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14 10 Abstract: Glucosinolates are plant natural products which on degradation by myrosinases give rise to the
15 11 beneficial bioactive isothiocyanates. Recently, a myrosinase activity was detected in a Citrobacter strain isolated
16 12 from soil. This enzyme was purified enabling its amino acid sequence and gene sequence (cmyr) to be determined.

17 13 In order to study this myrosinase it was necessary to establish an expression system that would enable future work
18 14 such as a structural determination of the protein to be carried out.

19 15 The myrosinase gene was amplified, cloned and expressed in Escherichia coli with a 6XHis-tag. The
o0 16 heterologous expression of crmyr enabled relatively large amounts of myrosinase to be produced (3.4 mg cmyr/ 100
21 17 ml culture). Myrosinase activity was determined by mixing substrate and enzyme and determining glucose release.
2o 18 Optimum pH and temperature were determined to be pH 6.0 and 25°C for the Ni-NTA purified protein. The kinetic
23 19 parameters of the purified myrosinase were determined using sinigrin as a substrate. Km and Vmax were estimated
24 20 as 0.18 mM and 0.033 mmol/min/mg respectively for sinigrin under optimum conditions and compared to other
25 21 kinetic data for myrosinases. The substrate specificity of myrosinase was determined having the highest affinity for
26 22 sinigrin followed by glucoiberin, progoitrin, glucoerucin, glucoraphanin and glucotropaeolin.

27
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29 24

30

31

gg 25 1. Introduction

34 26 Glucosinolates are secondary metabolites found in the Brassicaceae such as broccoli (Brassica
35 27  oleracea var. italic), cabbage (Brassica oleracea var. capitata f. alba) and cauliflower (Brassica oleracea var.
36 28  botrytis). The importance of glucosinolates lies in their enzymatic degradation products [1], [2] notably
37 29  the isothiocyanates which have health promoting effects [3][4]. They also have a key role in plant insect
30 interactions as well as in allopathy [5]-[10]. Glucosinolates are hydrolysed by myrosinases (EC 3.2.1.147,
40 31  thioglucosidase glucohydrolase) on tissue damage to the plant to form isothiocyanates (ITCs) (Figure 1)
41 32  unless specifier proteins are present in which case hydrolysis can lead to the formation of nitriles,
42 33  thiocyanates and epithionitriles [11]. ITCs are known to have antioxidant, immunostimulatory, anti-
43 34  inflammatory, antiviral and antibacterial properties as well as chemopreventive and therapeutic agents
44 35 [4],[12], [13].

45 36 The structure of plant myrosinase was revealed some years ago when the crystal structure of

2(73 37  myrosinase from Sinapis alba seeds was elucidated. The S. alba myrosinase utilizes a nucleophile
48 38  (glutamate) and ascorbate as a catalytic base. It is a dimer stabilized by a zinc atom and has a (3/a)8-

49 39  Dbarrel structure similar to the GH1 (glucosidase family 1) enzymes [14], [15].

50 40 The presence of myrosinases extends beyond plants and are found in aphids [16]-[20], beetles [21],
51 41  bacteria [22]-[25] and fungi [26]-[28] and are likely to occur in many diverse organisms. In comparison
52 42  to plants less is known about the bacterial myrosinases [29]. The first bacterial myrosinase was purified
53 43 in 1974 from Enterobacter cloacae but work was not extended to investigate the amino acid sequence of
54 44 this protein [22]. Later studies examined a range of bacteria for their role in glucosinolate metabolism
25 45 as well as the identification and characterization of putative myrosinases [25], [30]. Several studies have
57 46 described glucosinolate metabolism by human gut bacteria in rat models [31], [32] or using in vitro
5g 47  fermentation models [25], [30].
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More recently a myrosinase from a Citrobacter strain isolated from soil was identified [33] while a
recent study reported the presence of an operon responsible for glucosinolate metabolism in a gut
bacterium Bacteriodes thetaiotaomicron [34].

