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Introduction 
Arabinogalactans (AGs) are a particularly interesting class of polysaccharides found in a range of plants. AGs are

usually divided into two structural types: AG-I and AG-II. In terms of their backbone structures, AG-I is predominantly
β-D-(1→4)-galactan, whereas AG-II is β-D-(1→3) and/or (1→6)-galactan. Large quantities of AGs are present in
Larix trees [1-3], and have been shown to possess diverse biological properties, including immunological activity [4],
antitumor [5], and antiviral effects [6]. AGs from Larix laricina have been reported to play a unique role in reducing
the incidence of the common cold [7]. In addition, AGs have been approved by the US Food and Drug Administration
(FDA) for use as dietary fiber. AG-mediated biological activity is generally associated with its monosaccharide
composition, type of glycosidic linkage, molecular weight, as well as the number and type of substituents and branched
chains. Therefore, analysis of the complex fine structure and function is a significant problem in glycobiology. 

Glycoside hydrolase is an important enzyme that is widely used in the study of polysaccharides [8]. Up to now, about
171 glycoside hydrolase families have been reported in the CAZy database [9]. β-Galactanases are a broad group of
enzymes that hydrolyze glycosidic bonds in plant-derived galactans, and have been widely used in the analysis of
polysaccharide structures, construction of medicinal plant fingerprints, preparation of galactooligosaccharides,
and food quality improvement [10-12]. This group of enzymes can be divided into β-1,3-galactanase, β-1,4-
galactanase and β-1,6-galactanase according to the structure of their substrates [13]. At present, there are many
studies on the preparation and functional analysis of β-1,4-galactanase, whereas investigations with β-1,3- and β-
1,6-galactanases are relatively rare [14, 15]. Therefore, it has become crucial to the field to prepare and characterize β-
1,3- and β-1,6-galactanases.

Arabinogalactans have diverse biological properties and can be used as pharmaceutical agents. 
Most arabinogalactans are composed of β-(1→3)-galactan, so it is particularly important to identify 
β-1,3-galactanases that can selectively degrade them. In this study, a novel exo-β-1,3-galactanase, 
named PoGal3, was screened from Penicillium oxalicum sp. 68, and hetero-expressed in P. pastoris 
GS115 as a soluble protein. PoGal3 belongs to glycoside hydrolase family 43 (GH43) and has a 1,356-
bp gene length that encodes 451 amino acids residues. To study the enzymatic properties and 
substrate selectivity of PoGal3, β-1,3-galactan (AG-P-I) from larch wood arabinogalactan (LWAG) was 
prepared and characterized by HPLC and NMR. Using AG-P-I as substrate, purified PoGal3 exhibited 
an optimal pH of 5.0 and temperature of 40°C. We also discovered that Zn2+ had the strongest 
promoting effect on enzyme activity, increasing it by 28.6%. Substrate specificity suggests that 
PoGal3 functions as an exo-β-1,3-galactanase, with its greatest catalytic activity observed on AG-P-I. 
Hydrolytic products of AG-P-I are mainly composed of galactose and β-1,6-galactobiose. In addition, 
PoGal3 can catalyze hydrolysis of LWAG to produce galacto-oligomers. PoGal3 is the first enzyme 
identified as an exo-β-1,3-galactanase that can be used in building glycan blocks of crucial 
glycoconjugates to assess their biological functions.
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β-1,3-Galactanase primarily functions as an endo- and exo-β-1,3-galactanase, with the latter being a key
enzyme in the analysis and degradation of AGs. This enzyme specifically cleaves β-(1→3)-galactosidic linkages in
the β-3,6-galactan core of AG-II [16]. Presently, there are eight exo-β-1,3-galactanases in the NCBI and CAZy
databases. The group consists of Il3Gal from Irpex lacteus (GenBank: BAH29957.1) [17, 18], BLLJ_1840 from
Bifidobacterium longum subsp. longum JCM1217 (GenBank: BAJ67504.1) [19], Fo1,3Gal from Fusarium oxysporum
(GenBank: BAG80558.1) [20], Pc1,3Gal43A from Phanerochaete chrysosporium (GenBank: BAD98241.1) [21, 22],
Ct1,3Gal43A from Hungateiclostridium thermocellum ATCC27405 (GenBank: ABN51896.1) [23, 24], Sa1,3Gal43A
from Streptomyces avermitilis MA-4680=NBRC14893 (GenBank: BAC69820.1) [25] and SGalase2/SGalase1 from
Streptomyces sp. 19 (GenBank: AFH55135.1 / AFH55134.1) [26]. All of them have been cloned and heterologously
expressed in E. coli and P. pastoris GS115, and their enzymatic properties and potential applications to
arabinogalactan structures have been explored. However, a limited number of exo-β-1,3-galactanases have been
characterized, primarily due to their low expression levels, problems with viability, and resistance to acids and
bases. Thus, it is essential to obtain a variety of exo-β-1,3-galactanases to prepare oligosaccharide fragments and
analyze the structures of AGs. In this study, we biochemically characterized a novel exo-β-1,3-galactanase (PoGal3)
from Penicillium oxalicum sp. 68, that can specially hydrolyze larch wood arabinogalactans (LWAG), leading to
production of galactose and β-1,6-galactooligomers. Therefore, this enzyme is a potentially effective tool for use in
the structural analysis of these polysaccharides.

