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a-1,2 mannosidase I (MDS 1) is a desired tool enzyme to modify oligosaccharides and their analogues in
structurally homogeneous and defined forms in vitro. This study was aimed to explore the acquisition of an
effective MDS 1 in vitro. For this purpose a Pichia pastoris strain GS115 harboring a recombinant MDS 1
derived from Trichoderma reesei was constructed via conventional molecular cloning methods, and expressed
in a S-liter fermentation tank. The target protein was purified in three-step purification and identified by
peptide mass of fingerprint. The enzymatic activity and optimal reaction conditions of MDS I were detected
using DNA sequencer-assisted fluorophore-assisted carbohydrate electrophoresis. We obtained MDS 1 with
a purity exceeding 90% in gram scales, which was capable of digesting a-1,2 linked mannose residues in
high selectivity. The highest enzymatic activity of MDS I occurred at a pH of 7.0 and a temperature of 42°C.
Enzymatic activity of MDS I was also influenced by metal ions, which were increased to 22% and 17%,
respectively, by Co*”and Cu** (2 mmol/L each), while were inhibited to some extent by Ca?, Mg?*, Mn*" and
Zn*". This study has laid the foundation for the application of MDS T in future glycol-engineering research.
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INTRODUCTION

he methylotrophic yeast Pichia pastoris has been

widely used to produce various recombinant
heterologous proteins due to several advantages (Higgins
and Cregg, 1998), for example, it has a strong and
inducible promoter system that is capable of producing
proteins at high yields in relatively inexpensive growth
media (Bretthauer and Castellino, 1999). However,
N-glycosylation of P. pastoris expressed proteins are
significantly different from mammalian proteins, which led
to the limitations of P. pastoris. N-glycosylation is one of
the most frequent post-translational modifications, which
forms the high-mannose-type N-glycans in P. pastoris that
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differs dramatically from those complex and hybrid types
N-glycans in humans (Khan et al., 2017; Hamilton and
Zha, 2015). The high-mannose-type N-glycans probably
hamper downstream processing of secreted glycoproteins
and result in protein-based therapeutic agents rapidly
cleared from blood (Zhou and Qiu, 2019). Moreover, naked
mannoses also lead to a short half-life of protein-based
therapeutic agents in vivo. That is, poor pharmacokinetic
behavior and (or) adverse immune response are generally
more likely produced, when glycoproteins with high-
mannose-type N-glycans were developed as therapeutic
agents in humans (Zhou and Qiu, 2019). Thus, the high-
mannose-type N-glycans in P, pastoris is necessary to be
engineered into complex and hybrid types in vivo/vitro.
Biosynthesis of N-glycans begins in the endoplasmic
reticulum (ER) by forming a highly conserved
Man,GlcNAc, intermediate (Hamilton and Zha, 2015;
Khan et al., 2017). Then Man GIlcNAc, are modified via
two different enzymes and finally formed significance
different N-glycans in Golgi apparatus from humans
to yeast. Specifically, three o-1,2 mannose residues are
removed from ManGIcNAc, to form Man,GlcNAc,
intermediate that serves as a precursor for complex and
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hybrid N-glycans in humans, whereas an a-1,6 mannose
residue is added to ManGlcNAc, intermediate to form
Man,GlcNAc, by a-1,6 mannosyl transferase and further
increased to a high-mannose type N-glycans in yeast
(Hamilton and Zha, 2015; Khan et al., 2017). Therefore, to
block the high-mannose type and facilitate the formation
of human-like N-glycans in yeast, it is necessary to obtain
ManGlcNAc, intermediate via elimination of o-1,2
linkage from ManGlcNAc,. a-1,2 mannosidase 1 (MDS
I) catalyzes the removal of a-1,2 mannose residues from
Man,GlcNAc, and produces the precursor of human-like
N-glycans (Khan et al., 2017; Hamilton and Zha, 2015).
Thus, MDS 1 is more likely to be developed as a potential
tool to obtain Man,GlcNAc, intermediate in yeast.
Furthermore, MDS 1 is also a potential tool enzyme for
preparation of the oligosaccharides and their analogues
in structurally homogeneous and defined forms in vitro,
which will be highly significant to study the structure-
function relationship of natural and modified N-glycans
(Aikawa et al., 2014). For example, N-glycans derived
from bovine ribonuclease B (Rnase B) were prepared in
structurally homogeneous and defined forms, which were
used as a standard substance for detecting N-glycans
(Hamilton et al., 2003). Consequently, the studies on
MBDS I are beneficial to not only the formation of human-
like N-glycans in yeast, but also the preparation of
oligosaccharides in structurally homogeneous and defined
forms in vitro.