Citrobacter Wyel was isolated from soil using an enrichment method with sinigrin as the sole
carbon source. Crude cell free extracts showed an active myrosinase which produced isothiocyanates.
Using a combination of ion exchange and gel filtration chromatography, a myrosinase was purified to
homogeneity and the N terminal amino acid sequence determined. Additional sequence determination
enabled the gene to be identified from the sequenced genome. An enzyme kinetic study was also carried
out on the crude protein extracts of Citrobacter Wyel giving apparent Km and Vmaxvalues. It was revealed
that this myrosinase is a periplasmic (3-glucosidase from the GH3 family with a signal peptide [33]. So
far, identified myrosinases in plants, aphids or beetles fall into the GH1 family while Citrobacter Wyel
myrosinase (cmyr) belongs to the GH3 family. Plant myrosinases are activated by ascorbate to varying
degrees [35] acting as a catalytic base [15] within the active site of the enzyme [36]. Although the
myrosinase of Citrobacter strain from soil was found to be slightly activated by ascorbic acid [33], non-
plant myrosinases can be neutral to the presence of ascorbic acid or inhibited by it [36].

The cmyr is not an abundant protein and requires relatively large scale fermentation and large
amounts of the glucosinolate sinigrin making characterization studies prohibitively expensive. Thus, to
enable characterization of this enzyme we have set out to overexpress cmyr in Escherichia coli and carry
out a kinetic study with a variety of glucosinolate substrates.

2. Materials and Methods
2.1. Bacterial Strains

E. coli DH5a and E. coli (BL21DE3) were purchased from Thermo Fisher Scientific.
2.2.Multiple Alignment of Citrobacter Wyel Myrosinase

Amino acid sequences of different myrosinases from different origins were selected using the
Uniprot database. These myrosinases were aligned with cmyr using Clustal Omega [37].

2.3. Cloning and Expression of Myrosinase Gene

A cloning vector which has 6XHis-tag site in both N-terminal and C-terminal site (pET28b) was
used as cmyr was reported to have a signal peptide. Forward and reverse primers were designed to
introduce new restriction sites by changing nucleotides and to enable in-frame translation of C-terminal
6XHis-tag by insertion of a new nucleotide to the reverse primer. The primers used to amplify the crmyr
and PCR conditions are given in Table 1 with the restriction sites underlined. The PCR insert was
amplified using Phusion polymerase (Finnzymes) and double restricted by Ndel/Xhol and ligated to
Ndel/Xhol double restricted pET28b vector (Novagen) then E. coli DH5a cells were transformed with
this gene construct and the cells were plated on L agar with kanamycin (30 pg/ml final concentration).

Colonies were screened by colony PCR using primers T7P2 (5'-TGAGCGGATAACAATTCCC) and
T7T (5-GCTAGTTATTGCTCAGCGQG) to select the positive transformants. The clones that gave a
positive result for PCR were selected and inoculated in L Broth with kanamycin (30 pg/ml final
concentration) and grown overnight at 37°C, with shaking at 250 rpm. The recombinant plasmids were
extracted using EZNA Plasmid Mini Kit II (Omega Bio-Tek) and sequenced, then E. coli BL21 (DE3) was
transformed with the recombinant plasmid for protein expression.

E. coli BL21 (DE3) expressing pET28b-cmyr was induced with 0.5 mM IPTG. Protein expression
induction was carried out at 25°C for 24 h or at 37°C for 3 h. After protein induction, cell-free extracts
(CFEs) were prepared by sonication (Soniprep 150, MSE) (sonicating for 15 s then on ice for 30 s, 7X).
After centrifuged for 25 min, 13000 x g at 4°C, the supernatants were transferred into new clean tubes
(soluble extracts), 500 pl resuspension buffer was added to the cell pellets (insoluble extracts). Soluble
and insoluble fractions were run on SDS-PAGE (Invitrogen).

2.4. Purification of Myrosinase
For Western blot analysis, proteins were transferred onto a polyvinylidene difluoride membrane
(Invitrogen) as manufacturer’s instructions. His-tagged proteins were detected using an anti-His tag

monoclonal antibody (Novagen) with alkaline phosphatase-linked anti-mouse immunoglobulin G
(Sigma-Aldrich) as the secondary antibody and colorimetric detection with Sigma Fast BCIP (5-bromo-
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4-chloro-3-indolylphosphate)-nitroblue tetrazolium as the substrate. Following confirmation by
Western Blot, cmyr was purified by affinity purification using a Ni-NTA column. E. coli BL21 (DE3) cells
with cmyr were grown in L broth with antibiotic (30 pg/ml final concentration) at 25°C for 4 h with 250
rpm shaking until an optical density (ODsw) of 0.6 was reached. The culture was induced with IPTG at
a final concentration of 0.5 mM IPTG. The cells were harvested by centrifugation for 20 min, at 3200 xg
4°C. Ni-NTA agarose resin slurry (Qiagen) was used to perform purification of His-tagged proteins as
recommended by the manufacturer, using an elution buffer of 10 mM Tris pH 8.0, 150 mM NaCl, 200
mM imidazole. Purified proteins were quantified using the Bradford assay (Bio-Rad) and visualized on
4-12% NuPage Bis-Tris gels in MES (2-(N-morpholino)ethanesulfonic acid) buffer stained with Simply
Blue Safestain (Invitrogen).

