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Statement: Call for Submissions: A1153 – Endo xylanase from T. reesei as a 

Processing Aid 

 

 

AB Enzymes is providing clarification and additional data regarding “Labelling 

Requirements for food produced using gene technology” Section 2.3.1.1 from the Call 

for Submissions, dated February 15, 2018. 

 

We respectfully request that FSANZ reviews the information provided in this response 

for the call for submissions, with respect to the fact that the truncated xylanase can be 

found in nature and thus fulfills Subsection 1.5.2—4(5) for labelling of foods using gene 

technology, such that labelling on final foods is not required. 

 

Please find attached a confidential version (confidential section marked in red) and a 

non-confidential version (confidential sections redacted).  The information deemed 

confidential is company specific data and is proprietary in nature. 
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Nonomuraea flexuosa family 11 xylanase in nature and recombinant xylanase in 

enzyme products of AB Enzymes 

 

1. Amino acid sequence of AM24 xylanase in AB Enzymes´ enzyme products vs. the native 

full-length Nf Xyn11A 

The AM24 xylanase in AB Enzymes´ enzyme products originates from Xyn11A xylanase of 

Nonomuraea flexuosa (Leskinen et al., 2004). The AM24 xylanase is a truncated form of the full-

length mature Nf Xyn11A.  

 

The full-length mature Nf Xyn11A xylanase consists of 301 amino acids and contains an 

enzymatically active core, a carbohydrate binding domain (CBM) and a linker region combining these 

two separately folding units (Fig. 1). The expression cassette pALK1502 transformed to T. reesei in 

construction of the AM24 production strain RF5427 encodes an active truncated Nf Xyn11A xylanase 

of 220 amino acids, including the mature xylanase core region, linker region and six amino acids of 

the CBM (Figs. 1 and 2). No amino acid modifications are encoded by the expression construction 

and thus the amino acid sequence of AM24 in the encoded regions is identical to that of the wild-type 

Nf Xyn11A, the only difference being the lack of CBM in AM24 (Figs. 1 and 2). 

 

 

 

 

 

 

 

 

 
 

Fig. 1. The amino acid sequence of Nonomuraea flexuosa Xyn11A xylanase.  The mature amino acid sequence 

starts from D44 (the N-terminal peptide DTTITQ, determined from the purified Nf Xyn11A protein is 

underlined). The active site glutamic acids are marked with open boxes.  The location of the linker and CBM 

are indicated by a dotted line and markings below the amino acid sequence.  The C-terminus of AM24 encoded 

by the pALK1502 expression construction, ending to L263 and the cleavage sites of r23.8 kDa (after V260) and 

r22.0 kDa (after N236) and the major polypeptide form purified for crystallisation from T. reesei culture 

supernatant (ending to P249) are marked by arrows. The figure is modified from Fig. 1. in Leskinen et al. (2004). 
Nf Xyn11A mature      1 dttitqnqtgydngyfysfwtdapgtvsmtlhsggsystswrntgnfvag 

AM24 mature           1 .................................................. 

 

Nf Xyn11A mature     51 kgwstggrrtvtynasfnpsgnayltlygwtrnplveyyiveswgtyrpt 

AM24 mature          51 .................................................. 

 

Nf Xyn11A mature    101 gtykgtvttdggtydiyetwrynapsiegtrtfqqfwsvrqqkrtsgtit 

AM24 mature         101 .................................................. 

 

Nf Xyn11A mature    151 ignhfdawaragmnlgshdyqimategyqssgsstvsiseggnpgnpgnp 

AM24 mature         151 .................................................. 
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Nf Xyn11A mature    201 gnpgnpgnpgnpgggcvatlsagqqwsdrynlnvsvsgsnnwtvrmdvpy 

AM24 mature         201 ....................------------------------------ 

 

Nf Xyn11A mature    251 pariiatwnihaqwpesqvliarpngngnnwgvtiqhngnwtwptvtcta 

AM24 mature             -------------------------------------------------- 

 

Nf Xyn11A mature    301 n 

AM24 mature             - 

 
Fig. 2. Alignment of mature AM35 and AM24 amino acid sequences. The CBM region starts from amino 

acid G215. 