In this paper, MDS 1 from Trichoderma reesei was
heterologously expressed via wildtype P. pastoris GS115
(his4) in a five liters fermenter. The enzyme was nearly
homogeneous purified and its reaction conditions were
optimized, which made a foundation for development and
application of MDS I in future.

MATERIALS AND METHODS

Bacterial strains, yeast strains, plasmids and other
materials

Plasmid pAO815a-M  harboring synonymous
mutations of mds I gene (Genbank: AF212153, the 944" G
to A) from T reesei was prepared in our lab (Zhan, 2004).
P pastoris GS115 (his4) was obtained from Invitrogen,
E. coli DH5a from Cwbiotech; yeast extract, agar and
tryptone from OXOID; yeast nitrogen base without amino
acids (YNB) from Difco; T4 DNA ligase, DNA ladder (500-
15000 bp), restriction endonuclease, and DNA polymerase
from New England Biolabs (NEB); low molecular weight
protein marker (17-0446-01) from GE, DNA extraction
kit from Cwbiotech were purchased, respectively. Other
reagents were obtained from Sangonbiotech unless stated
otherwise.

Expression vector construction

The DNAsequence of complete mds I gene was derived
from the plasmid pAO8150-M and employed to design
primers for polymerase chainreaction (PCR)amplifications.
The primers were synthesized by Sangonbiotech. PCR
were performed with a Biometra PCR Amplifier using 2.5
unit of Prime STAR HS DNA polymerase, 10 pg/mL of
template DNA (pAO815a-M plasmid), 0.4 mmol/L of each
deoxynucleotide triphosphate (dNTP), and 0.4 umol/L
of corresponding synthetic nucleotide primers (forward
primer: AAGAGAGGCTGAAGCTTATCCAAAGCCGG
GCGCCACAAAAC and reverse primer:
GAATTCTAACAACTCGTCGTGAGCAAGGTGGCCGC
CCCGTCG, Xho 1 and EcoR 1 were marking with
underline). The amplified DNA fragments were digested
with Xho I and EcoR 1 and inserted into pPIC9 plasmid
that contained signal sequence of a-mating factor from
Saccharomyces cerevisiae, which digested with the same
restriction endonucleases. Then recombinant molecules
were transformed into the E. coli DH5a competent cell.
The transformants were selected on Luria-Bertani/
Ampicillin (LB/Amp) plates (1% tryptone, 0.5% yeast
extract, 1% sodium chloride, 1.5% agar and 0.01% Amp).
The mds I gene was verified by digestion with restriction
enzymes and DNA sequencing. The resulting plasmid was
named pPIC9-0-M.

Transformation

The P pastoris strain GS115 (his4) was cultured
overnight to the early exponential phase in YPD medium
(2% glucose, 1% yeast extract, 2% peptone). The harvested
cells were thoroughly washed with ice-cold water twice
and then resuspended in ice-cold 1 mol/L of sorbitol. The
recombinant plasmid pPIC9-a-MDS I was digested by Sac
I to directly integrate into chromosome of the P. pastoris
by electroporation with Gene Pulser (Invitrogen). The
transformed cells were plated on a screening plate MD/UR
(1.5% agar, 1% YNB, 1% glucose, 4x10°% biotin, 0.1%
uracil and 0.01% arginine) after incubated for 1 h in 700 pL
Imol/L of sorbitol at 25°C. 5 days later, single colonies were
isolated from selected plates and were confirmed by PCR.

Expression of MDS' 1

The recombinant yeasts were seeded into YPD
medium (3 mL) with shaking in glass tubes at 300 rpm
and 25°C for 48 h. Then 1 mL cultures from this YPD
medium were transferred into 100 mL YPD initial volume
(at a 1% volumetric ratio) and incubated at 300 rpm and
25°C. After 24 h, the seed flasks obtained property optical
density (OD,,, = 10) to ensure that cells were growing
exponentially upon transfer.