Ni-NTA purified cmyr was dialysed to remove excessive amount of imidazole from Ni-NTA
column purification. Spectra/Por porous membrane tubing with 500-1000Da cut off (Spectrum Labs)
was used for dialysis. The protein was dialysed against 20 mM citrate phosphate buffer pH 6.0 for 18 h
at 4°C. The protein concentration of the dialysed fractions was quantified by Bradford assay.

2.5 Measurement of Enzyme Activity

God-Perid assay was used to determine the enzyme activity of cmyr [38]. The absorbance readings
at 420 nm were measured using 6715 UV/Vis Spectophotometer (JENWAY, UK). A calibration curve
was prepared using glucose to quantify the glucose released due the enzyme activity. All activity assays
were repeated 3 times using the same batch of enzyme (technical replicates).

2.6. Intact Mass Analysis

Dialysed protein sample was concentrated to 50 uM using Amicon Ultra 4-50 k filters (Millipore),
this protein sample was analysed by LCMS to determine the intact mass of the protein. The analyses
were carried out on a Synapt G2-Si mass spectrometer coupled to an Acquity UPLC system (Waters,
UK). An aliquot of ~300 pmoles of protein was injected onto an Aeris Widepore 3.6u C4 Column 50 x
2.1 mm (Phenomenex). Elution was performed by a gradient of 5-90% acetonitrile in 5 min with a flow
rate of 0.4 ml/min. Masslynx 4.1 software (Waters) was used to control the spectrometer and it was
operated in positive MS-TOF and resolution mode with a capillary voltage of 2.5 kV and a cone voltage
of 40 V. Leu-enkephalin peptide (1 ng/ml, Waters) was infused at 3 pul/min as a lock mass and measured
every 20 s. The spectra were produced by combining a number of scans, and deconvoluted using the
MaxEnt1 tool in Masslynx.

4.6. Characterisation of Myrosinase

The Ni-NTA purified, dialysed enzyme was used for further characterisation. Substrate specificity,
the optimum pH and temperature conditions for myrosinase activity were investigated.Freshly
prepared enzyme was used for enzyme kinetics experiments to determine Km and Vmax for sinigrin
under optimum conditions.

The optimum pH was tested in 20 mM citrate phosphate buffer (pH range of 3.6-7.6). Dialysed
cmyr was added to the 300 pl mixture of sinigrin (2 mM, final), protein (24 ng) in 20 mM citrate
phosphate buffer at a pH range of 3.0 - 7.6. The assay mixture was incubated at 37°C for 1 h and reaction
was stopped by boiling the tubes for 5 min to inactivate the myrosinase. God-Perid assay was used to
determine the glucose released. The optimum temperature was tested over a range of temperatures (5-
70°C). The reaction mixtures were set up in 300 pl of volume consisting sinigrin (2 mM), protein (24 ng)
in citrate phosphate buffer pH 6.0, incubated for 30 min and glucose release was measured by God-
Perid assay.

To assess the Michaelis-Menten constant (Km) and maximum velocity (Vmax) for sinigrin, 0.1-5 mM
range of sinigrin was incubated with cmyr (24 ng) in 300 pl of citrate phosphate buffer pH 6.0 at 25°C
for 10 min then activity was determined by God-Perid assay. The Michaelis Menten plot method was
prepared to determine Km and Vmax. The myrosinase activity of cmyr was tested using 2 mM of different
glucosinolates (sinigrin, glucoiberin, progoitrin, glucoerucin, gluroraphanin, glucotropaeolin,
gluconasturtiin and glucobrassicin) by God-Perid assay. The assay was undertaken at optimum
temperature and buffer conditions for myrosinase activity. In addition, the stability of myrosinase
activity of cmyr was tested in 20 mM citrate phosphate buffer pH 6.0 over 5 weeks at 4°C.

