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(57) Abstract: Site-specific modifications of proteins are desirable in biotechnological applications such as biopharmaceuticals, im
munotherapy, vaccines, and are useful in chemical biology. Gluconoylation is a non-enzymatic, covalent, post-translational modifica
tion commonly observed on N-terminal His-Tags bearing proteins. We synthesized glucono-1,5-lactone derivatives, including azido 
variants for selective acylation. High yield acylation is achieved by simply mixing derivatives with target protein amidst diverse con
ditions of temperatures, aqueous buffers, excipients, or complex cell lysate.
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Synthesis of lactone derivatives and their use in the modification of proteins 

Technical field 

The present invention relates to methods of synthesizing lactone derivatives as well as methods for 

5 chemically modifying, and purifying modified proteins. The methods of synthesizing lactone 

derivatives are encompassed in the field of carbohydrate chemistry and the method for modifying, and 

purifying modified proteins is encompassed in the field of protein chemistry.  

Background art 

10 Well-characterized protein bioconjugates are indispensable for chemical biology studies and 

biopharmaceutical applications. Traditional methods for obtaining bioconjugates typically target 

naturally-occurring chemical groups, such as the abundant amino (Lys, N-terminus) or carboxyl 

groups (Asp, Glu, C-terminus), or the less common sulfhydryl groups (Cys) (Hermanson 2013). Site

selective protein conjugation is desirable but technically challenging (Rosen and Francis 2017). Unless 

15 the targeted chemical group is uniquely present in a biomolecule, heterogeneous subpopulations of 

bioconjugates may be obtained. Heterogenous subpopulations are undesirable because they can display 

vastly different biological and pharmaceutical properties. Mandatory regulatory downstream mass 

spectrometric characterizations of bioconjugates is also complicated by heterogeneity, as the mass of 

the base protein is split into two or more values, even if the obtained heterogeneity should be 

20 biologically harmless (Kieran F. Geoghegan 2016).  

Hence there is a need for methods that reduce heterogeneity in biopharmaceutical formulations 

(PEGylation etc.), antibody-drug conjugates (Jain et al. 2015), immunomodulatory conjugates and 

conjugate vaccines (Kanekiyo, Ellis, and King 2019), as well as for biomaterials (Pr6schel et al. 2015).  

25 

Methods for natural amino acid residue modification are plentiful and have been reviewed in detail 

(deGruyter, Malins, and Baran 2017).  

Unnatural amino acids with bioorthogonal reactivities may be incorporated into recombinant proteins 

30 by feeding the expression host modified amino-acids (Datta et al. 2002), the exploitation of Amber 

host suppression (L. Wang et al. 2001), genetic code expansion (Xie and Schultz 2006; Davis and 

Chin 2012; Lang and Chin 2014) or the use of Genetically receded organism (Lajoie et al. 2013). A 

common drawback is that these approaches require expensive, chemically difficult to synthesize amino 

acid derivatives. Not only are special strains required but due to the promiscuity of tRNA synthases, 

35 reports of undesirable miss incorporation of unnatural amino acids into non-target positions, detectable 

by mass spectrometric approaches, have been recently added to the literature (Aerni et al. 2015; Gan 

and Fan 2017; Kunjapur et al. 2018).
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Alternative approaches rely on the engineering of protein domains or enzymes. For example, Split

Inteins (Hirata et al. 1990), or Catcher/Tag technology (Bijan Zakeri and Howarth 2010) have been 

described. Recently, site-specific transglutaminases (Steffen et al. 2017), and peptide-peptide ligases 

5 such as Catcher/Tag-derived Spy- and SnoopLigase (Fierer, Veggiani, and Howarth 2014; Buldun et 

al. 2018), butelase (Nguyen et al. 2014; Cao et al. 2016), and engineered asparaginyl endopeptidases1 

(Harris et al. 2015; R. Yang et al. 2017; Jackson et al. 2018) have been presented in addition to the 

traditional sortase approach (Mazmanian 1999). The common drawback of enzymatic and protein 

domain-based approaches is that high concentrations of linkage partners and/or large excess of ligation 

10 partner is required (e.g., sortases), ligating enzymes need to be removed after the conjugation, or that 

protein scars arise (e.g. SpyCatcher:SpyTag leaves a -100 aa scar, -11.5 kDa in Mw).  

One particular strategy is the modification of proteins at their N-termini. Modifying N-termini appears 

attractive as there can only be one N-terminus per linear polypeptide sequence and more than 80% of 

15 all monomeric structures in the PDB have their N-terminus exposed (Jacob and Unger 2007).  

Importantly the pKa value of the N-terminal a-amino group is lower (pKa 7.6-8.0) than those of 

typical Lys side-chain c-amines (pKa 10.5 1.1) and the N-terminus may therefore be targeted for 

selective, pH-controlled acyl- or alkylation (Grimsley, Scholtz, and Pace 2008).  

20 However, most chemical N-terminal modification techniques can lead to off-site modifications, e.g., 

lysine acylation within the protein (see, for example, Martos-Maldonado et al. 2018) - thus a challenge 

in the field is to achieve N-terminal modification whilst minimizing off-site modification (Rosen and 

Francis 2017).  

25 Most proteins that are fused to an N-terminal His6 tag for immobilized metal affinity chromatography 

(IMAC) purification actually contain the sequence MGSSHHHHHH, due to being cloned into the 

popular pET vector series for recombinant bacterial production in Escherichia coi. An NCBI protein 

blast yields >20,000 search results (exceeding server limit, likely more) for this particular sequence, 

likewise a lens.org protein blast against the US patent office database results in -20,000 individual 

30 patent families (grants ~3,600, applications ~16,500) utilising this sequence, confirming the 

widespread use of this purification tag. The particular tag sequence is utilised in ~ 60% of 

crystallographic studies (Derewenda 2004).  

Expression of an MGSSHHHIHH tagged protein in E. coi B-strains, such as the widely used 

35 BL21(DE3) or other B-strain derivatives, can lead to partial gluconoylation at the Met-cleaved 

(methionylaminopeptidase) alpha-amino group at the N-terminus of the recombinant protein (K. F.  

Geoghegan et al. 1999). Biologically derived gluconoylation is caused by a dead-end metabolite in B-
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strains - either gluconolactone or its phosphorylated derivative 6-phosphogluconolactone (Aon et al.  

2008). The resulting 6-phosphogluconolactone would usually be metabolised by action of 6

phosphogluconolactonase (PGL) in wildtype E. coi, however this enzyme is lacking in E. coi B

strains due to random mutagenic strain engineering that was performed in order to render the B-isolate 

5 non-pathogenic (PGL was an off-target deletion and is not involved in pathogenicity) (Aon et al. 2008; 

Noll et al. 2013). Hence 6-phosphogluconolactone accumulates and is attacked by the alpha-amino 

group of exposed N-termini resulting in gluconoylated N-terminal residues. E. co/i native 

phosphatases may hydrolyse the phosphate group before or after attack of the lactone to the N

terminus, typically yielding 3 distinct species resolvable by MS: the unmodified recombinant protein, 

10 the +178 Da gluconoylated - and the +258 Da phospho-gluconoylated species (K. F. Geoghegan et al.  

1999).  

