEEVGHT[L PI}FDDSEU}\T VHGTSLSFTG IKTVEFFBTVI
8581 PPLSIPENTD VSISFVFSTP NVNNTSAGHNT SAFEAQLF\FN I}YQYEBYNPY VGHQUVVYPVP PGILDYNGEN TIGVAVUAQT
961 EAGABLHI.DH mGSSL DAGELD‘USGL RPGHN'EEB_EB FAARASFLEQ EL ISEEDLNS AVDHHHHHHi

Supplemental Fig. S2 Protein identity verification by mass fingerprint analysis

Purified (A) A. niger rlacA (B) A. nidulans rlacA and (C) A. nidulans rlacB were subjected to
digestion with trypsin and subsequently analyzed by MALDI-TOF/TOF MS. Amino acid
sequences in red font represent protein sequence covered by tryptic peptides whereas
underlined positions indicate trypsin cleavage sites. Sequences underlined in grey
represent amino acid sequences that were attached to the native protein during cloning.
Sequences highlighted in red and blue indicate recombinant c-myc and His-tag and amino

acid triplets highlighted in green indicate potential N-glycosylation sites.
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Supplemental Fig. S3 Divalent metal ion susceptibility of recombinant
galactosidases.

PNPG Reactions were supplemented with (A) 10 mM and (B) 1 mM of the respective metal
salts. Black bars - A. niger rlacA, light grey bars - A. nidulans rlacA and grey bars - A.
nidulans rlacB. Values represent averages +/- standard error. % relative activity compared

with standard reactions without ion supplementation (= 100 %) is shown.
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Supplemental Fig. S4 Temperature stability of Aspergillus B-galactosidases.

The B-galactosidases were incubated at indicated temperatures for 2 hours and remaining

activity was determined by standard PNPG assay. Black squares represent incubations

without BSA and open circles represent incubations supplemented with BSA. % activity +/-
standard error is shown.
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Supplemental Fig. S5 MS/MS data of PA labeled N-glycan structure containing

Galp1,4Fuc used a substrate for recombinant p-galactosidases.

The parent ions of the major structures observed in the experiments described in Figure 5
were subject to MS/MS analyses to verify the removal of the galactose residue. (A) no
enzyme control (parent ion m/z equals 1500.5 is substrate (hydrogen adduct)) (B) A.
nidulans rlacB (parent ion m/z equals 1338.5 for processed and 1500.5 for unprocessed
substrate (both as hydrogen adducts)). The data show that the 162 Da loss from the
substrate is due to galactose removed from the core fucose (m/z 446 rather than 608) and
not due to mannose cleavage. Comparable results were obtained for A. niger rlacA and A.
nidulans rlacA (data not shown). The glycans are depicted following the nomenclature of

the Consortium for Functional Glycomics (http://www.functionalglycomics.org).
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Supplemental Fig. S6 Analysis of potential mannosidase activity of the enzyme

preparations.

2-aminopyridine-labeled Man9 glycan was incubated with both native and recombinant
enzymes at optimal pH for fungal galactosidases (pH 4.5 or pH 5.0) and optimal pH for
typical a1,2-mannosidases (pH 6.9). (A) dextran standard (B) Man9-PA control (C) A.
oryzae galactosidase pH 4 (D) A. oryzae galactosidase pH 6.9 (E) A. niger rlacA at pH 4.5
(F) A. niger rlacA at pH 6.9 (G) A. nidulans rlacA at pH 5.0 (H) A. nidulans rlacA at pH 6.9
(I) A. nidulans rlacB at pH 5.0 (J) A. nidulans rlacB at pH 6.9 and (K) positive control
reaction at pH 6.9 using a recombinant mannosidase | derived from P. pastoris producing
Man8B. Lower case letters above peaks in panel C represent (a) Man8A (b,c) Man 6 and 7
isomers (d) Man5 and (e) Man6. The glycans are depicted following the glycan
nomenclature of the Consortium for Functional Glycomics

(http://www.functionalglycomics.org).
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Supplemental Fig. S7 Recombinant Aspergillus galactosidases process lactose.

4 ug of either heat inactivated or functional A. niger rlacA, A. nidulans rlacA and A. nidulans
rlacB were used per reaction in a total volume of 50 pL containing 20% w/v lactose.
Incubations were analyzed after 4 h (A) and 24 h (B). The high efficiency of A. niger rlacA
leads to production of GOS in the first phase of incubation. GOS and lactose are mostly
digested into glucose and galactose after 24 hours. The low conversion of lactose when
using A. nidulans rlacB stems from the low efficiency of this enzyme. Retention times of

lactose, galactose, glucose and galacto-oligosaccharides (GOS) are indicated in (A).
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Supplemental Fig. S8 Influence of organic solvents on activity of analyzed pB-
galactosidases.

Reactions were performed with PNPG as substrate at 37°C with different concentrations of
various solvents: (A) acetonitrile, (B) acetone, (C) isopropanol, (D) ethanol, (E) methanol

and (F) water at different concentrations. Values represent averages +/- standard error.
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Supplemental Fig. S9 Stability of analyzed p-galactosidases subjected to freeze/thaw

cycles.

B-galactosidase activity after several freeze/thaw cycles of the respective enzymes at a
concentration of 100 ug mL™". Data without BSA (black squares, solid trendline) and with
BSA (1 mg mL™) supplementation (open circles, dashed trendline) are shown. Values

represent averages +/- standard error.
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Supplemental Fig. S10 Summary of bioreactor cultivation of P. pastoris X-33

expressing A. niger and A. nidulans rlacA.

Cultivations were performed essentially as described previously (Gasser, et al., 2010).
Figures show the time-course for the production of A. niger rlacA (A) and A. nidulans rlacA
(B). Red lines indicate pH, whereas black lines indicate the temperature throughout the
cultivation. Yeast dry mass (YDM) and growth rate (u) are indicated by green and blue
squares, respectively. Black squares indicate [-galactosidase activity in culture
supernatant. Total protein samples from culture supernatants were analyzed by SDS-PAGE
(on the right in A and B) at the time points indicated in the diagrams. B - batch samples, FB
- fed-batch samples. Gels were stained with Coomassie Brilliant Blue.
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