3. Results
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3.1. The Comparison of Citrobacter Wyel Myrosinase to Known Myrosinases

The protein sequence of cmyr was aligned with other myrosinases identified from different sources
and we confirmed that cmyr is quite distinct from other myrosinases. There is a high sequence similarity
among plant myrosinases from thale cress (Arabidopsis thaliana), wasabi (Eutrema japonicum), white
mustard (S. alba), rapeseed (Brassica napus) and Chineese kale (B. oleracea var. alboglabra). The
nucleophile was reported to be Glu 409 residue in S. alba myrosinase and ascorbic acid substitutes the
proton donor. On the other hand, Glu 374 and Glu 167 were reported to be the nucleophile and the
proton donor respectively in cabbage aphid (Brevicoryne brassicae) myrosinase [18]. These two key amino
acid residues were not conserved in cmyr and it was found to be quite distinct from aphid and plant
myrosinases (See Supplementary, S1). The importance of the conserved motif 'SDW’ (a feature of GH3
glucosidases) in cmyr possessing aspartic acid (D) as the nucleophile was suggested by Albaser et al.
(2016) [33].

3.2. Cloning and Expression of Myrosinase Gene

The myrosinase gene was amplified by PCR and the gene sequence was submitted to Genbank
(ALM58466.1). The gene was cloned into pET28b and E. coli DH5a cells were transformed with the
recombinant plasmid. This recombinant plasmid was sequenced and confirmed to have no mutation in
the gene insert. E. coli BL21(DE3) was transformed with the construct and the induction of protein
expression was performed by addition of IPTG.

The soluble and insoluble cell free extracts (CFE) from protein expression trials were monitored by
SDS-PAGE. Protein expression at 25°C for 24 h resulted in a good yield of expressed cmyr in the soluble
fraction compared to protein expression at 37°C for 3 h, which resulted in in cmyr being predominantly
in the insoluble fraction.

3.3. Western Blotting and Purification of Myrosinase

The CFEs were prepared and analysed for the presence of a 6X-His tag by Western blot analysis
(Figure 2) using a His-tag antibody (Novagen). The incubation time for bacterial expression was
reduced from 24 h to 4 h providing an increased protein yield.

The cmyr has two 6XHis-tags at N and C terminal site and the predicted size of the protein is ~75
kDa. However, on cleavage of the N-tagged then the predicted size is ~70 kDa with the one 6XHis-tag
at C terminal site. The intact mass spectrum analysis showed that cmyr has a measured mass of 70,332
Da suggesting that the signal peptide was cleaved correctly (See Supplementary S2 for MS
chromatogram).

Following expression, it was purified by Ni-NTA column (Figure 3) yielding approximately 3.4 mg
cmyr/ 100 ml culture.

3.4. Characterisation of recombinant myrosinase

S. alba myrosinase (Sigma Aldrich) was used as a positive control and gave a positive result for
myrosinase activity (0.33 + 0.05 umol glucose/min/mg enzyme).

The myrosinase activity of cmyr was tested in 20 mM citrate phosphate buffer within a pH range
of 3.6-7.6, pH 6.0 was determined to be optimum for myrosinase activity (Figure 4). The enzyme activity
was found to decrease beyond pH 6.0.

The optimum temperature was found to be 25°C under the conditions tested (Figure 5). The
enzyme activity was reduced significantly beyond 30°C and further diminished over 50°C.

3.5. Enzyme Kinetics

The kinetic parameters of the Ni-NTA purified cmyr were determined using sinigrin as substrate.
Km and Vmaxwere estimated as 0.18 mM and 0.033 mmol/min/mg for sinigrin at pH 6.0 and 25°C (Figure
6).
3.6. Substrate Specificity of cmyr

The cmyr showed activity towards all of the glucosinolates (Table 2) except gluconasturtiin and
glucobrassicin. The specific activity of cmyr was highest for sinigrin, followed by glucoiberin >
progoitrin > glucoerucin > glucoraphanin > glucotropaeolin. The cmyr had similar specific activity for
glucoerucin, glucoiberin and progoitrin while that of glucoraphanin and glucotropaeolin was lower.
Gluconasturtiin and glucobrassicin were not degraded by this enzyme under the conditions tested.
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3.7. Activity of recombinant cmyr stored at 4°C

Dialysed cmyr was tested for activity in 20 mM citrate phosphate buffer pH 6.0 at 4°C. Results
indicate that cmyr lost half of its original myrosinase activity within 6 days (Figure 7). At 5 weeks, 97%
of the activity was lost.