The present invention aims to synthesize azido-substituted lactone derivatives through a more atom

economical, chemically safer and greener route. Further, the present invention aims to use these 

15 derivatives to site-selectively modify the N-termini of peptides and proteins. The present invention 

aims to analyse and purify these site-selectively modified protein derivatives. In another aspect, the 

invention aims to enable storage of the protein derivatives.  

Figures 

20 Figure 1: Deconvoluted spectra of native and 6-azido-6-deoxy-D-glucono-1,5-lactone (6-AGDL) 

acylated (bottom) GSS-H-AfflEGFR protein. QTOF mass spectra of native (top) and 6-AGDL 

acylated (bottom) GSS-H-AffiEGFR in the m/z range of 14,300-15,100. SM(H+) indicates singly 

protonated starting material, SM-Ac (H+)- singly protonated, acetylated starting material, P1 (H+)

singly protonated reaction product containing one azido group, P2 (H+)- singly protonated reaction 

25 product containing two azido groups. The theoretical average m values are 14429 for SM, 14471 for 

SM-Ac, 14632 for the P1, 14635 for the P2, all [M].  

Figure 2: Two-step mono-functionalization of a model protein with 6-AGDL and metal-free click 

chemistry. (A) Schematic representation of the two-step mono-functionalization of GSS-H6

30 AffiEGFR. (B) MALDI-TOF MS spectra showing subsequent acylation of GSS-H-AffiEGFR with 6

AGDL and BCN-amine. Top panel shows GSS-H-AffiEGFR prior 6-AGDL acylation, the middle 

panel shows mono-functionalised GSS-H-AffiEGFR after incubation with 6-AGDL, and the bottom 

panel shows the species after subsequent metal-free click chemistry-mediated conjugation of 6

AGDL:GSS-H-AffiEGFR with BCN-amine. Spectra were acquired in positive linear mode. SM(+2): 

35 GSS-H-AffiEGFR starting material, doubly charged, protonated; SM-Ac(+2)-GSS-H-AffiEGFR 

acetylated starting material, doubly charged, protonated; P1(+2): GSS-H-AffiEGFR product acylated 

with one 6-AGDL tag, doubly charged, protonated; P1(+2, 2xNa+): GSS-H-AffiEGFR product
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acylated with one 6-AGDL tag, doubly charged, sodiated; P1-BCN (+2): P1 conjugated with BCN

amine, doubly charged, protonated; P1-BCN (+2, 2xNa+): P1 conjugated with BCN-amine, doubly 

charged, sodiated.  

5 Figure 3: Reversibility of GDL:G-H6 -Beltide-1 in the presence of various CuSO4 and EDTA 

concentrations at pH 7.5. GDL acylated G-H6 -Beltide-1 was produced as before, extra GDL was 

removed by C18 reverse phase purification and the acylated peptide (20 pIM) was stored in 50 mM 

HEPES (NaOH) buffer supplemented with various concentrations of CuSO4 and EDTA at 37 °C.  

Change in acylation status was monitored by MALDI-TOF MS TIC and is reported as the relative m/z 

10 ratio of the acylated (mi) and non-acylated species (m2) mi/z/(mi/zm2/z)]*100%).  

Figure 4: mP-AGE affords a high-resolution, low-tech solution for small molecular weight increases.  

GSS-H-AfflEGFR (50 pM) was incubated with 100 mM GDL or 100 mM 6-AGDL for 1h at RT in 

200 mM HEPES pH 7.5 followed by repeated spin-filtering into ultrapure water. Conjugation was 

15 followed by mixing to 1x SDS-PAGE loading buffer (pH 6.8), heating to 750 C for 3 minutes and 

analysis on mP-AGE (0.1% w/v MBPA) with Coomassie staining. Mw band shifts are indicated by 

arrows for (1) the GDL- (theoretical Mw 14607 Da), and (2) the 6-AGDL-acylated (theoretical Mw 

14632 Da) species. The acylated GSS-H-AffiEGFR protein has a theoretical Mw of 14429 Da. The 

drastic increase in retention time of the acylated protein in relation to the non-acylated protein is 

20 caused by the azido-gluconoylation and acrylamide cross-linked boronic acid derivative MBPA 

interaction.  

Figure 5: Visualization of 6-AGDL modification with mP-AGE. GSS-H-MBP, and G-H-flagellin 

(both 50 pM) were incubated with 100 mM 6-AGDL for 1h at RT in 200 mM HEPES (NaOH) pH 7.5.  

25 The reactions were desalted by repeated spin-filtering into ultrapure water. The samples were prepared 

to 1x SDS-PAGE loading buffer (pH 6.8), heated to 750 C for 3 minutes and analysed on (A) a standard 

14% SDS-polyacrylamide gel, or (B) 14% polyacrylamide mP-AGE (the same gel preparation 

supplemented with 0.09% w/v MBPA). The gels were stained with Coomassie. The apparent Mw band 

shifts are indicated by arrows. The drastic increase in retention time of the acylated in relation to the 

30 non-acylaled protein is caused by the azido-gluconoylation and acrylamide-cross-linked boronic acid 

derivative MBPA interaction.  

Figure 6: 6-AGDL modified material was resolved from unmodified and acetylated material by online 

column chromatography. The analytes were continuously detected at 280 nm. Whereas the native 

35 protein sample eluted in a single peak (top row, G-H-ANlSpyCatcher), the 6-AGDL treated sample 

mixture was resolved as two peaks (bottom row) - one peak with the retention time of the unmodified 

material and a new, later eluting peak (acylated as 6-AGDLG-H6-AN1SpyCatcher). Peak fractions
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were collected manually for each peak, acidified, desalted (ZipTip C18) and subjected to MALDI-TOF 

MS intact mass analysis in linear positive mode as before. The material collected from the earlier 

eluting peak was indistinguishable from the untreated starting material by mass, displaying unmodified 

sample and some evidence of acetylated (possibly N-terminally blocked G-H6 -ANSpyCatcher 

5 protein), whereas the later eluting peak only showed the expected mass for a singly 6-AGDL modified 

species of G-H6-ANSpyCatcher. No unmodified starting material was identified in the mass spectrum 

of the later eluting peak.  

Figure 7: 2D 'H- 3 C Heteronuclear Single Quantum Coherence (HSQC) NMR spectrum of 6-azido-6

10 deoxy-glucono-1,5-lactone for the C2-C6 region. Correlation signals in DMSO-d6 are boxed, whereas 

signals in MeOD-d4 are circled. Likely 6-azido-6-deoxy-glucono-1,4-lactone signals in DMSO-d6 are 

enclosed with triangles. 'H signals are plotted on the horizontal axis, whereas 3 C signals are plotted on 

the vertical axis. Dashed lines represent ID 'H and ID 3 C NMR signals in MeOD reported by 

Chaveriat et al. 2006.  

15 

Figure 8: 2D 'H- 3 C Heteronuclear Single Quantum Coherence (HSQC) NMR spectrum of 6-azido-6

deoxy-glucono-1,5-lactone for the C2-C6 region in D 20. 'H signals are plotted on the horizontal axis, 

whereas 3C signals are plotted on the vertical axis.  

20 Figure 9: SDS-PAGE indicates that VLPs could be successfully conjugated to the receptor binding 

domain (RBD) of SARS-CoV-2. VLP = Qbeta VLP activated with NHS-PEG8-BCN. RBD C- = RBD.  

RBD N3 = RBD activated with 6-AGDL.  