Cultivation was further carried out in a 5 L glass
bench-top Biostat-B  bioreactor (Sartorius-Stedim).
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Specifically, 3 L of initial media (BSM) with 10%
volumetric ratio of seeds were inoculated in bioreactor.
Cultivations were performed in fed batch mode under
the following conditions: 24°C, pH=6.0 (controlled by
addition of 30% ammonium hydroxide), dissolved oxygen
(DO) >20% (maintained by adjusting the agitation speed
from 300 to 1,200 rpm), and constant cascading agitation
and aeration. After the depletion of initial glycerol (40
g/L) in BSM medium (indicated by a spike in DO), a
glycerol feed was initiated to increase the cell biomass
under limiting conditions. Glycerol was added as a 50%
solution containing 12 mL/L of PTM1 salts (6.0 g/L of
CuS0,*5 H,0, 3.0 g/L of MnSO,*H, 0, 65 g/L of FeSO,*7
H,0, 20 g/L of ZnSO,*7 H,0, 0.5 g/L of CoCl,-6 H,0, 0.2
g/L of NaMoO,-2 H 0, 0.1 g/L of KI, 5 mL/L of H,SO,)
and 2 mL/L of biotin until wet cells weight reached about
230 g/L, and the feed rate was set to 48 mL/h. The whole
glycerol fed-batch phase was lasted for 5 hours. In methanol
induction phase, a solution of 100% methanol contained
12 ml/L of PTM1 salts and 2 mL/L of biotin, was added
initially after a 30 min starvation phase when methanol
was fed exponentially from 2.4 mL/h until reached the
maximum rate 12 mL/h. Then the entire induction phase
was conducted by methanol pulse with 0.5% methanol.
After DO decreased to <10% the first shot of methanol
was delivered. All subsequent methanol shots were
triggered by rapid increases in DO that indicated methanol
depletion. The entire induction process was lasted for 120
h. Samples of fermentation supernatant were taken every
12 h and P, pastoris biomass analysis was determined by
measurement of OD .

Purification of MDS 1

The fermentation broth was separated by
centrifugation (20 min, 15000 g, 4°C) and deposits
were removed. After the addition of ammonium sulfate
to 80% saturation into supernatant, the total proteins
were purified via centrifuged at 10000 g for 20 min. The
total proteins were dissolved in 1 mol/L of ammonium
sulfate at pH 7.5, and further purification by a Phenyl-
HP column (1.6 cm*20 cm). The Phenyl-HP column was
pre-equilibrated with solution A (1 mol/L of ammonium
sulfate solution containing 20 m mol/L of Tris-HCI pH
7.5) and eluted by solution B (20 m mol/L of Tris-HCI,
pH 7.5). Finally, desalting was performed at 4°C via
Sephadex G25 (2.5 cmx30 cm) column. Sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and peptide mass fingerprinting (PMF, target protein was
digested by trypsin and analyzed by MALDI-TOF-MS)
were performed to confirm the purified proteins. Besides,
the purity of protein was analyzed via SDS-PAGE. The
integral optic density (IOD) of each protein band was
measured via an Image pro plus 6.0. With the IOD ratios

of the MDS I band to the total protein bands in the lane, the
relative purity of the target protein was calculated.

Enzymatic activity assays of MDS 1

For the release of N-glycans, 550 pL of RNase B
(0.5 mg) containing 0.5% SDS and 1% B-mercaptoethanol
were incubated in boiling water for 5 min, after cooling
at room temperature, NP-40, sodium phosphate (pH 7.0)
and PNGase F were added at final concentration of 1%, 50
mmol/L and 30 U/mL, respectively, and then incubated at
37 °C for 18 h. The reaction solution was precipitated with
precooled acetone (-20°C) by centrifugation (12,000 g, 10
min). The supernatant was discarded and the precipitate
was extracted twice with pre-cooled methanol. The sugar
chains were freeze-dried in vacuum.

