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Maltodextrin glucosidase (MalZ) hydrolyses short malto-oligosaccharides from the reducing end releasing glu-
cose and maltose in Escherichia coli. MalZ is a highly aggregation prone protein and molecular chaperonins
GroEL and GroES assist in the folding of this protein to a substantial level. The N-terminal region of this enzyme
appears to be a unique domain as seen in sequence comparison studies with other amylases as well as through
homology modelling. The sequence and homology model analysis show a probability of disorder in the
N-Terminal region of MalZ. The crystal structure of this enzyme has been reported in the present communication.
Based on the crystallographic structure, it has been interpreted that the N-terminal region of the enzyme (Met1-
Phe131) might be unstructured or flexible. To understand the role of the N-terminal region of MalZ in its
enzymatic activity, and overall stability, a truncated version (Ala111-His616) of MalZ was created. The truncated
version failed to fold into an active enzyme both in E. coli cytosol and in vitro even with the assistance of
chaperonins GroEL and GroES. Furthermore, the refolding effort of N-truncated MalZ in the presence of isolated
N-terminal domain didn't succeed. Our studies suggest that while the structural rigidity or orientation of the
N-terminal region of the MalZ protein may not be essential for its stability and function, but the said domain is
likely to play an important role in the formation of the native structure of the protein when present as an integral
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part of the protein.
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1. Introduction

The protein Maltodextrin glucosidase (EC no. 3.2.1.20, Uniprot ID:
P21517), expressed by malZ gene, is an enzyme involved in the maltose
utilization system in Escherichia coli [1]. The major function of this en-
zyme is to catalyse hydrolysis of short malto-oligosaccharides ranging
from maltotriose to maltoheptose, while releasing glucose from the
reducing end. The final end products of this reaction are glucose and
maltose [2]. The enzyme is known to release maltose directly from
maltodextrins longer than maltotriose to a small extent [3]. MalZ can
also hydrolyze y-cyclodextrins containing eight glucosyl residues, how-
ever, y-cyclodextrins are not physiological substrates for this enzyme as
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they are not transported by E. coli [3]. MalZ has been demonstrated to
show trans-glycosylase activity which leads to formation of branched
oligosaccharides as products [4]. The alternate name commonly used
for such enzyme is alpha-glucosidase. MalZ is a cytosolic enzyme in
E. coli, and is considered to play a role in regulating the intracellular
level of maltotriose, which induces mal regulon. Overexpression of
malZ results in decreased expression of other genes in the mal regulon
[2]. In E. coli, MalZ is known to counteract the formation of long
maltodextrins, which are formed by action of amylomaltase. The mu-
tants where malZ is knocked out produce large amounts of glycogen
using maltodextrins as a source of carbon in absence of glycogen syn-
thase [5,6]. MalZ belongs to the at-amylase family of proteins. The
«a-amylases are known to play active role in starch metabolism by hy-
drolysing the a-1,4 and a-1,6 glycosidic linkages as well as performing
transglycosylation and hydrolysis of cyclodextins. These enzymes con-
tain an (o/R)g tim-barrel structure which serves as the catalytic domain
[7]. While the ai-amylases are primarily involved in starch metabolism,
the enzymes showing sequence similarity to MalZ are known to be
cytosolic enzymes specific to smaller malto-oligosaccharides and play
active roles in maltose metabolism in bacterial cells [8,9]. The microbial
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a-amylases have been studied extensively for their importance in
various industrial applications like food industry, starch industry,
textile, detergent, pharmaceutical and paper industry [10].

Maltodextrin glucosidase is also found in other organisms including
Salmonella enterica, Shigella flexneri, Yersinia pestis and others. The crys-
tal structure of this protein has not been reported in any of these organ-
isms. On the basis of sequence similarity the closest structure known to
this protein is alpha-amylase 1 from Thermoactinomyces vulgaris [11]
having sequence identity of 34% with a sequence coverage of 42-591
amino acids out of 616 total amino acids. The protein in E. coli consists
of 604 amino acids, two amino acids at N-terminal and 10 amino acids
including 6 x His-tag at C-terminal appear in the studied protein making
the total number of amino acids to 616. However, no effect of these
extra amino acids has been observed on the function of the protein.

It has been reported that MalZ protein is highly aggregation prone
and requires assistance of chaperonins GroEL and GroES for its folding
when over-expressed in E. coli [12]. The co-expression of these
chaperonins with MalZ in the E. coli cells increases the soluble and func-
tional fraction of MalZ protein in the cytosol by a very significant
amount. GroEL and GroES usually help the aggregation prone proteins
to fold by encapsulating the protein in the cylindrical cavity of GroEL
which is capped by GroES to form a closed chamber [13]. However,
MalZ is a large protein having a molecular weight of 70 kDa and cannot
be encapsulated within the GroEL-GroES cavity, which can encapsulate
protein of size up to ~50 kDa. GroEL assisted folding through a trans
mechanism [14] has been suggested for the folding of this protein. In
this case, it is expected that only a part of the protein might be entering
the GroEL cavity and GroES does not encapsulate it, but helps in the re-
lease of the protein from the cavity by binding to the trans ring of GroEL
[15]. The role of any specific part of the MalZ protein in this aggregation
prone behaviour and requirement of GroEL and GroES for assisted fold-
ing was not clear and the present study is an attempt to answer this
question.