4. Discussion

The main objective of this study was to develop an expression system for a bacterial myrosinase to
enable sufficient amounts of protein for characterization studies. This was achieved using heterologous
protein expression in E. coli. The recombinant protein was not stable and had a half-life of 6 days. This
instability was also observed with the native protein [33] but not quantified.

There have been many Km and Vmax determinations on plant myrosinases [35], [36] while non plant
Km and Vmax determinations have been limited to aphid myrosinases e.g. the cabbage aphid (Brevicoryne
brassicae) myrosinase using sinigrin as a substrate and were found to be 0.41 mM (at pH 4.5, 30°C)[16]
and 0.61 mM (at pH 5.5, 30°C)[17] for myrosinase purified by conventional chromatography and
utilizing an expression system respectively.

In this study, we observed a lower Km value (0.18 mM) for the cloned purified protein than that
obtained by Albaser et al. (2016) (0.46 mM) where cell free protein extracts were used [33]. The Km value
obtained by Albaser et al. (2016) was an apparent Km as a crude protein extract was used. Thus, other
proteins in the extract may have influenced the outcome of the Km determination. Also given the
relatively short half-life of the myrosinase it is difficult to directly compare the Km values for each of the
protein preparations.

There have been several Km determinations on plant myrosinase in the absence [39] and presence
of ascorbate [40] where ascorbate acts as a catalytic base [15] and impacts on both Km and Vmax values.
The necessity of activation of plant myrosinase by ascorbate most likely stems from its role in defense
against pests and diseases where a rapid response is required. The myrosinase of the cabbage aphid is
highly concentrated into microbodies within the thoracic muscles of the insect leading to rapid
hydrolysis of the haemolymph glucosinolates and does not require a cofactor to augment activity [17],
[41], [42]. The cmyr is an inducible enzyme and does not have a defense role but rather a nutritional one
(glucose production from glucosinolate) and again there would be no real advantage in augmentation
by a cofactor. Also ascorbate levels are unlikely to be of significant levels in the environment of this
bacteria. It has been shown that a myrosinase from Lepidium latifolium L. is redox regulated [39] but that
was not considered with respect to the cmyr.

The optimum temperature for myrosinase activity was found to be 25°C which is consistent with
the native protein [33], but lower than some myrosinases [39], [40], [43]. The pH optimum for cmyr is
6 and is similar to that of some plant myrosinases such as from rapeseed (B. napus) [40] and tall whitetop
(L. latifolium L.) [39]. Although the cmyr is unstable over time the determinations of the temperature
and pH optima determinations would not be affected as the assay points are relative to one another.

In comparison to other myrosinase pH optima, cmyr was lower than a fungus myrosinase [26] and
higher than cabbage aphid myrosinase [17]. The activity of cmyr was found to gradually decrease above
pH 6.0, which was not the case with rapeseed and horseradish myrosinases [40], [43]. Li et al. (2005)
reported that optimum pH was 5.7 for horseradish (A. rusticana) myrosinase and myrosinase activity
was reported to retain 80% of the maximum activity between pH 5.0-8.0 values [43]. We observed a
significant decrease in myrosinase activity above optimum pH especially above pH 7.0 for cmyr. This
might be explained by the origin of the Citrobacter Wyel which was isolated from soil with neutral pH
(UK Soil Observatory, 2021) [44]. Myrosinases are also likely to be structurally diverse as cmyr belongs
to the GH3 family of glucosidases and not the GH1 family, as is the case with most myrosinases
characterised so far.

This study investigated the enzyme activity towards additional substrates compared to the
previous study [33]. The cmyr showed differing specificity for each glucosinolate tested. The preference
of aliphatic glucosinolates (glucoiberin, progoitrin, glucoerucin and glucoraphanin) over aromatic
glucosinolates (glucotropaeolin) might indicate the importance of the side chain for myrosinase activity
of cmyr. As cmyr showed a lower specificity for glucosinolates with longer side chains such as
glucoraphanin compared to glucoiberin, the length of the side chains seems to be an important
determinant for the specificity of cmyr. Comparing specific activity for glucoerucin and glucoraphanin

5
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suggests that the oxidation of sulfur in methionine derived side chain is important as the polar nature
of the sulfinyl group may result in unfavourable interactions within the active site of the enzyme. It was
also reported that L. agilis R16 does not metabolise glucoraphanin to a significant degree which suggests
that the myrosinases are hindered by the steric effects of the methylsulfinyl group [25].