For the label of N-glycans, N-glycans and 2
pL of labeling buffer (20 mmol/L of 8-amino-1,3,6-
pyrenetrisulfoacid, APTS was dissolved in DMSO which
mixed with equal volumes of 1.2 mol/L of citric acid and
1 mol/L of NaCNBH,, prepare fresh) were mixed and
incubated at 37°C for 18 h. The labeled N-glycans were
purified by Sephadex G10 in water.

For the enzymatic activity assays of MDS I, 4 puL of
reaction mixtures containing of 0.4 pL sodium phosphate
buffer (50 mmol/L, pH=7.0), 2.6 uL of N-glycans (from
0.05 mg of RNase B) and 1 pL of MDS I (8 pg/mL).
Reaction mixtures were carried out at 37°C for 1h before
quenching. Negative controls were conducted under the
same conditions except for adding heat-deactivated MDS
I in replacement of the native enzyme. In the study of
pH influence on the enzymatic reaction, all N-glycans
prepared from 0.05 mg RNase B, 8 pg/mL of MDS I,
100 pg/mL BSA were added into reaction buffers which
were 50 mmol/L of citric acid/sodium citrate at pH 3-5,
sodium phosphate at pH 7-9 and glycine/NaOH at pH 11,
respectively. The reaction was carried out at 37°C for 1h
before quenching. In the study of temperature influence,
the sodium phosphate buffer (pH 7.0) with all N-glycans
from 0.05 mg of RNase B and 8 pug/mL of MDSI, were
incubated at 16, 37, 42 and 60 °C, respectively, for 1 h
before quenching. To evaluate the influence of metal
ions on the activity of MDS 1, the reaction was carried
out in sodium phosphate buffer (pH 7.0) containing all
N-glycans from 0.05 mg of RNase B, 8 pg/mL of MDSI,
with 10 mmol/L of various cations, respectively, including
EDTA, Cu*, Co**, Zn**, Mn*", Mg?" and Ca?". The reaction
mixture was incubated at 37 °C for 1 h before quenching.
All results were repeated three times.

The reactions were monitored by DNA sequencer-
assisted fluorophore-assisted carbohydrate electrophoresis
(DSA-FACE) with an ABI DNA sequencer (Liu et al.,
2009). Specifically, 1 uL of prepared samples, 8 puL of
deionized formamides and 1 pL of the ROX-labeled
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Genescan™ 500 standards were added into reactions.
Alternatively, a mixture containing a rhodamine-labeled
6-,30-meric oligonucleotide (consisting of 5’-TAC-3’
basic sequence repeats, which were synthesized and
PAGE-purified by Life Technologies) was also used as
internal reference of sequencer. Analyses were performed
using the Genescan 3.7 software.

RESULTS AND DISCUSSION

MDS 1 was existed widely in plenty of cells and
proposed to involve in biosynthesis of hybrid and complex
N-glycans (Amann et al., 2019). The data obtained from
T reesei (Maras et al., 1999), P. citrinum (Yoshida et
al., 1993), mammalian (Amann ef al., 2019) and insect
(Moremen et al., 1994) made it clear that MDS I catalyzed
the reactions of removal of three a-1,2 mannose residues
from Man,GIcNAc, to form Man,GlcNAc, intermediate.
Due to the unique enzymatic function of MDS I, it was
desirable to develop to be a tool enzyme in glycobiology
and glycol-chemistry fields. In present study, an effective
expressive vector, fermentation expressive, purification
and enzymatic activity assays of MDS I were performed,
which will be discussed next.

Cloning, expression and purification of MDS 1

Vector construction

To express mds I gene derived from T reesei in P.
pastoris and illustrate the function of the gene product,
the expression vector was constructed in this study by
considering the following factors: 1) the mds I gene was
inserted into P. pastoris secretory expression vector pPIC9
under a AOX promoter (Fig. 1A), to control expression
of mds I gene product; 2) a-mating factor was utilized
as signal peptide to facilitate the secrete of heterologous
proteins (Richter ef al., 2006). The 1.5 kb of mds I gene was
amplified from pAO815a-M (Fig. 1b) via PCR and inserted
into pPIC9 (Fig. 1A); 3) when the plasmid pAO8150-M
was constructed in previous study, a synonymous mutation
of natural mds I gene that the 944™ base of G had been
changed into A by site directed mutation, to promote the
use of Xho I restriction enzyme (Zhan, 2004), besides, mds
I gene in present study was from pAO815a-M, deservedly
harboring this synonymous mutation. The entire gene of
mds I was confirmed by restriction enzyme digestion (Fig.
1C) and DNA sequencing that the desired gene was made
and no other mutations. The desired vector pPIC9-0-M
was linearized with Sac I and transformed into P. pastoris
strain GS115 (his4’) via electroporation.

