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1. Introduction

With regard to the CAZy database ([1]; http://www.cazy.org/ accessed on 14 Oc-
tober 2023) classifying carbohydrate-active enzymes into their sequence-based families,
and based on the obtained knowledge, it is reasonable to consider that x-amylase enzyme
specificity is present in four CAZy glycoside hydrolase (GH) families: GH13, GH57, GH119,
and GH126 [2]. In other words, currently, of the 186 GH families in total [1], 4 may be
considered x-amylase families [2]: (i) GH13—the main and the largest x-amylase family;
(ii) GH57—the second and smaller a-amylase family; (iii) GH119—a very small family
related to GH57; and (iv) GH126, in which the presence of pure x-amylase specificity has
still not been proven definitively. Particularly, the two former a-amylase families, GH13
and GH57, cover, in addition to x-amylase, most of the numerous amylolytic enzymes, such
as x-glucosidase, pullulanase, amylopullulanase, isoamylase, cyclodextrin glucanotrans-
ferase, 4--glucanotransferase, x-glucan branching enzyme, «-glucan debranching enzyme,
trehalose synthase, sucrose isomerase, etc. [3], while two other “amylases”, 3-amylase and
glucoamylase, constitute their own families, GH14 and GH15, respectively [1,4]. Since
they both employ the inverting reaction mechanism, which is the opposite of the retaining
mechanism of x-amylase, they have fallen somewhat outside mainstream research focused
on starch hydrolases and related amylolytic enzymes that share their sequence-structural
aspects with «-amylase [2,3,5-10]. It is important to point out, however, that the GH13
family forms a CAZy clan, GH-H, with families GH70 and GH77, which mainly comprise
glucansucrases and amylomaltases, respectively [3,11,12]. With respect to the existence of
clans of GH families that represent a higher level of hierarchy connecting the originally
independent families [13], toward the lower level of hierarchy, a division into subfamilies in-
side a GH family has also been established [14]. As yet, of the four x-amylase families, only
family GH13 has been officially divided into subfamilies. This was first carried out in 2006
via the creation of 35 GH13 subfamilies [15], the one most recently defined being subfamily
GH13_47 [16]. Finally, in any efforts devoted to understanding amylolytic enzymes, their
non-catalytic starch-binding domains (SBDs) should not be forgotten [17]. These SBDs have
also been classified in the CAZy database as the so-called carbohydrate-binding module
(CBM) families [1,14]. Thus, of the 98 CBM families created so far, 16 may be considered to
represent SBDs: 20, 21, 25, 26, 34, 41, 45, 48, 53, 58, 68, 69, 74, 82, 83, and 98 [16,17].

The scope of amylolytic enzymes, grouped especially in the main x-amylase clan,
GH-H, but also in the additional x-amylase families GH57, GH119, and GH126 [2], has been
exhibited as enormous during recent decades. This is even reflected in the establishment
of a series of international symposia “on the a-amylase family” in 2001 called ALAMYs
(http:/ /imb.savba.sk/~janecek/Alamys/ accessed on 14 October 2023), which are dedi-
cated, in fact, to all aspects of these enzymes. The ALAMY symposia are organized once
every three years, traditionally at the Smolenice Castle near Bratislava in Slovakia. Un-
til now, the last meeting of this series—The Eighth Symposium on the Alpha-Amylase
Family (ALAMY_8) grouping together “amylase-positive researchers”—was held on 9-13
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October 2022. In addition to basic information about ALAMY_8’s sessions, topics and
main speakers, those interested in reading some news posted during the symposium can
visit the social network X (https://twitter.com/8_alamy accessed on 14 October 2023).
I, as the main organizer of ALAMYs symposia, have been extremely pleased about the
opportunity to arrange—based on ALAMY_8—a Special Issue of the journal Molecules
(MDPI) entitled “Advances in Amylases”. 1t was decided that the Special Issue would be
open not only to attendees of ALAMY_S8, but also to all those who might have a relevant
contribution of broader importance to this particular research field. This Special Issue,
“ Advances in Amylases”, comprising thirteen papers—1 review and 12 original articles—has
thus been arranged in an effort to present a state-of-the-art collection of highly specific sto-
ries focused on amylolytic enzymes classified in the a-amylase GH families to the greatest
extent possible.