Figure 10: Anti-RBD ELISA results. A) Serum samples were tested for the presence of antibodies that 

25 react to RBD after the first administration. B) Serum samples were tested for the presence of 

antibodies that react to RBD after the mice received a booster shot. RBD = RBD. RBD:GBT = RBD 

activated with 6-AGDL. RBD:GBT:Qbeta = RBD conjugated to Qbeta VLP using 6-AGDL and NHS

PEG8-BCN.  

30 Figure 11: Live virus neutralization assay using SARS-CoV-2 as a challenge. Serum samples were 

tested for their ability to neutralize viral infection and/or replication. Group 3 = Qbeta VLP. Group 5 = 

RBD produced in HEK293 cells. Group 6 = RBD produced in HEK293 cells conjugated to 6-AGDL.  

Group 9 = RBD produced in Pichia pastoris conjugated to Qbeta VLP using 6-AGDL and NHS

PEG8-BCN. Group 10 = RBD produced in HEK293 cells conjugated to Qbeta VLP using 6-AGDL 

35 and NHS-PEG8-BCN.  

Summary of the invention
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The present invention was conceived by the idea that derivatives of six-membered lactones could be 

used to site-specifically modify proteins with chemical handles. As far as the inventors of the present 

application are aware, such an approach has never been attempted in the prior art.  

5 The inventors of the present application had to overcome several hurdles to reliably modify proteins 

with an azido-derivative of gluconolactone. One of these challenges was finding a suitable route for 

synthesizing pure compositions of 6-azido-6-deoxy-D-glucono-1,5-lactone.  

Previous reported attempts to synthesize 6-azido-6-deoxy-D-glucono-1,5-lactone relied on bromine 

10 oxidation (Hanessian 1966; 1969; Kefurt et al. 1979; Chaveriat et al. 2006).  

In explorative experiments it was observed that the azido-compound(s) obtained by aqueous bromine 

oxidation of 6-azido-6-deoxy-glucose according to Hanessian 1969 resulted in very little protein 

substrate being acylated in the hand of the present inventors, whereas reaction with commercial non

15 azido glucono-1,5-lactone yielded near complete conversion under the same conditions.  

It is known that the aqueous bromine oxidation product of glucose, glucono-1,5-lactone, can be in a 

complex equilibrium with other species. Due to hydrolysis and isomerization of the 1,5-lactone, the 

reaction mixture assumes a complex equilibrium between open-chain gluconic acid, the glucono-1,5

20 lactone and glucono-1,4-lactone (Pocker and Green 1973). This equilibrium can be further 

complicated by the presence of cations, which can give rise to various corresponding acid salts. It may 

be assumed that the equilibrium of the oxidation product(s) of 6-azido-6-deoxy-glucose may be 

equally complex.  

25 In exploratory experiments, the small but detectable amount of peptide acylation observed upon 

contacting the model protein with the bromine oxidation product(s) of 6-azido-6-deoxy-glucose may 

be explained by the synthesis of (i) minor amounts of the reactive 1,5-lactone, whereas the major 

product(s) - .e.g. the 1,4-lactone and/or the free acid may have reactivity with the peptide substrate.  

Alternatively (ii), bromine oxidation of the azido-sugar yields no 1,5-lactone and the product(s), such 

30 as the 1,4-lactone or the free acid, react - albeit poorly - with the peptide substrate either directly 

and/or via isomerization in situ to very small amounts of 1,5-lactone. In any case, aqueous bromine 

oxidation in our hands did not allow practically relevant production of suitable acylating reagent.  

The free acid or its anion would not be expected to be reactive towards primary amines. It is known 

35 that 1,4-lactones can exhibit a markedly different reactivity compared to their 1,5-isomers. For 

example, it is known that the undecorated, non-azido glucono-1,4-lactone is a much weaker 

electrophile towards hydroxylamine compared to the 1,5-lactone (Miclet 2001). The 1,4-lactone also
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does not spontaneously hydrolyse in aqueous solutions at lower temperatures (5 °C), whereas the 1,5

form does, again demonstrating different chemical properties (Milet 2001). It is known that six

membered 1,5-lactones can be selectively and completely reduced with a SmI 2-H 2 0 reducing system 

in a molecule that contains both a five- and six-membered lactone ring systems, whereas the five

5 membered 1,4-lactone system is left intact (Duffy, Matsubara, and Procter 2008). Again, this 

demonstrates that 1,4- and 1,5-lactones can exhibit different chemical reactivities.  

After failing to obtain suitable acylating reagent with bromine oxidation, we re-evaluated the literature 

evidence for the structure of the major oxidation product of 6-azido-6-deoxy-glucose, claimed to be 6

10 azido-6-deoxy-glucono-1,5-lactone.  

Hanessian 1969 reportedly relied on the infrared (IR) spectrum of the carbonyl to assign the six

membered ring of the product of bromine oxidation of the azido-glucopyranose as produced by acidic 

cleavage from the azidated methylpyranoside. However, relying solely on IR to assign the ring-size 

15 may be misleading. In particular, it is known that 1,4-lactones do not always strictly adhere to the IR 

spectroscopy guidelines developed by Barker and colleagues, i.e. 22 out of 24 aldono-1,4-lactones 

showed a band at 5.59 to 5.67 pm (1790 to 1765 cm-1), whereas all 11 tested aldono-1,5-lactones 

showed a band at 5.68 to 5.79 pm (1760 to 1726 cm-) (Tipson 1968). Given that Hanessian 1969 

obtained a value of 1732 cm-1 for the six-membered model compound D-glucono-1,5-lactone, 1749 

20 cm-1 for the five-membered model compound D-galactono-1,4-lactone, and 1725 cm-1 for the reaction 

product of 6-azido-6-deoxy-D-glucose oxidation, perhaps unsurprisingly Hanessian 1969 assigned the 

oxidation product as the 6-azido-6-deoxy-glucono-1,5-lactone. Confusingly however, Barker's trends 

would have suggested that the D-galactono-1,4-lactone compound should have been classified as an 

1,5-lactone (Barker et al. 1958). As such, D-galactono-1,4-lactone is an example for a lactone for 

25 which the IR spectrum does not adhere Barker's rule.  

Hanessian 1969 also reports bromine oxidation of 6-azido-6-deoxy-D-galactose, which according to 

infrared spectroscopy was analogously assigned as the 6-azido-6-deoxy-D-galactono-1,5-lactone with 

1735 cm-1. However, isolation of D-galactono-1,5-lactone by aqueous bromine oxidation of D

30 galactose has not been achieved and is deemed impossible (Bierenstiel 2004). Presumably the 1,5

lactone quickly equilibrates towards the galactono-1,4-lactone and/or hydrolyses to the corresponding 

acid (Hudson and Isbell 1929; Bierenstiel and Schlaf 2004). Hence, one may question if Hanessian 

1969 really obtained 6-azido-6-deoxy-D-galactono-1,5-lactone, and likewise 6-azido-6-deoxy-D

glucono-1,5-lactone. More confusingly, Hanessian reports the synthesis of 6-azido-6-deoxy-D

35 galactono-1,4-lactone in an earlier communication, however neither the synthetic route nor the 

compound characteristics other than the m.p. of 138-140 0C were disclosed (Hanessian 1966).  