The presence of indole or aromatic rings in the side chain affects specificity since cmyr shows very
low or no activity towards glucotropaeolin, gluconasturtiin and glucobrassicin (Table 2). The specificity
of myrosinases can vary quite markedly [16], [17], [39], [45], [46]. For example, as with cymr the cabbage
aphid myrosinase was found to have higher specificity for sinigrin than glucotropaeolin in two separate
studies [16], [17]. Even though previous work reported formation of ITC from gluconasturtiin [33], our
study did not show any activity for this substrate. A potential reason for this might be the effect of 6X-
His tag attached to the protein at C-terminal site. There are studies reporting the detrimental effects of
a polyhistidine tag at C-terminal site on enzyme stability and activity [47], [48] and changes in substrate
specificity [49].

The importance of a conserved amino acid sequence, SDW, was reported for the enzyme activity
of cmyr and aspartic acid (D) was suggested as the catalytic nucleophile by Albaser et al. (2016) [33].
The mechanism of glucosinolate hydrolysis by cmyr is likely to follow acid/base catalysis together with
a catalytic nucleophile. A putative mechanism has been suggested by Albaser et al. (2016) [33] and is
shown in Figure 8. Crystallography studies, however, are required to identify the active site of the
enzyme which would enable modification strategies to increase activity as well broadening substrate
specificity. Myrosinase stabilization studies together with a view to obtaining a crystal structure will go
some way to elucidating the mechanism of cmyr.

Whilst a great deal of sequence information is available for plant myrosinases relatively little
sequence data is available for bacterial myrosinases [29]. Multiple sequence alignments were performed
to compare cmyr with identified myrosinases against the UniProt database but there are no new
myrosinase sequences having a significant match to cmyr to date. To enable a better understanding of
the metabolism of glucosinolates in the human gut/soil it is important to identify bacteria that can
metabolise glucosinolates as well as the putative myrosinases that carry out the hydrolysis. Previous
work with E. cloacae showed the presence of a myrosinase but there is no sequence data for this activity.
There is, however, 70% homology of a E. cloacae protein with the cmyr that shares the characteristic
SDW signature of the GH3 (-O-glucosidases [33] which is tempting to speculate that this is the
myrosinase of E. cloacae. Elucidation of myrosinase bacterial sequences will eventually allow more
meaningful studies to be carried out with gut models. Although cmyr is of soil origin, it is known that
the human gut can also harbor Citrobacter species. For example, one of the human gut isolates from our
laboratory showed glucosinolate degrading ability (unpublished data) and 16S rDNA and genome
sequencing revealed that it was a strain of Citrobacter freundii [50].

Mustard crops that have high concentrations of sinigrin are used as biofumigants in a process
known as green manuring for pest and disease control. These products produce high levels of
isothiocyanates but one potential issue here is that soil microbiota can metabolise glucosinolate to
products other than isothiocyanates. Thus, for example Citrobacter Wye 1 could potentially have a
negative affect as it does not produce high levels of ITCs as they undergo a detoxification to form an
unknown metabolite [29]. It is likely that the bacterial metabolism of glucosinolates is diverse and it is
important to identify degraders that produce ITCs as well those that produce other products in order
to gain a picture of what is beneficial in relation to both human gut metabolism and agriculture.

5. Conclusion

Studying the diversity of bacteria that can metabolise glucosinolates is required in order to
understand how glucosinolates can benefit both human health and agriculture. In this respect it is of
importance to expand our knowledge of the bacterial myrosinase enzymes. So far cmyr is the only
characterized bacterial myrosinase in terms of both its gene and protein.

In summary, this study investigated the feasibility of generating large amounts of recombinant cmyr
together with some characterisation. Future structural studies will give an insight into the nature of this
novel GH3 class of bacterial myrosinases.