Materials and Methods
Strains and Reagents

Strain P. oxalicum sp. 68 was isolated from soil in Changbai Mountain (Jilin Province, China), and stored in
China General Microbiological Culture Collection Center (collection number CGMCC 7.328) [27]. P. pastoris
GS115 and pPICZα A (Novagen, USA) were used as host and expression vectors, respectively. LWAG, debranched
arabinan, arabinan (sugar beet), wheat arabinoxylan, galactomannan, and galactan (potato) were from Megazyme
International Ireland Ltd. (Ireland). DNA purification and plasmid isolation kits were from Tiangen Biotech
(China). All other chemicals and reagents were of analytical grade.

Construction of Plasmids and Strains
Total RNA was extracted from P. oxalicum sp. 68, and the mycelia were frozen in liquid nitrogen, homogenized

with mortar and pestle, and extracted with Trizol. Single-strand cDNA was synthesized from 2 μg of total RNA
using a reverse transcriptase (Cat. No. M531A, Promega, USA), and oligo (dT)-adaptor primer (Takara, Japan).
Two primers, pogal3-F (5-CCGCTCGAGATGTATCTTGGAAGAGGCTTC-3) and pogal3-R (5-TCCCCGCGG
TTACTACTGCTGCGGTACTAA-3), were designed based on the amino acid sequence of exo-β-1,3-galactanase,
which was predicted in a previous paper [28]. PCR was performed using DreamTaq Green PCR Master Mix
(Thermo Scientific, USA), and the program was as follows: 98°C for 30 s, 30 cycles of 98°C for 10 s, 68°C for 45 s,
72°C for 1 min 30 s, and final extension at 72°C for 10 min. The PCR product and pPICZα A were digested with SacII
and XhoI, and the gene was ligated with pPICZα A to generate the recombinant plasmid pPICZα A-pogal3. All
enzymes used were from New England Biolabs (USA). Restriction enzyme digestions, ligations and transformations
were performed according to the suppliers’ recommendations. Electroporation and selection of transformants
were carried out by using MD and G418. The selected clone was cultured in BGMY medium at 30°C for 4 days,
with methanol being supplemented (0.5%) every 24 h during the induction period. Cells were harvested by
centrifugation at 8000 ×g for 10 min, and the crude enzyme was found to be present in the supernatant.

Expression and Purification of Recombinant PoGal3
The culture medium (200 ml) was centrifuged at 8,000 ×g for 10 min, and the supernatant was collected and

precipitated with 80% ammonium sulfate, dissolved and dialyzed against 50 mM Na-acetate buffer (pH 4.5). The
protein was passed through a 1.6 × 100 cm Sephacryl S-100 HR column (GE Healthcare, USA). Adsorbed proteins were
then eluted by 50 mM Na-acetate buffer at a low rate of 0.15 ml/min. Purified PoGal3 was analyzed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) on 10% separating gel [29], and protein concentrations
were determined by using the method of Bradford with bovine serum albumin (BSA) as the standard.

Characterization of Recombinant PoGal3
The pH dependence of purified PoGal3 was determined in different buffers (50 mM final concentration) at

different pH values (pH 2.0-6.0, Na-acetate buffer; pH 6.0-8.0, Na2HPO4-NaH2PO4 buffer; pH 8.0-11.0, Glycine-
NaOH buffer) using AG-P-I as substrate. The pH stability was investigated under standard assay conditions
following incubation of the purified enzyme for 24 h at 4°C in the buffer without substrate. 