Expression of MDS 1
The transformants were selected via expression of

his4 by vector pPIC9-a-M, determined by PCR and then
expressed in 5 mL of BMGY medium. For expression
of MDS I, high expression potential transformant was
selected from dozens of transformants via shake flask
culture (data not shown), which was further incubated in a
5-L glass bioreactor. The fermentation conditions probably
affected protein expression levels. For example, the
maximum oxygen uptake rate and methanol concentration
which determined OD and induction expression of strain
were most likely influenced protein expression level
(Berdichevsky et al., 2011). Although fermentation
conditions were not optimized further in this study, the
production was increased approximately 30-fold compared
to previous report (Maras et al., 1999). The expression
levels of MDS I accumulated progressively during the
first 108 h after methanol induction (Fig. 2). Notably,
MDS I had already expressed after 12 h induction, the
expression levels were improved with the prolonging of
time. In addition, OD values of fermentation broth were
adjusted the same level to improve reliable of the protein
production via SDS gels.

SacI

Ampicillin [AOXT promoter)
/ (a-factor secretion signal

Xhol

EcoRI
AOX1 terminato

[S9]

bp 1

B

Fig. 1. Construction of the expression vector pPIC9-
o-M, A) schematic diagram of the expression vector
pPIC9-0-M; B) PCR amplification of mds I gene from
pAO8150-M, molecular marker (lane 1), mds I gene (lane
2); C) dentification of pPIC9-a-M by enzyme digestion,
molecular marker (lane 1), pPIC9-a-M digested by EcoR 1
and Xhol (lane 2) and circle plasmid pPIC9-a-M as control
(lane 3).
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Fig. 2. Expression level analysis of the MDS I in the 5-liter
fermentation culture supernatant at different time points by
SDS-PAGE, molecular marker (lane 1), 12 h (lane 2), 24
h (lane 3), 48 h (lane 4), 60 h (lane 5), 72 h (lane 6), 84 h
(lane 7), 96 h (lane 8), 108 h (lane 9).

Purification of MDS 1

The secreted MDS I in the supernatant was purified
using a three-step purification protocol as described in
methods. Due to the amounts of fermentation broth was
too large (3L), total proteins were firstly precipitated
with ammonium sulfate. About 80% total proteins were
precipitated for further purification (Table I). SDS-PAGE
studies of purified proteins showed that the molecular
weights (56 kD) agreed with the predicted molecular
weights of MDS 1 (Fig. 3). After Phenyl-HP column
purification, the protein was essentially homogeneous (Fig.
3). After the protein concentrations of each purification step
were detected and summarized in Table 1. About Sephadex
G25 purification, 60 mg of the target product with a purity
0f 90% from 100 mL of the supernatant was obtained.

Table I. Purification of MDS I from 100 mL superna-
tant.

Purification steps Total volum  Total pro- Purity

(mL) tein (mg) (%)

Supernatant 100 516+65 2743
Ammonium sulfate 100 481+£32 30+4
precipitation

Phenyl-HP 25 7148 77+8
Sephadex G25 38 60+5 90+3

PMF analysis of expressive product

Initially, the expressive product was identified as
MDS 1 by detecting molecular mass via SDS-PAGE.
12% SDS-PAGE showed a major band of about 56 KDa,
which corresponded to the theoretical molecular weight
of MDS 1 that consisted of 523 amino acids (Fig. 3). To
further analysis of expressive product, the desired band was
digested by trypsin and analyzed by MALDI-TOF-MS.

Approximately 32% of the peptide sequence was matched
well with an identified MDS I from T reesei (Fig. 4), in
addition to protein scores greater than 74 are significant (P
<0.05), provided defined evidence that the obtained product
was MDS 1. Thus, nearly homogeneous and gram levels
of MDS I had been obtained in our lab, whose enzymatic
properties were investigated and would be discussed next.