Hanessian's 1969 communication states with a note that the product of the 1969 is identical to the
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product previously described in 1966, suggesting that bromine oxidation was used in 1966. However, 

neither the reported ring sizes nor the melting points of the previous communication match (1,4

lactone with 138-140 0C in 1966 vs. 1,5-lactone with 129-1300 C in 1969).  

5 The complexity is further compounded by a report from another group: Bromine oxidation of 6-azido

6-deoxy-D-glucose, akin to Hanessian's 1969 route, resulted in a compound with comparable m.p. of 

Hanessian's 1969 compound but with an even lower carbonyl wave-number value of 1716 cm-1, 

prompting Kefurt to assign the 6-azido-6-deoxy-glucono-1,5-lactone (Kefurt et al. 1979). Kefurt and 

co-workers also isolated an additional lower melting compound (114-1180C) with identical IR 

10 spectrum, which they also assign as 6-azido-6-deoxy-D-glucono-1,5-lactone. Kefurt et al. speculate 

that the two differently melting compounds are crystalline modifications of the same 1,5-lactone.  

In 2006, Chaveriat et al. performed bromine oxidation of the azido-glucose and report ID NMR data 

for the first time obtaining a yellow oil instead of previously crystalline substance (Chaveriat et al.  

15 2006).  

ID 'H and 3 C NMR spectra were obtained in MeOD. The carbonyl shift of C1 and C6 in the absence 

of 2D NMR has been used by many chemists to assign the ring-size for basic and even substituted 

hexonolactones. The C1 shifts typically follow the numerical trend hexonic acid > 1,4-lactone > 1,5

20 lactone, with 1,5-lactones typically exhibiting a shift of ~172-174.6 ppm, the 1,4-lactones displaying a 

shift of -175.5-177.9, and the free acid showing with shift value of >178 ppm in DMSO-d6 (typically 

lower values) and D 2 0 (typically higher values) (Walaszek and Horton 1982; Walaszek, Horton, and 

Ekiel 1982; Bierenstiel and Schlaf 2004). These relative C1 shifts can be also observed for C6

substituted lactones and acids, such as 6-phospho-substituted glucono-1,5- and 1,4-lactones and the 

25 gluconic acid / gluconate (Miclet et al. 2001; Moreno et al. 2017; Sadet et al. 2018). Chaveriats C1 

value (173.2, MeOD) is thus closer to a 1,5-structure. C6 values of 1,5-lactones are also found upfield 

when compared to the corresponding 1,4-lactones or hexonic acids shifts (Walaszek and Horton 1982; 

Walaszek, Horton, and Ekiel 1982). Hence Chaveriats C6 value (53.4, MeOD) is also closer to a 1,5

structure, but strikingly lower than other previously recorded non-substituted hexonolactones. As we 

30 show later in this communication, azidation of C6 induces upfield shift of C6 values, which may make 

ring-size assignment of azidated hexono-lactones based on ID 3C NMR alone more difficult, if not 

impossible without a 2D NMR reference.  

In summary, prior art did not explicatively indicate nor suggest that aqueous bromine oxidation would 

35 necessarily result in an unsuitable compound for the present invention, as 1) bromine oxidation of D

glucose results in the easily obtainable crystalline 1,5-lactone (Isbell and Frusch 1933), 2) IR 

spectroscopy of the azido-lactone was in good agreement with Barker 1958 for a 1,5-lactone, 3) ID
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3 C NMR spectroscopy was in agreement with literature for a 1,5-lactone, 4) and all compounds 

exhibited the expected reactivates for a lactone and were successfully used for the application explored 

in the respective communication. Noteworthy, all previous reports also passed scrutinizing academic 

peer-review.  

5 

Hence the present inventors had to first identify and then overcome a non-obvious hurdle in the prior 

art to enable the synthesis of 6-azido-6-deoxy-D-glucono-1,5-lactone for use in protein acylating 

reactions.  

10 Only when faced with the results of the failed exploratory acylation experiments after bromine 

oxidation, together with the expected complex aqueous equilibrium, the non-definitive nature of IR 

and ID 3C NMR analysis, we considered the possibility that the proposed 6-azido-6-deoxy-D

glucono-1,5-lactone may not necessarily be the correct or only structure for the bromine oxidation 

product and explored alternative synthesis routes.  

15 

Thus, the present invention provides a method for synthesizing a handle-substituted carbohydrate 

lactone comprising contacting a handle-substituted aldose with a catalyst under aprotic conditions in 

the presence of a hydrogen acceptor.  

20 Once pure 6-azido-6-deoxy-D-glucono-1,5-lactone was obtained, the compound was found to 

efficiently and site-specifically acylate proteins.  

Thus, the present invention also provides a composition comprising an N-terminally acylated protein, 

wherein the N-terminally acylated protein comprises formula (VII), formula (VIII) or formula (IX): 

R5 R 0 

R4 6 3 1 

25 R R R (VII), 

wherein: 

(i) R', R2, R, R5 and R 6 are each independently hydrogen, a hydroxyl, a methyl, or a handle, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, a handle, or a carboxyl, 

(iii) at least one of R, R2, R' and R4 is a handle, 

30 (iv) one or none of R', R2, R' and R4 is a methyl; and 

(v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue;
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R5 R 2 

R4 
R 3 R 0 

R R (VIII), 

wherein: 

(i) R1, R2, R' and R' are each independently hydrogen, a hydroxyl, a methyl, or a handle, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, a handle, a carboxyl, an ester or an amide, 

5 (iii) at least one of R1, R2, Rand R4 is a handle, 

(iv) one or none of R1, R2, Rand R4 is a methyl; and 

(v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue; 

R 2 

R 4 X 

R 3 R1 (IX), 

10 wherein: 

(i) R, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or a handle, 

(ii) R4 is a hydroxyl, 

(iii) at least one of R, R2 and R3 is a handle, 

(iv) one or none of R, R2 and R3 is a methyl; and 

15 (v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue.  

The present invention also provides a composition comprising an N-terminally conjugated protein, 

wherein the N-terminally conjugated protein is obtained or obtainable by reacting the N-terminally 

20 acylated protein of the present invention with a compound comprising a phosphine group (e.g., 

triphenylphosphine with electrophilic trap suitable for a Staudinger ligation), a phosphine derivative 

(e.g., bi- or tri-phenyl aryl ester, thioester, or acyl imidazole suitable for traceless Staudinger ligation), 

alkene group, alkyne group (suitable for CuAAC), strained alkyne group (suitable for SPAAC), OCT, 

MOFO, DIFO, DIFO2, DIFO3, DIMAC, DIBO, DIBAC (also known as ADIBO), BARAC, BCN, 

25 Sondheimer diyene, TMDIBO, S-DIBO, COMBO, PYRROC, TMTH, DIFBO, ALO, thioalkyne 

group, keto-DIBO, strained olefin, or oxanorbomadiene group (e.g., trifluoromethyl-substituted 

oxanorbomadiene).  

Further, the present invention provides a method for site-specifically modifying a protein comprising 

30 contacting a protein with a handle-substituted carbohydrate lactone.
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The present invention also provides the use of a diol-ester forming agent, and/or metal cation for 

modulating the hydrolysis rate of an acylated protein.  

The present invention also provides a method for identifying an acylated protein comprising running a 

5 sample suspected of containing an acylated protein on a diol-interacting, boron-containing acrylamide 

gel, wherein the acylated protein is the acylated protein of the present invention, wherein, optionally, 

the diol-interacting, boron-containing acrylamide gel is a methacrylamido phenylboronate acrylamide 

gel.  