The optimum temperature was determined by measuring enzymatic activity at pH 5.0 over the temperature
range of 20-70°C. Temperature stability was measured by analyzing residual activity after incubation of aliquots of
the enzyme at different times and different temperatures. 

 The effects of metals on PoGal3 activity were tested in the presence of 50 mM metal ions for 12 h at 40°C. The
remaining activity was determined using AG-P-I as substrate, as described before, and activities are expressed as a
percentage of activity obtained in the absence of the compound.

Substrate Specificity Analysis of PoGal3
Substrate specificity was determined using various galactans as substrates. Hydrolytic activity was determined

at 40°C in Na-acetate buffer, pH 5.0, with 0.5% (w/v) polysaccharides as substrates and 5 μg PoGal3. After
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incubation for the desired reaction time, liberated reducing sugars were measured by the method of Somogyi [30].
To determine hydrolysates of different galactose-containing polysaccharides, the reaction mixture containing
50 μl of a 4 mg/ml substrate solution, 140 μl of 20 mM Na-acetate buffer (pH 5.0), and 10 μl of PoGal3 (100 μg/ml)
was incubated for 12 h at 40°C, and enzymatic productions were analyzed by using high-performance anion-
exchange chromatography (HPAEC). 

Preparation of AG-P-I
LWAG (4 mg/ml) was dissolved in 100 ml distilled water containing 100 mm sodium periodate solution in the

reaction system. The sample was then protected from light at 4°C. The OD223nm was maintained and 4 ml ethylene
glycol was added to the solution to terminate the reaction [31]. The reaction system was repeatedly dialyzed with a
dialysis bag having a pore diameter of 3 KDa and freeze-dried. AG-P-I (1 mg) was analyzed by PMP pre-column
derivatization and HPLC detection [32]. 

Methylation Analysis
The methylated sample was analyzed by GC-MS with a Technologies 7890B GC and 5977B MSD equipped with

a DB-1 capillary column (0.25 mm × 30 m). Conditions of the GC column were as follows: initial temperature of
120°C for 1 min, then 3°C/min to 210°C for 2 min, and then 10°C/min to 260°C for 4 min; the injection
temperature was 250°C. Nitrogen was used as the carrier gas and maintained at 1.2 ml/min. The percentage of the
methylated sugars was calculated as ratios of the peak areas.

13C NMR Spectra
AG-P-I (20 mg) was dissolved in D2O (0.5 ml), and natural abundance 13C NMR spectra were obtained using a

Bruker Avance 600 MHz spectrometer (Bruker Inc., Germany) operating at 150 MHz for carbon. Chemical shifts
were given in ppm with acetone as the internal chemical shift reference.

Nucleotide Sequence Accession Number
Sequences for the 18S rRNA genes from P. oxalicum sp. 68 were deposited in GenBank under accession number

KR349463.

Results
Cloning, Expression and Purification of Recombinant PoGal3

Exo-β-1,3-galactanase from glycoside hydrolase family 43 (GH43), has proved to be a key enzyme for the
degradation of pectin. P. oxalicum has been reported to produce pectin-degradation enzymes in culture media
when using pectin as the sole carbon source [33]. In this study, the GH43 gene pogal3 from P. oxalicum was cloned
into expression vector pPICZα A (XhoI/SacII), and P. pastoris GS115 was chosen as the host cell to produce
recombinant PoGal3. Gene pogal3 consists of 1,356 bp (451 amino acid residues) with a theoretical molecular
mass of 48.5 kDa and pI value of 6.6 (http://web.expasy.org/compute pi/). 

Analysis of PoGal3 with BlastP and Pfam identified the protein as a member of the GH43 family, which has a
GH43-6 functional domain and a CBM functional domain (CAZy database: http://www.cazy.org/CAZY), Residues
1 to 20 are predicted to be a signal sequence. PoGal3 was the first enzyme shown to have activity as an exo-β-1,3-
galactanase in P. oxalicum. Previously, eight exo-β-1,3-galactanases from different sources had been characterized.
The amino acid sequence of PoGal3, as well as those of previously published exo-β-1,3-galactanases, were analyzed.
As shown in Fig. 1 and Fig. S1, amino acid sequence alignments and phylogenetic analyses indicate that PoGal3 is
highly similar to Fo1,3Gal (GenBank: BAG80558.1) and Pc1,3Gal43A (GenBank: BAD98241.1), with less similarity to
Sa1,3Gal43A (GenBank: BAC69820.1), Ct1,3Gal43A (GenBank: ABN51896.1) and BLLJ_1840 (GenBank: BAJ67504.1).