2. The Special Issue “Advances in Amylases”

The first part, consisting of four papers, covers amylolytic enzymes in general. Be-
ginning with a Review by Blennow, Svensson, and co-workers (contribution 1), various
aspects of the interfacial enzyme hydrolysis of native starch granules are discussed empha-
sizing kinetic approaches in terms of the current understanding of these processes. Then,
three original articles follow. Firstly, Zinck et al. (contribution 2) demonstrate the use of
sodium hypochlorite to achieve efficient irreversible x-amylase inactivation in the enzy-
matic processing of raw potato starch. Next, Bai and co-workers (contribution 3) describe
the preparation of rice flour with a higher protein content using a granular starch hy-
drolysing enzyme. Finally, Gédnzle and co-workers (contribution 4) deliver results obtained
via the cloning of the x-glucan branching enzyme from a swine intestinal metagenome and
elucidate its potential role in the formation of branched x-glucans from starch.

The next part of the Special Issue comprises six original articles that are all aimed
at individual GH13 subfamilies. In the first one, focused on GH13_9, Geiger and co-
workers (contribution 5) present a new three-dimensional structure of the Escherichia coli
a-glucan branching enzyme complexed with maltooctaose, suggesting a possible mecha-
nism for transfer chain specificity also involving surface binding sites. Next, Mgller and
co-workers (contribution 6) explore the transglycosylation activity of GH13_13 limit dextri-
nase from barley using two approaches with different combination of donors and acceptors.
Then, a long-awaited tertiary structure of the x-amylase from Drosophila melanogaster from
subfamily GH13_15 is described by Aghajari, Da Lage and co-workers (contribution 7)
together with its biochemical characterization and a discussion of its evolutionary impli-
cations. The next study by Woo, Park, and co-workers (contribution 8) is of extremely
significant interest since it reveals a circular permutation in the domain C—with a C-A-
B-A-C domain order—in the structure of the periplasmic x-amylase MalS from E. coli of
subfamily GH13_19. The subsequent protein design process described by Saburi, Mori,
and co-workers (contribution 9) demonstrates the role of Asn258 in the substrate specificity
and transglucosylation activity of Bacillus sp. AHU2216 x-glucosidase from subfamily
GH13_31. The papers focused on GH13 subfamilies are followed by a detailed in silico
analysis of a group of amylolytic enzymes represented by cyclomaltodextrinase from
Flavobacterium sp. no. 92; this analysis being conducted by Marecek and Janecek (contribu-
tion 10), with the result of creating the novel subfamily GH13_46 for this group of enzymes
possessing a CBM-like domain at their N-terminus and the segment MPDLN in their fifth
conserved sequence region.

The last part of this Special Issue contains three original articles, two of which concern
SBDs from the family CBM20 and the remaining one pertaining to a cyclo/maltodextrin-
binding protein. First, Punt, Sidar, and co-workers (contribution 11) describe the GH13
a-amylase from Aspergillus niger with CBM20 from GH15 A. niger glucoamylase artificially
designed at its N-terminus, achieving the improved binding and processing of various starches.
Then, Svensson, Moller, and co-workers (contribution 12) demonstrate the impact of the
CBM20 SBDs originating from GH77 Solanum tuberosum 4-x-glucanotransferase and GH15
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A. niger glucoamylase fused to the N-terminus of the family GH77 Thermoproteus uzoniensis
amylomaltase on its activity and starch product structure. In the final paper, structure-
function relationships are elucidated by Serrano-Posada, Centeno-Leija, and co-workers
(contribution 13) in relation to a novel cyclo/maltodextrin binding protein playing a role in
the cyclodextrin ABC importer system in Thermoanaerobacterales.

3. Conclusions

In conclusion, it should be said that such a single Special Issue of a journal cannot
cover all particular aspects within any research field that would deserve to be covered;
this would simply be impossible. Nevertheless, I am confident in the top-quality papers
presented here covering various hot topics from the research field of amylolytic enzymes.

Finally, I would like to express my sincere appreciation to MDPI Managers responsible
for the journal Molecules for their trust in this endeavour and for giving me the privilege
to be the Guest Editor of this Special Issue. I would also like to thank both contributing
authors and respected reviewers whose joined efforts gave rise to this collection of articles.
Last but not least, I would like to mention and thank the generous help and support of
my MDPI Editorial Assistant, Mr. Harry Zhong, who took excellent care with technical
editorial matters during the preparation of this Special Issue. Now, please enjoy “Advances
in Amylases”!