10 Further, the present invention provides a method for purifying an acylated protein comprising: (1) 

binding a sample suspected of comprising the acylated protein onto a solid support comprising an 

immobilized diol-ester forming agent; and (2) eluting the protein.  

The present invention also provides a kit comprising a protein and a handle-substituted carbohydrate 

15 lactone.  

Detailed description of the invention 

Definitions 

The term "acylated protein" refers to any protein wherein an amino group of the protein has been 

20 chemically modified by a carbohydrate lactone. When the term "double acylated" is used in the 

present application, this refers to a protein that has been chemically modified at two sites with 

carbohydrate lactone. For example, the free amine group at the N-terminus as well as the free amine 

group of a lysine side-chain may have been acylated.  

25 The term "adduct" as used in the present application refers to a product that is a direct addition of two 

or more distinct molecules, resulting in a single reaction product containing almost all atoms of all 

components.  

The term "aprotic conditions" as used in the present application refers to any reaction conditions 

30 wherein the reaction is performed in one or more aprotic solvents. Aprotic solvents contain no 

hydrogen atoms connected directly to an electronegative atom and are not capable of hydrogen 

bonding. Exemplary aprotic solvents include cyclohexanone, dimethylsulfoxide, tetrahydrofuran, 

acetone, dimethylformamide and acetonitrile.  

35 The term "azido-substituted pyranose" as used in the present application refers to a compound 

comprising 5-10 carbon atoms, hydrogen and oxygen, wherein 5 of the carbon atoms form a 

tetrahydropyrane ring and at least one of the carbon atoms is bonded to an azide group.
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The term "azido-substituted six-membered 1,5-carbohydrate-lactone" as used in the present 

application refers to a saturated six-membered lactone ring comprising 5-10 carbon atoms, hydrogen 

and oxygen wherein one or more of the carbons at positions 2, 3, 4, 5, 6, or 7 are bonded to an azide 

5 group.  

The term "boronic acid" as used in the present application refers to a compound related to boric acid 

in which one of the three hydroxyl groups is replaced by an alkyl or aryl group. It is understood that 

other diol-ester forming reagents, such as 2-, and 4-formylphenylboronic acid, benzoboroxoles or 

10 benzoxaboroles, Wulff-type boronates, 4-(methylcarbamoyl)-phenylboronic acid, or (2, or 4

[(dimethylamino)methyl]phenyl)boronic acid may be employed as well. It is also understood that 

synthetically more accessible boronic esters and derivatives can be used as well. This is because under 

aqueous conditions these esters hydrolyze to the boronic acid and become free to complex with diols 

of interest (Eising et al. 2016).  

15 

The term "contacting" as used in the present application refers to any action wherein two or more 

compounds are brought into sufficient proximity to one another to allow a reaction to occur. This 

includes, for example, mixing two or more components in a solution and incubating the mixture under 

conditions which allow the reaction to progress.  

20 

As used herein, the term "effective amount" of an agent, e.g., a therapeutic agent such as an antibody, 

is that amount sufficient to effect beneficial or desired results, for example, clinical results, and, as 

such, an "effective amount" depends upon the context in which it is being applied. The term "effective 

amount" can be used interchangeably with "effective dose", "therapeutically effective amount", or 

25 "therapeutically effective dose".  

The term "handle" refers to a chemical moiety which provides a protein with a non-native chemical 

functionality. Exemplary handles include Isothiocyanates, Isocyanates, Acyl azides, NHS ester (NHS, 

and -sulfo), in situ NHS ester (e.g. -COOH functional group), Hydroxybenzotriazole (HOBt) ester, 

30 Sulfonyl chloride, -flouride, Sulfonyl ester (e.g. tosyl, mesyl, trifyl, tresyl esters etc.), Aldehydes, 

ketones, dicarbonyls (i.e. phenylglyoxal derive) , Aldehyde, Aldehyde, Aldehyde, Amine, Epoxides, 

Carbonates (e.g. succinimidyl carbonate), Cyclic imidocarbonate, NHS carbonate, N,N'

disuccinimidyl carbonate (DSC), Cyanate ester, Carbamates (e.g imidazole carbamate), Acyl 

imidazole, NHS carbamate, Aryl halides (e.g. fluorobenzene derivatives), Haloacetyl or alkyl halide, 

35 Imidoesters (imidates), Carboxylate, Acid anhydride, Fluorophenyl esters (pentafluorophenyl/PFP, 

tetrafluorophenyl/TFP, sulfo-tetrafluorophenyl /STP esters), Hydroxymethyl phosphines 

[Tris(hydroxymethyl)phosphine/THP or beta-[tris(hydroxymethyl)phospino]proprionic acid/THPP],
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Cyclic hemiacetal, Aziactones, Activated double bond, Methylpyridinium ether, 6-sulfo-cytosine 

derivative, activated halogens, such as haloacetyl derivatives (e.g. iodoacetyl), benzyl halides, and 

alkyl halides (N- and S- mustards) derivatives , Activated double bond, Vinyl sulfone, Maleimide, 

Aziridine, Aryl halide, Acryloyl derivatives (acrylic and methacrylic acid derivatives), Disulfides (e.g.  

5 protected thiol, such as, pyridyl disulfide derive , 5-thiol-2-nitrobenzoic acid, TNB-thiol - obtainable by 

treating a sulfhyrdyl with Ellman's reagent), Thiols (free), Thioesters, such as phenylthioester (on C

terminal peptides for native chemical ligation), Cysteine attached via C-terminus (to enable NCL), 

Cisplatin derivatives, 2-cyanobenzothiazole, Epoxides, Diazoalkanes and diazoacetyl compounds, 

Epoxide, Isocyanate, Aryl azides (i.e. phenyl azide, perfluorinated phenyl azide), Benzophenone, 

10 Anthraquinones, Diazo compounds (i.e. diazotrifluoropropionate, diazopyruvate), Diazirene 

derivatives, Psoralen compounds, Halogenated phenyl azide, Alkenes, Dienes, Furan, Nitrones (Ning 

et al. 2010), Tetrazines (Li et al. 2010; Stockmann et al. 2011), nitrile oxides, diazoalkanes, syndones, 

quadricyclanes, Boronic acid (e.g. phenyl boronic acid, and phenyldiboronic acid), BCN, BCN, 1,3

Dithiolium-4-olates (Kumar et al. 2019), phosphines, e.g. triphenyl phosphine with electrophilic trap 

15 (Staudinger ligation), phosphine derivatives (bi- or tri-phenyl aryl ester, or acyl imidazole for traceless 

Staudinger ligation), alkene, alkyne (CuAAC), strained alkynes (SPAAC), OCT, MOFO, DIFO, 

DIFO2, DIFO3, DIMAC, DIBO, DIBAC (ADIBO), BARAC, BCN, Sondheimer diyene, TMDIBO, S

DIBO, COMBO, PYRROC, TMTH, DIFBO, ALO, isonitriles, thioalkyne (Destito et al. 2017), keto

DIBO, olefins, strained olefins, trifluoromethyl-substituted oxanorbornadienes (van Berkel et al.  

20 2007), Biotin and it's derivatives, boronic acid, p-boronophenylalanine, strained dialkyne, Sondheimer 

dialkyne.  