 

 

2. Different forms of xylanases detected and purified from culture supernatants of N. flexuosa 

and recombinant T. reesei 

The full-length native Xyn11A xylanase has been purified from the culture medium of the N. flexuosa 

gene donor strain (Leskinen et al., 2004). Also, recombinant Xyn11 xylanases have been purified 

from the T. reesei strains producing the full-length mature xylanase (Leskinen et al., 2004) and the 

truncated AM24 xylanase (Hakulinen et al., 2003). In addition to the full-length recombinant Xyn11A 

and AM24 xylanase the T. reesei culture media were shown to contain shorter, active xylanase 

polypeptides. Three major xylanase polypeptides were purified and characterised in Leskinen et al. 

(2004) using, as starting material, the culture supernatant of T. reesei producing the full-length 

Xyn11A. These polypeptides were named as r33.4 kDa, r23.8 kDa and r22.0 kDa basing on their 

molecular masses analysed in mass spectrometry. The r33.4 kDa polypeptide represents the full-

length recombinant Xyn11A. Both the shorter forms had identical N-terminal sequence to the full-

length form but had different C-terminal ends, due to proteolysis. The r23.8 kDa represents a 216 

amino acids long form containing the xylanase core, linker and three amino acids from the CBM (Fig. 

2). The r22.0 kDa represent a 193 amino acids form lacking the CBM and almost the full linker (Fig. 

2). When the xylanase from the culture supernatant of T. reesei producing the AM24 was purified for 

crystallisation (Hakulinen et al., 2003) it was shown that most of the material contained 206 residues, 

consisting of a xylanase form lacking the CBM and partial linker (Fig. 2). 
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Similar degradation products from the native Nf Xyn11A to those characterised from the T. reesei 

culture media are also present in the culture medium of the N. flexuosa used as a gene donor. This 

has been shown by Western blot analysis (Fig. 3; Fig. 5B in Mäntylä et al., 2008). The 35 kDa full-

length Nf Xyn11A and in addition, several polypeptides in the region of 22 – 24 kDa do cross-react 

with the polyclonal antibody.  

 

 A.               B. 
 

 
 
Fig. 3. SDS-PAGE (A) and Western blot (B) analysis of culture supernatant of N. flexuosa culture 

supernatant. The N. flexuosa culture supernatant is run on lane 1. The Nf Xyn11A and shorter polypeptides 

deriving from Nf Xyn11A were detected using a polyclonal antibody prepared against Thermopolyspora fusca 

xylanase A and shown to cross-react with Nf Xyn11A and products deriving from it (Leskinen et al., 2004).  
 

 

3. Carbohydrate degrading enzymes with multi domain structure – sensitivity of linker to 

proteases 

It is well known that many enzymes, such as cellulases and xylanases having a multi domain structure 

and wherein the domains are linked by a linker region are often particularly susceptible to protease 

cleavage, even by the own native host´s proteases. The linker is believed to be sensitive to proteases 

due to its flexibility. Also, in Nf Xyn11A the linker has been shown to be sticking out from the 

molecular structure of the core (Hakulinen et al., 2003) which makes it an easy target for proteases. 

The multi domain enzymes, when developed as industrial products, thus often require careful 

engineering of the joining sequences (core – linker, linker – CBM) to improve stability, in addition 

to a need to use a low protease host and optimization of cultivation conditions (Vehmaanperä et al., 

2014; Paloheimo et al., 2016). 
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4. Conclusion 

The recombinant AM24 xylanase produced by T. reesei is a truncated enzyme that differs in length 

but not in sequence to the native full-length N. flexuosa Xyn11A protein. The active core of AM24 is 

identical to that of the native Nf Xyn11A in both sequence and structure. AM24 is lacking the CBM 

of the native xylanase. However, it is well known that the linker regions of different multi modular 

glycoside hydrolases are easily degraded by proteases, even with the native proteases. It has also been 

shown that Nf Xyn11A degradation products of different molecular masses (22 – 24 kDa) can be 

detected from the culture media of the N. flexuosa gene donor strain as well as from the T. reesei 

strain producing the recombinant Xyn11A. Thus, it can be concluded that a wide variety of different 

active polypeptides deriving from Nf Xyn11A, with heterogeneity in their C-terminal amino acid 

sequences, also including forms lacking the CBM (and thus corresponding to AM24) exist in natural 

environments, due to action of both host and other microbial proteases with different specificities.   
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