Fig. 1. Phylogenetic analysis of amino acid sequences of PoGal3 and eight exo-β-1,3-galactanases from
different sources. exo-β-1,3-galactanase Il3Gal (GenBank: BAH29957.1), BLLJ_1840 (GenBank: BAJ67504.1), Fo1,3Gal
(GenBank: BAG80558.1), Pc1,3Gal43A (GenBank: BAD98241.1), Ct1,3Gal43A (GenBank: ABN51896.1), Sa1,3Gal43A
(GenBank: BAC69820.1) and SGalase2/SGalase1 (GenBank: AFH55135.1 / AFH55134.1).
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To systematically study the activity of recombinant PoGal3, the enzyme was purified by ammonium sulfate
precipitation and Sephacryl S-100 HR. As shown in Fig. 2, the expressed protein shows essentially a single band
after a two-step chromatography protocol, corresponding to an apparent molecular mass of ~ 48.5 kDa.

Preparation of AG-I-P
To assess the enzymatic properties and substrate selectivity of PoGal3, β-1,3-galactan (AG-P-I) from LWAG

was prepared by periodate oxidation and Smith degradation. After dialysis and lyophilization, purified AG-P-I
was obtained with 28.25% yield. HPLC results showed that AG-P-I is primarily composed of galactose with a small
amount of arabinose (Fig. 3A). The structure of AG-P-I was analyzed by 13C NMR and GC-MS, as depicted in
Fig. 3B and Table 1. Methylation analysis indicated that the Gal residues are mostly present as terminal and 1,3-
linked units, in addition to containing a small amount of 1,6-linked Gal and 1,3-linked Ara residues (Table 1). The
content of 1,3-linked Galp was ~58.5%, with 20.2% being found at terminal positions. The chemical shifts of major
resonances were assigned based on literature values [34, 35]. The anomeric carbon signals of β-1,3-linked Galp
were identified at 103.82 ppm, and the C-2, C-3, C-4, C-6 of 1,3-linked Galp were found to resonate at 70.08 ppm,
81.79 ppm, 68.25 ppm and 60.75 ppm, respectively. Overall, these results are consistent with AG-P-I being
composed of β-1,3-galactan, making it suitable as a substrate for the study of PoGal3.

Fig. 2. SDS-PAGE analysis of recombinant PoGal3. (A) Expression of recombinant PoGal3 in GS115 after ammonium
sulfate precipitation method: lane 1, protein markers; lane 2, PoGal3 after ammonium sulfate precipitation method. (B)
Purification of recombinant PoGal3 by Sephacryl HR S-100: lane 1, protein marker; lane 2 to lane 8, elated by Na-acetate buffer
(50 mM). (C) Purification of recombinant PoGal3 after two-step chromatography: lane 1, protein markers; lane 2, PoGal3 after
two-step chromatography.

Fig. 3. Structural characterization of AG-P-I by HPLC (A) and 13C NMR (B).
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Biochemical Characterization of Recombinant PoGal3 
Using AG-P-I as substrate, we examined the activity of PoGal3 over a pH range from 2.0 to 11.0. Even though

our results showed that the optimal pH was 5.0, the enzyme was stable from pH 4.5 to 6.0 and retained > 80% of the
initial activity up to 12 h (Fig. 4). The effect of temperature on the enzyme activity was investigated at optimal pH,
and the maximum activity was observed at 40°C. The thermostability of PoGal3 was investigated from 20 to 70°C,
and as shown in Fig. 5, PoGal3 is stable up to 40°C, with approximate 80% of its activity remaining when held at
40°C for 2 h. Nevertheless, the activity significantly decreased above 40°C. Therefore, for our biotransformation
and structural analyses, we used the reaction conditions of pH 5.0 and 40°C. 