The term "hydrogen acceptor" as used in the present application refers to any molecule that can accept 

hydrogen in an oxidation-reduction reaction. Compounds comprising a ketone, carbonyl, alkene, 

25 alkyne and/or imine group are generally considered to be suitable hydrogen acceptors. Examples of 

hydrogen acceptors include acetone, butanone (methyl ethyl ketone), but-3-en-2-one, 3-methylbutan

2-one, 2-pentanone, 3-pentanone, 1-penten-3-one, 3,3-dimethyl-2-butanone, 2-methylpentan-3-one, 3

methyl-2-pentanone, 4-methylpentan-2-one (methyl isobutyl ketone), 3-penten-2-one, 3-hexanone 

(acetylacetone), 2-hexanone, 5-hexen-2-one, 4-methyl-3-penten-2-one, dibenzylideneacetone, 

30 cyclopentanone, 3-methyl-3-penten-2-one, 5-methylhexan-3-one, 4-methyl-2-hexanone, 2-heptanone 

(methyl n-amyl ketone), 4-heptanone, cyclohexanone, 4-octanone, diisobutyl ketone, diacetone alcohol 

(4-hydroxy-4-methylpentan-2-one), 3-octanone, 5-methylhexan-3-one, 2-octanone, oct-i-en-3-one, 5

methyl-2-octanone, cycloheptanone, ethyl acetoacetate (ethyl 3-oxobutanoate), 2-nonanone, 3

nonanone, 4-nonanone, 5-nonanone, 1-methylpyrrolidin-2-one, acetophenone, isophorone (3,5,5

35 trimethylcyclohex-2-en-1-one), benzylideneacetone, 2-decanone, 5-decanone, 3-phenyl-5-hexen-2

one, pentane-2,4-dione (acetylacetone), butanedione (butane-2,3-dione), benzil (1,2-diphenylethane

1,2-dione), diphenylacetylene, 1-hexyne, cyclohexene, pentanal, 1-methylcyclohexene, 1-octene, 2,4-
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dimethyl-3-pentanone, 4-octyne, styrene, diphenylacetylene, benzaldehyde, trans-stilbene, 

benzophenone, 1,3-diphenyl-2-propanone, anthracene, and 2-pentene. Other suitable hydrogen 

acceptors are known in the art (Conley et al. 2010). The hydrogen acceptors disclosed in Conley et al.  

2010 are incorporated herein by reference and are encompassed by the term "hydrogen acceptor".  

5 

The terms "individual", "patient" or "subject" are used interchangeably in the present application to 

designate a human being and are not meant to be limiting in any way. The "individual", "patient" or 

"subject" can be of any age, sex and physical condition. The term "animal", as used in the present 

application, refers to any multicellular eukaryotic heterotroph which is not a human. In a preferred 

10 embodiment, the animal is selected from a group consisting of cats, dogs, pigs, ferrets, rabbits, gerbils, 

hamsters, guinea pigs, horses, rats, mice, cows, sheep, goats, alpacas, camels, donkeys, llamas, yaks, 

giraffes, elephants, meerkats, lemurs, lions, tigers, kangaroos, koalas, bats, monkeys, chimpanzees, 

gorillas, bears, dugongs, manatees, seals and rhinoceroses.  

15 As used herein, the term "linker" refers to a carbon chain that can contain heteroatoms (e.g., nitrogen, 

oxygen, sulfur, etc.) and which may be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19, 20, 

21,22,23, 24,25,26,27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,40,41,42, 43,44,45,46,47, 

48, 49, 50 atoms long. Linkers may be substituted with various substituents including, but not limited 

to, hydrogen atoms, alkyl, alkenyl, alkynl, amino, alkylamino, dialkylamino, trialkylamino, hydroxyl, 

20 alkoxy, halogen, aryl, heterocyclic, aromatic heterocyclic, cyano, amide, carbamoyl, carboxylic acid, 

ester, thioether, alkylthioether, thiol, and ureido groups. Those of skill in the art will recognize that 

each of these groups may in turn be substituted. Examples of linkers include, but are not limited to, 

pH-sensitive linkers, protease cleavable peptide linkers, nuclease sensitive nucleic acid linkers, lipase 

sensitive lipid linkers, glycosidase sensitive carbohydrate linkers, hypoxia sensitive linkers, photo

25 cleavable linkers, heat-labile linkers, enzyme cleavable linkers (e.g., esterase cleavable linker), 

ultrasound-sensitive linkers, and x-ray cleavable linkers. Linkers may include any of those taught in, 

for example, WO 2014/10628.  

The term "N-terminal amino acid residue" refers to an amino acid residue that comprises a free amine 

30 group attached to its alpha carbon and is found at the end of the protein.  

As used herein, "pharmaceutically acceptable carrier" or "pharmaceutically acceptable diluent" 

means any and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic 

and absorption delaying agents, compatible with pharmaceutical administration. The use of such media 

35 and agents for pharmaceutically active substances is well known in the art. Acceptable carriers, 

excipients, or stabilizers are nontoxic to recipients at the dosages and concentrations employed and, 

without limiting the scope of the present invention, include: additional buffering agents; preservatives;
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co-solvents; antioxidants, including ascorbic acid and methionine; chelating agents such as EDTA; 

metal complexes (e.g., Zn-protein complexes); biodegradable polymers, such as polyesters; salt

forming counterions, such as sodium, polyhydric sugar alcohols; amino acids, such as alanine, glycine, 

glutamine, asparagine, histidine, arginine, lysine, ornithine, leucine, 2-phenylalanine, glutamic acid, 

5 and threonine; organic sugars or sugar alcohols, such as lactitol, stachyose, mannose, sorbose, xylose, 

ribose, ribitol, myoinisitose, myoinisitol, galactose, galactitol, glycerol, cyclitols (e.g., inositol), 

polyethylene glycol; sulfur containing reducing agents, such as urea, glutathione, thioctic acid, sodium 

thioglycolate, thioglycerol, [alpha]-monothioglycerol, and sodium thio sulfate; low molecular weight 

proteins, such as human serum albumin, bovine serum albumin, gelatin, or other immunoglobulins; 

10 and hydrophilic polymers, such as polyvinylpyrrolidone. Other pharmaceutically acceptable carriers, 

excipients, or stabilizers, such as those described in Remington: The Science and Practice of 

Pharmacy 22" edition, Pharmaceutical press (2012), ISBN-13: 9780857110626 may also be included.  