Funding: This research was funded by VEGA, the Grant Agency of the Slovak Academy of Sciences,
grant number 2/0146/21.

Conflicts of Interest: The author declares no conflict of interest.

List of Contributions:

1. Tian, Y.; Wang, Y.; Zhong, Y.; Moller, M.S.; Westh, P.; Svensson, B.; Blennow, A. Interfacial
catalysis during amylolytic degradation of starch granules: current understanding and kinetic
approaches. Molecules 2023, 28, 3799. https:/ /doi.org/10.3390 /molecules28093799

2. Zinck, S.S.; Christensen, S.J.; Serensen, O.B.; Svensson, B.; Meyer, A.S. Importance of inactivation
methodology in enzymatic processing of raw potato starch: NaOCl as efficient x-amylase
inactivation agent. Molecules 2023, 28, 2947. https:/ /doi.org/10.3390/molecules28072947

3. Zhai, J.; Li, X,; Svensson, B.; Jin, Z.; Bai, Y. Increasing protein content of rice flour with main-
tained processability by using granular starch hydrolyzing enzyme. Molecules 2023, 28, 3522.
https:/ /doi.org/10.3390 /molecules28083522

4. Shao, Y.; Wang, W.; Hu, Y.; Gdnzle, M.G. Characterization of the glucan-branching enzyme
GlgB gene from swine intestinal bacteria. Molecules 2023, 28, 1881. https://doi.org/10.3390/
molecules28041881

5. Fawaz, R.; Bingham, C.; Nayebi, H.; Chiou, J.; Gilbert, L.; Park, S.H.; Geiger, ].H. The structure
of maltooctaose-bound Escherichia coli branching enzyme suggests a mechanism for donor chain
specificity. Molecules 2023, 28, 4377. https:/ /doi.org/10.3390 /molecules28114377

6. Vester-Christensen, M.B.; Holck, J.; Rejzek, M.; Perrin, L.; Tovborg, M.; Svensson, B.; Field, R.A;
Mpiller, M.S. Exploration of the transglycosylation activity of barley limit dextrinase for produc-
tion of novel glycoconjugates. Molecules 2023, 28, 4111. https:/ /doi.org/10.3390/molecules281
04111

7. Rhimi, M.; Da Lage, ].-L.; Haser, R.; Feller, G.; Aghajari, N. Structural and functional characteri-
zation of Drosophila melanogaster c-amylase. Molecules 2023, 28, 5327. https:/ /doi.org/10.3390/
molecules28145327

8. An, Y; Tran, PL.; Yoo, M.-].; Song, H.-N.; Park, K-H.; Kim, T.-J.; Park, J.-T.; Woo, E.-].
The distinctive permutated domain structure of periplasmic x-amylase (MalS) from glyco-
side hydrolase family 13 subfamily 19. Molecules 2023, 28, 3972. https://doi.org/10.3390/
molecules28103972

9. Auiewiriyanukul, W.; Saburi, W.; Ota, T.; Yu, J.; Kato, K.; Yao, M.; Mori, H. Alteration of
substrate specificity and transglucosylation activity of GH13_31 a-glucosidase from Bacillus sp.
AHU2216 through site-directed mutagenesis of Asn258 on 3— ot loop 5. Molecules 2023, 28, 3109.
https:/ /doi.org/10.3390 /molecules28073109


https://doi.org/10.3390/molecules28093799
https://doi.org/10.3390/molecules28072947
https://doi.org/10.3390/molecules28083522
https://doi.org/10.3390/molecules28041881
https://doi.org/10.3390/molecules28041881
https://doi.org/10.3390/molecules28114377
https://doi.org/10.3390/molecules28104111
https://doi.org/10.3390/molecules28104111
https://doi.org/10.3390/molecules28145327
https://doi.org/10.3390/molecules28145327
https://doi.org/10.3390/molecules28103972
https://doi.org/10.3390/molecules28103972
https://doi.org/10.3390/molecules28073109

Molecules 2023, 28, 7268 4 of 4

10. Marecek, E; Janecek, S. A novel subfamily GH13_46 of the x-amylase family GH13 represented
by the cyclomaltodextrinase from Flavobacterium sp. No. 92. Molecules 2022, 27, 8735. https:
//doi.org/10.3390/molecules27248735