Supplementary Materials: The following are available online, Figure S1: The multiple alignment of cmyr with
some of the identified myrosinases. The abbreviations were used for myrosinase from: CMYR; Citrobacter Wyel,
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BREBR (Q95X01); B. brassicae (aphid), ARATH (P37702); A. thaliana, EUTJA (Q4AE75); E. japonicum, SINAL
(P29092); S. alba, BRANA (Q00326); B. napus, BRAO (A6XG32); B. oleracea var. alboglabra. The default settings were
used for Clustal Omega. The entry numbers of sequences at Uniprot database are given in brackets. SDW motif was
highlighted. The proton donor and nucleophile in S. alba myrosinase are in Gln 207 (Q) and Glu 426 (E) positions,
respectively and they are highlighted as well. Figure 52: The MS spectrum for cmyr. Appropriate fragments of cmyr
were determined in positive MS-TOF.
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Figure Captions

Fig. 1. Glucosinolate degradation by myrosinase [29].

Fig. 2. SDS-PAGE and Western Blot of soluble and insoluble extracts from E. coli BL21(DE3) expressing pET28b-
cmyr. CFEs were run on 4-12% Bis-Tris gel under denaturing, reducing conditions in MES buffer.10 pg of protein
was loaded per lane. M: See Blue Protein Marker (Invitrogen). 1-2; soluble and insoluble CFEs of induced (25°C, 4
h) cells respectively. 3-4; Western blot (using anti-His tag antibody) within the same order of the protein gel.

Fig. 3. SDS-PAGE of the Ni-NTA purified cmyr protein from E. coli BL21 (DE3) expressing pET28b-cmyr. Proteins
were run on 4-12% Bis-Tris Gel under denaturing, reducing conditions in MES buffer. 3.25 ul of fractions were
loaded per lane. L; lysate, FT; flow through, W; wash, E; eluate, M; See Blue protein marker (Invitrogen). The
expected protein size of cmyr with N- and C-terminal 6X-His tags was 75 kDa.

Fig. 4. pH optimum range of recombinant cmyr myrosinase activity in 20 mM citrate phosphate buffer. The
myrosinase activity was determined at 37°C after 30 min incubation measuring glucose release by God-Perid
Assay. Error bars = standard deviation (n=3).
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Fig. 5. Temperature optimisation of cmyr in 20 mM citrate phosphate buffer pH 6.0. The myrosinase activity was
determined after 30 min incubation measuring glucose release by God-Perid Assay. Error bars = standard deviation
(n=3).

Fig. 6. Kinetic analysis of cmyr using sinigrin as substrate. Specific activity (mmol/min/mg protein) of cmyr (24 ng
incubated) at different concentrations of sinigrin (0.1-5 mM) was used to prepare non-linear Michaelis Menten

plot.

Fig. 7. Half life of cmyr activity. The myrosinase activity was determined at 25°C in 20 mM citrate phosphate
buffer measuring glucose release by God-Perid assay (SD,n=3).

Fig. 8. Potential mechanism of cmyr catalyzed glucosinolate hydrolysis.
Tables and Their Captions

Table 1. Primers and conditions used in the PCR experiments to amplify the cmyr.

Name Primer Sequence (5™-3") Ta, time, cycles TE, time
CMYR-F  GGAACATATGCTCACTGCTTITAAGA 54°C, 30 s, 5X 72°C, 1 min
CMYR-R CAGACTCGAGACGTGTCAGTCCGAAT 68°C, 30 s, 20X

The restriction sites are Ndel and Xhol for CMYR-F and CMYR-R primers respectively and these sites are
underlined. The altered nucleotides to introduce the restriction sites are given in bold. The inserted nucleotide is
highlighted. Ta; annealing temperature, cycles; cycles used in annealing step of PCR, Tg; extension temperature
and time used in PCR. The annealing step was performed using Tm of 100% sequence match part of primers first
(5X) and then using the Tm of entire primer (20X).

Table 2. The myrosinase activity of cmyr towards different glucosinolates

Glucosinolates Specific activity (umol/min/mg protein)
Sinigrin 47.31+1.25
Glucoiberin 39.96 £ 3.90
Progoitrin 3542 +1.72
Glucoerucin 30.48 + 4.60
Glucoraphanin 5.28 +0.38
Glucotropaeolin 2.38+0.10
Gluconasturtiin ND
Glucobrassicin ND

Myrosinase activity was determined at 25°C in 20 mM citrate phosphate buffer and measuring glucose release by
the God-Perid assay. All tests were performed using the same batch of purified enzyme on same day (SD, n=3).
ND, not detected.
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