Certain inorganic and organic factors greatly affected PoGal3 activity and the effects of metal ions on PoGal3
activity are shown in (Table 2). Zn2+ had the strongest promoting effect on activity, increasing it by 28.6%, whereas

Table 1. GC-MS analysis of the methylated products of AG-P-I.
Methylated sugars Type of linkage Molar ratio (%) Mass fragments (m/z)
2,4,6-Me3-Galp 1,3-linked Galp 58.5 87, 101, 117, 129, 161, 233, 277
2,3,4-Me3-Galp 1,6-linked Galp 9.4 71, 87, 99, 101, 117, 129, 161, 189, 233
2,3,4,6-Me4-Galp t-linked Galp 20.2 71, 87, 101, 117, 129, 145, 161, 205
2,5-Me2-Araf 1,3-linked Araf 3.4 87, 99, 117, 129, 159, 201, 233

Fig. 5. The effect of temperature on activity (A) and stability (B) of PoGal3 using AG-P-1 as substrate. The
activity of the enzyme before incubation was set as 100%. Results are presented as the mean ± standard deviation (n = 3).

Fig. 4. The effect of pH on activity (A) and stability (B) of PoGal3 used AG-P-1 as substrate. The activity of the
enzyme before incubation was defined as 100%. Results are presented as means±standard deviations (n = 3).

Table 2. Effects of metal ions and chemical agents on the activity of PoGal3.
Metal ions or reagents (50 mM) Relative activity (%)a

NaCl 95.0% ± 0.5%
KCl 102.1% ± 1.2%
MgCl2 59.4% ± 0.8%
CuCl2 15.8% ± 0.1%
FeCl3 80.9% ± 2.5%
BaCl2 91.8% ± 1.0%
CaCl2 95.7% ± 0.6%
HgCl2 5.4% ± 2.4%
MnCl2 68.4% ± 1.6%
ZnCl2 128.6% ± 4.7%
LiCl 87.6% ± 0.8%
NiCl2 64.7% ± 2.4%
EDTA 48.5% ± 0.1%
DTT 106.9% ± 0.1%
SDS --

aThe activity assayed in the absence of cations or reagents was taken as 100%.
Results are presented as means ± SD (n = 3).
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DTT, K+, Na+, Ba2+ and Ca2+ did not affect the activity. In contrast, Hg2+ and Cu2+ significantly inhibited enzymatic
activity. While there are few reports about the effects of metal ions on β-1,3-galactanase activity, the diverse effects
of metal ions on the enzyme activity may be attributed to interactions with amino acid residues of the enzyme that
correlate with protein structural alterations, which could produce either positive or negative effects on the
catalytic rate or other enzymatic properties.

Substrate Specificity of Recombinant PoGal3
The specificity of PoGal3 was assayed using different types of polysaccharides. As shown in Table 3, PoGal3 acts

on AG-P-I to release reducing sugar, and has little activity towards β-1,3-glucan, carboxymethyl cellulose (CMC),
LWAG, and laminarin. While PoGal3 had no activity towards most polysaccharides, such as β-1,4-galactan,
arabinan, oat xylan, etc., PoGal3 does function as an exo-1,3-galactanase, with the highest catalytic activity being
observed on AG-P-I. To understand PoGal3’s mechanism of action, we employed three AGs with different
molecular weights, including Acacia (425 kDa), LWAG (27 kDa) and AG-P-I (6.5 kDa). Results with HPAEC
(Fig. 6) show that PoGal3 degrades LWAG to produce oligosacchrides, whereas it acts on AG-P-I to produce
galactose and β-1,6-galactobiose. Our results also indicate that PoGal3 catalyzes the hydrolysis of β-1,6-galactosyl
side chains in LWAG, producing galactooligomers. Based on our structure information of AG-P-I shown in Fig. 3,
we can infer that PoGal3 acts on AG-P-I in an exo-fashion, because the enzymatic products of AG-P-I are mainly
galactose with little β-1,6-galactobiose. This is consistent with AG-P-I being mostly composed of β-1,3-galactan

Table 3. Substrate specificity of recombinant PoGal3 towards different polysaccharides.
Substrates (5 mg/ml) Relative activity (%)a

AG-P-I 100% ± 0%
β-1,4-Galactan from potato -
Acacia -
Arabinogalactan from larch wood (LWAG) 7.4% ± 0.1%
β-1,3-Glucan 25.6% ± 0.1%
Carboxymethyl cellulose (CMC) -
Laminarin 8.3% ± 0.1%
Oat xylan -
Wheat arabinoxylan -
Debranched arabinan (sugar beet) -
Arabinan (sugar beet) -

aActivity is expressed as percentage of that towards AG-P-I taken as 100%.