The initial sequence analysis and homology model comparisons
made it interesting to study the N-terminal of MalZ. However in
order to get precise information on its uniqueness among amylase
type of proteins and also to understand the reasons for the aggregation
prone behaviour and chaperone dependency for folding, structure
determination of MalZ using X-ray crystallography was attempted.
The crystal structure of MalZ was solved at 3.7A and has been reported
here. The structure of MalZ obtained from crystallography data
suggested that the N-terminal region of MalZ (Met1-Phe131) may ei-
ther be flexible or unstructured. This was interesting as the sequence
comparison and the homology model data also showed that the
N-terminal might be a distinct entity. To find out whether this
N-terminal region actually plays any important role in the folding
and structural stability of the MalZ protein the N-terminal region
(Met1-Phe110) was truncated, and the results suggest that this domain
is essentially required within the protein for stabilizing the structure of
MalZ in its native functional form and the N-terminal domain does not
help to fold MalZ when used in trans through co-expression in E. coli
or in vitro.

2. Materials and methods
2.1. Sequence and homology model analysis

The amino acid sequence of the protein used for our studies was
compared to the Uniprot database using NCBI BLAST [ 16] and the specif-
ic domains and their families were identified based on the sequence.
Further the homology model was prepared using the I-Tasser server
[17] which combines template based prediction with some simulation
based refinement. The visualization software Pymol was utilized for vi-
sualization and comparisons. The sequence was also analysed using a
web server MobiDB [18] for disorder prediction which combines results
from multiple servers to generate a consensus on disordered regions.

2.2. MalZ expression and purification

Plasmid PCS19malZ containing the 1.8 Kb malZ gene under the con-
trol of a T5 promoter and ampicillin resistance marker was a generous
gift from Prof. Winfried Boos, (University of Konstanz, Germany). The
malZ gene is cloned between sites of restriction endonucleases Ncol
and BamHI and it forms a C-terminal 6 x His tag from the PCS19 vector.
E. coli BL-21 cells containing plasmid PCS19malZ were grown in Luria
Bertani medium with 50 pg/ml ampicillin to 0.D.ggo of 0.6. Induction
was done by 1 mM IPTG. Post induction, the culture was kept at 37 °C
for 8 h. The cells from 1 I culture were harvested by centrifugation at
7500g for 15 min and temperature was maintained at 4 °C from this
step onwards. The pellet was re-suspended in 30 ml lysis buffer
consisting of 20 mM sodium phosphate pH 7.4, 500 mM sodium chlo-
ride, 1 mg/ml lysozyme and 1 mM PMSF. Cell lysis was carried out by
sonication with a Branson Sonifier250 (USA). 15 cycles of 25 s each
were given with 1 min rest phase. AKTA Purifier (GE Healthcare, UK)
was used for the purification process. The supernatant was loaded on
a 5 ml His-Trap column (GE Healthcare, UK) pre-equilibrated with the
equilibration buffer containing 20 mM sodium phosphate pH 7.4 and
500 mM sodium chloride. The column was washed extensively by
same buffer containing 20 mM imidazole for removal of impurities.
Resin bound protein is eluted by a linear gradient up to 500 mM imidaz-
ole in 10 column volumes. MalZ is eluted at imidazole concentration of
around 200 mM. Fractions eluted were found to contain single bands on
SDS PAGE gels stained with Coomassie blue. Protein concentration was
measured using Bradford assay (Bio-rad, USA).

2.3. Crystallization of MalZ, data collection and processing

The pure fractions of MalZ were concentrated with amicon centrifu-
gal concentrators and in this process, the salt and imidazole were also
reduced. The protein was concentrated to 8 mg/ml and the final buffer
composition was 20 mM sodium phosphate, 200 mM Sodium chloride
and 50 mM imidazole. The MalZ solution was mixed with reservoir
solution 2 pl each, which contained 2.5 M ammonium acetate and
0.1 M sodium acetate at pH 4.6. This solution was used for crystallization
using the hanging drop vapour diffusion method. The crystallization set
ups were kept at room temperature (298 K). The crystals grew to an
approximate size of 0.4 x 0.1 x 0.1 mm?> with sharp rectangular faces
after 10 days. The crystals were stabilized in 2.5 M ammonium acetate
and 0.1 M sodium acetate containing 20% Glycerol (v/v) for data
collection at low temperatures. A single crystal was mounted in a
nylon loop and flash - frozen in a stream of nitrogen gas at 100 K. The
data were collected on a MAR CCD-225 Scanner (Marresearch,
Norderstedlt, Germany) using the beamline, BM14 at the European
Synchrotron Radiation Facility (ESRF), Grenoble, France.

24. Structure determination and refinement

Structure of MalZ was determined with molecular replacement
method using auto-AMoRe [19] from the CCP4 software suite (Collabo-
rative Computational Project, Number 4, 1994). The coordinates of the
structure of oi-amylase from T. vulgaris (PDB code: 1]I1,) [11] were
used as search model. The rotation and translation functions calculated
with data in the resolution range of 110.6-3.7 A yielded a unique solu-
tion with the first peak being very distinct. The packing arrangement
of the molecules in the unit cell for this solution gave no unfavourable
intermolecular contacts in space group P4 thus confirming it to be the
correct space group and the correct solution. These coordinates were
transformed using AMoRe and were subjected to 20 cycles of rigid-
body refinement with REFMACS5 [20] The manual model building of
the protein was carried out using | 2F, - F.| Fourier and |F, - F.| differ-
ence Fourier maps with Graphics Program ‘O’ [21] on a Silicon Graphics
02 Workstation. The structure was partially refined due to limitation of
reflection data (Table 1) to values of 0.33/0.34 for Rerysi/Riree factors.
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