The term "protein" is used interchangeably with the term "peptide" in the present application. Both 

15 terms, as used in the present application, refer to molecules comprising one or more chains of amino 

acid residues. Examples include Catalytic proteins, such as Enzymes, Enzymes regulators, Protein 

Kinases / -Phosphatases, Proteases; Biomarkers, such as Blood Group Markers, Lysosomal Markers, 

Nuclear Markers, Cluster of differentiation molecules; Proteins suspected of causing disease, such as 

APP/B-Amyloid, Tau, Apolipoproteins; Transport proteins, such as Apolipoproteins, Ribosomal 

20 proteins; Affinity molecules, such as Antibodies (Abs), Fc-modified Abs, appended Abs, CH3 fusion 

proteins, Nanobodies, Affibodies, single-chain variable fragment (scFv), tandem-affinity fragment 

variable (taFv), miniantibodies, fragments of Abs (FABs), Fab 2, ImmTacs, Fab fusions, designed 

ankyrin repeat proteins (DARPins), Nanofitins, Affitins, Affilins, alpahReps, i-bodies, Repebodies, 

Anticalins, Atrimers, Avimers, Bicylic peptides, Centyrin, Cys-knots, Knottins, Monobodies, 

25 Adnectins, Fynomers, Kunitz domains, OBodies, bispecific Abs and Abs fragments, trispecifics Abs, 

Abs-fusions, beta-hairpin mimetics, diabody, small immunoprotein (SIPS), Armadillo repeat protein 

based scaffolds, Adhesion Molecules, Siglec Molecules; Signalling molecules such as Fc Receptors, 

Soluble Receptors; Antigens, such as extracellular antigens, intracellular antigens, extracellular 

membrane proteins, parasitic antigens, bacterial antigens, viral antigens, MHC Antigens, MHC 

30 tetramer, MHC monomer, self-antigens, self-neo-antigens, allergens, carrier proteins for conjugate 

vaccines, fusion proteins with multiple inserted epitopes, fusion proteins with immunomodulatory 

sequences, fusion proteins with cell-penetrating peptide sequence(s), fusion proteins of antigens and 

multimerization domains; Immunomodulatory proteins, such as Cytokines, GM-CSF, Chemokine 

Receptors, Immune Checkpoint Receptors, Innate Immune Signaling, T-cell receptors, Toll-like 

35 Receptors, Toll-like Ligands; Growth modulating proteins, such as Growth Factors, Neurotrophic 

Factors, Postsynaptic Proteins, Steroid Receptors/Nuclear, peptide hormones, Protein hormones; 

Movement associated molecules, such as Chemokines, Flagella; Viruses, such as Bacteriophages,
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Viruses, Virus-like particles; Nanoparticles, such as peptide-based nanoparticles, protein-based 

nanoparticles, outer-membrane vesicles, vesicles; Affinity tag peptide or protein, such as Gly-His-Tag; 

Covalent bond-forming proteins, such as Catcher/Tag split proteins, SpyCatcher and its variants, Gly

terminated SpyTag, Gly-terminated SpyCatcher, Split-intein and other (split)-proteins, such as G

5 protein coupled receptors, Voltage-gated ion channels, Plasma proteins, Transcription factors, 

Coagulation factors, Fusion proteins, Phosphoproteins, Lipoproteins, polymerases, ligases, hydrolases, 

nucleases, oxidoreductases, transferases, lyases, isomerases, translocases, reductases, clustered 

regularly interspaced short palindromic repeats (CRISPR) associated proteins, and Glycoproteins.  

Other examples include Lepirudin, Cetuximab, Dornase alfa, Denileukin diftitox, Etanercept, 

10 Bivalirudin, Leuprolide, Peginterferon alfa-2a, Alteplase, Interferon alfa-n1, Darbepoetin alfa, 

Reteplase, Epoetin alfa, Salmon Calcitonin, Interferon alfa-n3, Pegfilgrastim, Sargramostim, Secretin, 

Peginterferon alfa-2b, Asparaginase, Thyrotropin Alfa, Antihemophilic Factor, Anakinra, Gramicidin 

D, Intravenous Immunoglobulin, Anistreplase, Insulin Regular, Tenecteplase, Menotropins, Interferon 

gamma-lb, Interferon Alfa-2a, Recombinant, Coagulation factor VIIa, Oprelvekin, Palifermin, 

15 Glucagon recombinant, Aldesleukin, Botulinum Toxin Type B, Omalizumab, Lutropin alfa, Insulin 

Lispro, Insulin Glargine, Collagenase, Rasburicase, Adalimumab, Imiglucerase, Abciximab, Alpha-

proteinase inhibitor, Pegaspargase, Interferon beta-la, Pegademase bovine, Human Serum Albumin, 

Eptifibatide, Serum albumin iodonated, Infliximab, Follitropin beta, Vasopressin, Interferon beta-lb, 

Interferon alfacon-1, Hyaluronidase, Insulin, porcine, Trastuzumab, Rituximab, Basiliximab, 

20 Muromonab, Digoxin Immune Fab (Ovine), Ibritumomab, Daptomycin, Tositumomab, Pegvisomant, 

Botulinum Toxin Type A, Pancrelipase, Streptokinase, Alemtuzumab, Alglucerase, Capromab, 

Laronidase, Urofollitropin, Efalizumab, Serum albumin, Choriogonadotropin alfa, Antithymocyte 

globulin, Filgrastim, Coagulation factor ix, Becaplermin, Agalsidase beta, Interferon alfa-2b, 

Oxytocin, Enfuvirtide, Palivizumab, Daclizumab, Bevacizumab, Arcitumomab, Eculizumab, 

25 Panitumumab, Ranibizumab, Idursulfase, Alglucosidase alfa, Exenatide, Mecasermin, Pramlintide, 

Galsulfase, Abatacept, Cosyntropin, Corticotropin, Insulin aspart, Insulin detemir, Insulin glulisine, 

Pegaptanib, Nesiritide, Thymalfasin, Defibrotide, Natural alpha interferon OR multiferon, Glatiramer 

acetate, Preotact, Teicoplanin, Canakinumab, Ipilimumab, Sulodexide, Tocilizumab, Teriparatide, 

Pertuzumab, Rilonacept, Denosumab, Liraglutide, Golimumab, Belatacept, Buserelin, Velaglucerase 

30 alfa, Tesamorelin, Brentuximab vedotin, Taliglucerase alfa, Belimumab, Aflibercept, Asparaginase 

erwinia chrysanthemi, Ocriplasmin, Glucarpidase, Teduglutide, Raxibacumab, Certolizumab pegol, 

Insulin,isophane, Epoetin zeta, Obinutuzumab, Fibrinolysin aka plasmin, Follitropin alpha, 

Romiplostim, Lucinactant, Natalizumab, Aliskiren, Secukinumab, Somatotropin Recombinant, 

Drotrecogin alfa, Alefacept, OspA lipoprotein, Urokinase, Abarelix, Sermorelin, Aprotinin, 

35 Gemtuzumab ozogamicin, Satumomab Pendetide, Albiglutide, Alirocumab, Ancestim, Antithrombin 

Alfa, Antithrombin III human, Asfotase Alfa, Atezolizumab, Autologous cultured chondrocytes, 

Beractant, Blinatumomab, C1 Esterase Inhibitor (Human), Coagulation Factor XIII A-Subunit
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(Recombinant), Conestat alfa, Daratumumab, Desirudin, Dulaglutide, Elosulfase alfa, Elotuzumab, 

Evolocumab, Fibrinogen Concentrate (Human), Filgrastim-sndz, Gastric intrinsic factor, Hepatitis B 

immune globulin, Human calcitonin, Human clostridium tetani toxoid immune globulin, Human rabies 

virus immune globulin, Human Rho(D) immune globulin, Hyaluronidase (Human Recombinant), 

5 Idarucizumab, Immune Globulin Human, Vedolizumab, Ustekinumab, Turoctocog alfa, Tuberculin 

Purified Protein Derivative, Simoctocog Alfa, Siltuximab, Sebelipase alfa, Sacrosidase, Ramucirumab, 

Prothrombin complex concentrate, Poractant alfa, Pembrolizumab, Peginterferon beta-la, 

Ofatumumab, Obiltoxaximab, Nivolumab, Necitumumab, Metreleptin, Methoxy polyethylene glycol

epoetin beta, Mepolizumab, Ixekizumab, Insulin Pork, Insulin Degludec, Insulin Beef, Thyroglobulin, 

10 Anthrax immune globulin human, Anti-inhibitor coagulant complex, Anti-thymocyte Globulin 

(Equine), Anti-thymocyte Globulin (Rabbit), Brodalumab, C1 Esterase Inhibitor (Recombinant) , 

Canakinumab , Chorionic Gonadotropin (Human) , Chorionic Gonadotropin (Recombinant), 

Coagulation factor X human, Dinutuximab, Efinoroctocog alfa, Factor IX Complex (Human), 

Hepatitis A Vaccine, Human Varicella-Zoster Immune Globulin, Ibritumomab tiuxetan, Lenograstim, 

15 Pegloticase, Protamine sulfate, Protein S human, Sipuleucel-T fusion antigen prostatic acid 

phosphatase with granulocyte-macrophage colony stimulating factor, Somatropin recombinant, 

Susoctocog alfa, Thrombomodulin Alfa, Cas9, and Cpfl (Cas12a).  