11.  Sidar, A.; Voshol, G.P; Vijgenboom, E.; Punt, PJ. Novel design of an a-amylase with an N-
terminal CBM20 in Aspergillus niger improves binding and processing of a broad range of
starches. Molecules 2023, 28, 5033. https://doi.org/10.3390 /molecules28135033

12.  Wang, Y.,; Wu, Y,; Christensen, S.J.; Janecek, S.; Bai, Y.; Moller, M.S.; Svensson, B. Impact of starch
binding domain fusion on activities and starch product structure of 4-x-glucanotransferase.
Molecules 2023, 28, 1320. https:/ /doi.org/10.3390 /molecules28031320

13.  Aranda-Caraballo, J.; Saenz, R.A.; Lopez-Zavala, A.A.; Velazquez-Cruz, B.; Espinosa-Barrera,
L.; Cardenas-Conejo, Y.; Zarate-Romero, A.; Linares-Vergara, O.; Osuna-Castro, J.A.; Bonales-
Alatorre, E.; Centeno-Leija, S.; Serrano-Posada, H. Binding specificity of a novel cyclo/maltodextrin-
binding protein and its role in the cyclodextrin ABC importer system from Thermoanaerobac-
terales. Molecules 2023, 28, 6080. https:/ /doi.org/10.3390/molecules28166080

References

1. Drula, E.; Garron, M.L.; Dogan, S.; Lombard, V.; Henrissat, B.; Terrapon, N. The carbohydrate-active enzyme database: Functions
and literature. Nucleic Acids Res. 2022, 50, D571-D577. [CrossRef] [PubMed]

2. Janecek, S.; Svensson, B. How many x-amylase GH families are there in the CAZy database? Amylase 2022, 6, 1-10. [CrossRef]

3. Janecek, S.; Gabrisko, M. Remarkable evolutionary relatedness among the enzymes and proteins from the c-amylase family. Cell.
Mol. Life Sci. 2016, 73, 2707-2725. [CrossRef] [PubMed]

4. Henrissat, B. A classification of glycosyl hydrolases based on amino acid sequence similarities. Biochem. J. 1991, 280, 309-316.
[CrossRef] [PubMed]

5. MacGregor, E.A.; Svensson, B. A super-secondary structure predicted to be common to several «-1,4-D-glucan-cleaving enzymes.
Biochem. J. 1989, 259, 145-152. [CrossRef] [PubMed]

6. Takata, H.; Kuriki, T.; Okada, S.; Takesada, Y.; lizuka, M.; Minamiura, N.; Imanaka, T. Action of neopullulanase. Neopullulanase
catalyzes both hydrolysis and transglycosylation at a-(1—4)- and o-(1—6)-glucosidic linkages. J. Biol. Chem. 1992, 267,
18447-18452. [CrossRef] [PubMed]

7. Jespersen, HM.; MacGregor, E.A.; Henrissat, B.; Sierks, M.R.; Svensson, B. Starch- and glycogen-debranching and branching
enzymes: Prediction of structural features of the catalytic (3 / «)g-barrel domain and evolutionary relationship to other amylolytic
enzymes. J. Protein Chem. 1993, 12, 791-805. [CrossRef] [PubMed]

8. Kuriki, T,; Imanaka, T. The concept of the x-amylase family: Structural similarity and common catalytic mechanism. J. Biosci.
Bioeng. 1999, 87, 557-565. [CrossRef] [PubMed]

9.  MacGregor, E.A.; Janecek, S.; Svensson, B. Relationship of sequence and structure to specificity in the x-amylase family of
enzymes. Biochim. Biophys. Acta 2001, 1546, 1-20. [CrossRef] [PubMed]

10. Van der Maarel, M.J.LE.C.; van der Veen, B.; Uitdehaag, J.C.; Leemhuis, H.; Dijkhuizen, L. Properties and applications of
starch-converting enzymes of the a-amylase family. J. Biotechnol. 2002, 94, 137-155. [CrossRef] [PubMed]

11.  Molina, M.; Cioci, G.; Moulis, C.; Severac, E.; Remaud-Simeon, M. Bacterial x-glucan and branching sucrases from GH70 family:
Discovery, structure-function relationship studies and engineering. Microorganisms 2021, 9, 1607. [CrossRef] [PubMed]