Fig. 6. HPAEC of degradation products of different polysaccharides hydrolyzed by PoGal3. Reactions were
incubated with recombinant enzyme at 40°C for 12 h. The bottom of each graph was the standard sample of galactose or 1,6-
galactoise, and oligosaccharides produced in the reaction were detected by HPAEC at 0 h and 12 h.
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with little β-1,6-linked Galp residue. Exo-β-(1→3)-galactanase activity was first observed around 1990 [17], after
which there have been few reports on exo-β-(1→3)-galactanase. In this regard, it was first rigorously characterized
by Ichinose and co-workers in 2005 [21]. Our results suggest that PoGal3 exhibits unique enzymatic properties on
AGs with low molecular weight, which may be potentially useful as a tool to prepare oligosaccharide and analyze
the structure of arabinogalactans.

Discussion
In the present study we have reported on the recombinant enzyme PoGal3 from the GH43 family in P. oxalicum

sp. 68. PoGal3 hydrolyzes galactose-containing polysaccharides and oligosaccharides. To produce PoGal3
efficiently, P. pastoris GS115 was selected as the expression host instead of E.coli BL 21 (DE3), primarily because
the yeast expression system was thought to be more suitable for heterologous expression of genes from fungi that
can perform glycosylation, for example. This system was found to be conducive for the expression of genes from
fungi into soluble proteins, such as P. oxalicum, Flammulina velutipes and Aspergillus aculeatus [27, 36, 37]. The
optimal reaction conditions for recombinant PoGal3 were found to be pH 5.0 and 40°C, consistent with fungi
preferring to grow under mildly acid conditions. Previous research has demonstrated many glycosides from fungi
exhibiting better activity under acid conditions, such as an α-L-arabinofuranosidase from Penicillium
chrysogenum [38], β-galactosidase from Aspergillus [39] and endo-β-1,6-galactanase from Trichoderma viride
[40]. β-1,3-Galactanases are also most often active under acidic conditions [25, 41]. As for temperature, most
enzymes belonging to GH43 family show optimal activity over the temperature range of 40-50oC [25, 42, 43].
Thermostability, along with the highly efficient expression of PoGal3 in P. pastoris suggests that recombinant
PoGal3 is likely to be valuable to the pharmaceutical industry. 

In this study, PoGal3 is active against β-1,3-galactan. To date, most characterized exo-β-1,3-galactanases have
considerable activity toward β-1,3-galactan [18-26]. Moreover, all enzymes identified so far belong to the GH 43
family, like PoGal3 identified here. Furthermore, based on multiple-sequence alignment and phylogenetic
analysis, PoGal3 has the greatest similarity to Fo1,3Gal, which has a “GH43-6 domain” and a “CBM35
galactosidase-like” domain [20]. Research has shown that GH43 family members have three conserved acidic
residues that function in hydrolysis of substrate, including a general acid, a general base, and a pKa modulator of
the general acid [44]. For example, the three conserved amino acid residues in Fo1Gal3, namely Glu103, Glu205,
and Asp159, are also conserved in PoGal3 as Glu102, Glu204, and Asp158. In this regard, PoGal3 and Fo1,3Gal
have similar functions. Both of them bind β-1,3-galactan and release galactose and galactooligomer, whereas they
do not hydrolyze LWAG. This suggests that the side chains attached to β-1,3-galactan backbones prevent the
enzyme from accessing the backbone. Therefore, PoGal3 may be suitable for the hydrolysis of arabinogalactans
that have no side chains.

In this study, an exo-1,3-galactanase named PoGal3 from P. oxalicum sp.68 was cloned and characterized. The
gene was successfully expressed in P. pastoris GS115, and the optimal temperature and pH of the recombinant
PoGal3 were found to be 40°C and 5.0. This is the first GH43 family exo-1,3-galactanase reported from P.
oxalicum. PoGal3 can effectively hydrolyze β-(1-3)-galactosidic linkages in arabinogalactans, releasing galactose
and galactooligomers. This indicates that PoGal3 has the potential to become a new tool in the structural analysis
of polysaccharides.
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