KD 3 4 5

- l"*
e

43 -

3] -

20

Fig. 3. SDS-PAGE analysis of the purified MDS 1,
molecular marker (lane 1), 10 pL MDS I from raw
liquid (lane 2) and each elution after purification from
ammonium sulphate precipitation (lane 3), Phenyl-HP
(lane 4), Sephadex G25 (lane 5) was subjected to the 12%
SDS-PAGE and stained by Coomassie blue.

Wivers Mascot Search Results

User : Jewly54

Email : jewly542126.com

Search title  :

Database : NCBInr 20120407 (17751536 sequences; 6091895940 residues)

Taxonomy : Fungi (1259042 sequences)

Timestamp : 19 Apr 2012 at 02:47:57 GMT

Top Score : 167 for gi]340521338, glycoside hydrolase family 47 [Trichoderma reesei QM6a]

Mascot Score Histogram

Protein score is -10*Log(P), where P is the probability that the observed match is a random event.
Protein scores greater than 74 are significant (p<0.05)

Matched peptides shown in bold red.

1 MRFPSSSVLA LGLIGPALAY PKPGATKRGS PNPTRAAAVK AAFQTSWNAY
51 HHFAFPHDDL HPVSNSFDDE RNGWGSSAID GLDTAILMGD ADIVNTILQY
101 VPQINFITTA VANQ"ISVFE TNIRYLGGLL SAYDLLRGPF SSLATNQILV
151 NSLLRQAQTL ANGLKVAFTT PSGVPDPTVF FNPTVRRSGA SSNNVAEIGS
201 LVLEWTRLSD LTGNPQ[AQL AQRCESYLLN PRGSPEAWPG LIGTIFVSISN
251 GTFQDSSGSW SGLMDSFYEY LIXMYLYDPV AFAHVKDRWV LAADSTIAHL
301 ASHPSTRKDL TFLSSYNGQS TSPNSGHLAS FAGGNFILGG ILLNEQKYID
351 FGIKLASSYF ATYNQTASGI GPEGFAWVDS VIGAGGSPPS SQSGFYSSAG
401 FWVTAPYYIL RPETLESLYY AYRVTGDSKW ODLAWEAFSA IEDACRAGSA
451 YSSINDVIQA NGGGASDDME SFWFAEALKY AYLIFAEESD VQVQANGGNK
501 FVFNTEAHPF SIRSSSRRGG HLA

25

20 4

15

Number of Hits

10

= m
0 S RER | S

50 100 150
Protein Score

Fig. 4. PMF analysis of the expressive product.
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Enzymatic properties of MDS 1

One of the most difficulties in studying the enzymatic
properties of glycosyltransferases or glycosidases was
preparation of their substrates in vitro (Kang et al., 2019;
Wang et al., 2019; Li et al., 2016). In this study, N-glycans
of RNase B was selected as substrates of MDS I mainly
because: 1) RNase B is a kind of commercially available
glycoproteins; 2) RNase B is slightly heterogeneous
ranged from 14.9 kDa to 15.5 kDa due to oligomannose-
type N-glycans that are comprised of a family of several
glycoforms, however, each protein molecular contains only
one N-glycan; 3) the difference of glycoforms denoted as
Man,GlcNAc, through Man GIcNAc, was caused by o-1,2
mannose that can be removed via MDS I (Fig. 5) (Tarelli
et al., 2000); 4) analysis of all five glycoforms from
Man,GlcNAc, to Man,GlcNAc, is a mature technology in
our lab (Yang et al., 2011; Liu et al., 2009). However, due
to the acquisition of N-glycans from RNase B was too little,
besides, the purification and labeling process of N-glycans
were relatively complex and expensive, the quantification
of N-glycans was not easy to access. Thus, the studies on
enzymatic properties of MDS I are extremely limited, such
asV,_ andK .

102 30 b
/ / " I oS
S A
\ J
MDS1 Il B-1.4-acetylglucosamine

B-1.4-mannose

@ o-1,3-mannose

.\ S a-1,6-mannose
.\ e @ o¢-1.2-mannose

Fig. 5. Five glycoforms of RNase B and MDS I catalyze
reaction.