12.  Leoni, C.; Gattulli, B.A.R; Pesole, G.; Ceci, L.R.; Volpicella, M. Amylomaltases in extremophilic microorganisms. Biomolecules
2021, 11, 1335. [CrossRef] [PubMed]

13. Henrissat, B.; Davies, G. Structural and sequence-based classification of glycoside hydrolases. Curr. Opin. Struct. Biol. 1997, 7,
637-644. [CrossRef] [PubMed]

14. Cantarel, B.L.; Coutinho, PM.; Rancurel, C.; Bernard, T.; Lombard, V.; Henrissat, B. The Carbohydrate-Active EnZymes database
(CAZy): An expert resource for glycogenomics. Nucleic Acids Res. 2009, 37, D233-D238. [CrossRef] [PubMed]

15. Stam, M.R.; Danchin, E.G.; Rancurel, C.; Coutinho, PM.; Henrissat, B. Dividing the large glycoside hydrolase family 13 into
subfamilies: Towards improved functional annotations of x-amylase-related proteins. Protein Eng. Des. Sel. 2006, 19, 555-562.
[CrossRef] [PubMed]

16. Brown, H.A.; DeVeaux, A.L.; Juliano, B.R.; Photenhauer, A.L.; Boulinguiez, M.; Bornschein, R.E.; Wawrzak, Z.; Ruotolo, B.T,;
Terrapon, N.; Koropatkin, N.M. BoGH13Ag,,s from Bacteroides ovatus represents a novel x-amylase used for Bacteroides starch
breakdown in the human gut. Cell. Mol. Life Sci. 2023, 80, 232. [CrossRef] [PubMed]

17.  Janecek, S.; Marecek, F.; MacGregor, E.A.; Svensson, B. Starch-binding domains as CBM families—History, occurrence, structure,

function and evolution. Biofechnol. Adv. 2019, 37, 107451. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/molecules27248735
https://doi.org/10.3390/molecules27248735
https://doi.org/10.3390/molecules28135033
https://doi.org/10.3390/molecules28031320
https://doi.org/10.3390/molecules28166080
https://doi.org/10.1093/nar/gkab1045
https://www.ncbi.nlm.nih.gov/pubmed/34850161
https://doi.org/10.1515/amylase-2022-0001
https://doi.org/10.1007/s00018-016-2246-6
https://www.ncbi.nlm.nih.gov/pubmed/27154042
https://doi.org/10.1042/bj2800309
https://www.ncbi.nlm.nih.gov/pubmed/1747104
https://doi.org/10.1042/bj2590145
https://www.ncbi.nlm.nih.gov/pubmed/2524186
https://doi.org/10.1016/S0021-9258(19)36983-2
https://www.ncbi.nlm.nih.gov/pubmed/1388153
https://doi.org/10.1007/BF01024938
https://www.ncbi.nlm.nih.gov/pubmed/8136030
https://doi.org/10.1016/S1389-1723(99)80114-5
https://www.ncbi.nlm.nih.gov/pubmed/16232518
https://doi.org/10.1016/S0167-4838(00)00302-2
https://www.ncbi.nlm.nih.gov/pubmed/11257505
https://doi.org/10.1016/S0168-1656(01)00407-2
https://www.ncbi.nlm.nih.gov/pubmed/11796168
https://doi.org/10.3390/microorganisms9081607
https://www.ncbi.nlm.nih.gov/pubmed/34442685
https://doi.org/10.3390/biom11091335
https://www.ncbi.nlm.nih.gov/pubmed/34572549
https://doi.org/10.1016/S0959-440X(97)80072-3
https://www.ncbi.nlm.nih.gov/pubmed/9345621
https://doi.org/10.1093/nar/gkn663
https://www.ncbi.nlm.nih.gov/pubmed/18838391
https://doi.org/10.1093/protein/gzl044
https://www.ncbi.nlm.nih.gov/pubmed/17085431
https://doi.org/10.1007/s00018-023-04812-w
https://www.ncbi.nlm.nih.gov/pubmed/37500984
https://doi.org/10.1016/j.biotechadv.2019.107451
https://www.ncbi.nlm.nih.gov/pubmed/31536775

	Introduction 
	The Special Issue “Advances in Amylases” 
	Conclusions 
	References