To confirm the enzymatic activity of MDS 1, its
catalyzed reaction product was isolated, labeled and
analyzed as described in methods. DSA-FACE showed
the product was Man GIcNAc, due to the peak of product
was agreed well with that of the ROX-labeled Genescan™
500 standards. This study proved unambiguously evidence
that MDS 1 could catalyze the elimination of o-1,2 linked
mannose residues (Fig. 6). Although the substrates of MDS 1
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Fig. 6. The effect of pH on the activity of MDS I, control
(A), pH 3.0 (B), pH 5.0 (C), pH 7.0 (D), pH 9.0 (E) and
pH 11.0 (F).

contained a-1,2-, o-1,3-, o-1,6- and [-1,4- linked
mannoses, only o-1, 2 linked mannoses were trimmed,
suggested MDS 1 probably had strict selective activity
to o-1,2 linked mannose. Besides, the reaction
products were single Man,GlcNAc, glycoform or five
different glycoforms (Man,GlcNAc,, Man GIcNAc,,
Man GIcNAc,, ManGleNAc, and Man,GlcNAc,),
depended on the amounts of MDS I in reaction mixtures
and reaction times. For example, the products of reactions
were  ManGIcNAc -Man,GIcNAc, when  mixtures
contained 8 pg/mL of MDS I that were carried out for 1h,
however, only Man ,GIcNAc, was produced when mixtures
contained 16 pg/mL of MDS I that were carried out for
1h. To optimize the reaction conditions for MDS 1, it was
treated with RNaseB N-glycans at varied pH (Fig. 6),
temperatures (Fig. 7), and metal ions (Fig. 8). The reactions
were monitored using DSA-FACE. As depicted in Figure
9A, MDS 1 had maximal catalytic activity at pH 7.0.
However, MDS 1 tolerated a relatively wide range of pH,
as 50% of its activity was retained from 5.0 to 9.0. Besides,
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Fig. 7. The effect of temperature on the activity of MDS
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the optimum temperature of MDS I was 42 °C (Fig. 9B)
but retained 50% of activity from 25 to 60 °C, which
indicated this enzyme tolerated a relatively wide range
of temperatures. The optimized pH and temperature
were obtained for MDS I in this study, was valuable for
application research of this enzyme in future. It was also
found that divalent cations were not necessary for the
biological activities of MDS 1. However, the activities
were increased to 22% and 17%, respectively, by Co*" and
Cu*" (2 mmol/L each), while were inhibited to some extent
by Ca?*, Mg*, Mn?* and Zn** (Fig. 9C). Although this is
not the first report for research on MDS I derived from T.
reesei in P. pastoris, our research also has some positive
significance (Maras ef al., 1999; Van Petegem et al., 2001).
For example, this study has established a straightforward,
efficient and economical strategy for acquisition of an
effective MDS I by a 5-L fermentation expression, which
laid a foundation for preparation of this enzyme in a large
amount. Considering the high demands for tool enzymes
in glycobiology and glycol-chemistry fields, fermentation
expression studies of MDS 1 are significant. In addition,
this study had provided optimum reaction conditions
for MDS I, such as reaction temperature, pH, ions,
were valuable for future study. Therefore, this paper on
expression, purification and enzymatic activities of MDS
I derived from T. reesei in P. pastoris, laid foundations
for application of MDS I in future glycol-engineering
research.
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CONCLUSIONS

This study has established a straightforward, efficient
and economical strategy for acquisition of an effective
MDS I derived from T reesei. For example, approximately
gram levels of MDS I were obtained via a methanol
induced expression vector pPIC9 with an a-mating
factor contributed to the secretion of protein into the
extracellular matrix, P. pastoris strain GS115 (his4") and
5-L fermentation expression in our lab. Moreover, MDS
I was purified and examined in detail, which provided the
direct biochemical evidence for the function of the enzyme
and formed the foundation for more in-depth studies.
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Overall, easy access to the high purity and effective of
MDS I would promote applied and commercialize of the
enzyme in the field of glycobiology and glycol-chemistry.
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