The term "catalyst" as used in the present application refers to a substance that starts or speeds up a 

20 chemical reaction while undergoing no permanent change itself Examples include Shvo's catalyst, 

RuHCl(CO)(PPh 3) 3, RuCl 2(PPh3 ) 3, RhH(PPh3)4, [(neocuproine)PdOAc] 2 Tf2, [(C4 Ph4CO)(CO) 2Ru] 2, 

RuH2(PPh3)4, Ru3(CO)12, RuH2(PPh3)4, RuH2 (PMe3) 4 , RuH2(PBu3)4, RuH2(DMPE) 2, (PMe3) 2Ru(2

methylallyl)2, (DMPE)Ru(2-methylallyl) 2, (DIOP)Ru(2-methylallyl) 2, Shvo amide analogue as 

described in (Zhao and Hartwig 2005), trans-RuHCl(tmen)(BINAP), (DPPF)RuCl 2(eda), 

25 (PPh3)2RuCl2(eda), (DIOP)RuCl 2(eda), (PMe3)2RuCl 2(eda), RuH2(CO)(PMe3)3, cis

(PMe3)2RuCl2(eda), [RuCl 2( 6 - benzene)] 2, RuH4(Ph3P) 3, Cp*RuC[Ph 2P(CH2)2NH2-i2-P,N], (1,3

bis(6'-methyl-2'-pyridylimino)isoindoline) pincer Ru(II) hydride complex as described in (Tseng, 

Kampf, and Szymczak 2013), Ir-containing dibenzobarrelene-based PC(sp3)P pincer complex as 

described in (Musa et al. 2011), a sol-gel entrapped iridium-pincer catalyst as described in (Oded et al.  

30 2012), FeOx as described in (Huang et al., 2008), IrH5(iPr3P) 2, ReH7(iPr3P) 2, RhH(PPh3)4

benzalacetone, Supported gold nanoparticles as described in (Mitsudome et al., 2009), 

Cp*IrCl[OCH 2C(C6 H5)2NH2], RuCl2(2-aminomethylpyridine)(dppb) as well as it's methylated 

analogue trans-RuCl 2(dppb)(2-(N,N-dimethylamino)methylpyridine), RuCl 2(2

aminomethylpyridine)(dppf) as well as it's methylated analogue trans-RuCl 2(dppf)(2-(N,N

35 dimethylamino)methylpyridine), RuCl 2(PPh3)2(2-aminomethylpyridine), RuCl 2(N,N' 

dimethylethylenediamine)(dppf), RuCl2(PPh3)(dppb), Cyclopentadienonetriazolylideneruthenium(0) 

complexes as described in page 49 of (Cesari 2016), Hydroxycyclopentadienyl and
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methoxycyclopentadienyl N-heterocyclic carbene ruthenium(II) complexes as described in page 66 of 

(Cesari 2016), Ruthenium tetraarylcyclopentadienone NHC-decorate dendrimers as described in page 

101 of (Cesari 2016), Ruthenium 2,5-bis-tetrimethylsilane-3,4 NHC-decorate dendrimers as described 

in page 105 of (Cesari 2016), Imidazolium salts of ruthenium anionic cyclopentadienone complexes as 

5 described in page 117 of (Cesari 2016), [Ru(OCORF) 2(CO)(PPh3)2] where RF = CF3, C2F5, or C6F5, 

[RuH2 (N2)(PPh 3) 3 ], [RuHCl(CO)(HN(C 2H 4PPr2)2)], Diruthenium(II,II) complex [Ru,(L1)(OAc) 3]Cl, 

spanned by a naphthyridine-diimine ligand and bridged by three acetates as described in (Dutta et al.  

2016), Ruthenium boryl complexes such as [2,5-Ph2-3,4-Tol 2 5 -C 4COBcat)Ru(CO) 2Bcat] and [2,5

Ph2-3,4-Tol2( 5-C 4COH)Ru(CO) 2Bcat, Hydroxycyclopentadienylruthenium hydride dimer (Shvo's 

10 type) complexes as described in page 158 of (Cesari 2016), Shvo-type Organoruthenium complexes as 

described in (Apps et al. 2014), N-heterocyclic carbene based ruthenium complexes as described in 

(Zhang et al. 2010), Iron cyclopentadienone N-heterocyclic carbene complexes as described in page 

133 of (Cesari 2016), [Os(OCORF) 2(CO)(PPh 3)2 ] where RF = CF3, C2F5, or C6F5, IrH5 (i-Pr3P) 2, 

[Rh(2,2'-bipyridyl) 2]Cl, IrH(Cl)[2,6-(tBu 2PO) 2C6 H3], {IrH(acetone)[2,6-(tBu 2PO) 2C6 H3]}{BF4}, 

15 IrH(Cl)[{2,5-(tBu2PCH2)2CH2 }Ru(C 5H 5)], iridium triazine-pincer complex as described in (Michlik 

and Kempe 2013), and Cyclopentadienyl Ir(III) complexes bearing non-innocent pyridine ligands as 

described in (Fujita, Tanino, and Yamaguchi 2007), and [Ph4(4-C 4CO)]Fe(CO) 3.  

The term "Shvo's catalyst" as used in the present application refers to 1

20 Hydroxytetraphenylcyclopentadienyl-(tetraphenyl-2,4-cyclopentadien-1-one)-g

hydrotetracarbonyldiruthenium(II) which has the following structure: 

Ph O0 Ph 

HPh Ph/ 

Ph Ru----H-- Ru Ph 

Ph Ph 
C 
OC Co 

0 0 

In the present application the expression "site-specifically modified" refers to any method which 

25 preferentially modifies the protein at one particular point.  

The term "transition metal" as used in the present application refers to an element whose atom has a 

partially filled d sub-shell, or which can give rise to cations with an incomplete d sub-shell.  

30 The term "d-block element" as used in the present application refers to an element which can be found 

in group 3 to 12 of the modem periodic table, inclusive.
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The terms "treatment" and "therapy", as used in the present application, refer to a set of hygienic, 

pharmacological, surgical and/or physical means used with the intent to cure and/or alleviate a disease 

and/or symptom with the goal of remediating the health problem. The terms "treatment" and "therapy" 

include preventive and curative methods, since both are directed to the maintenance and/or 

5 reestablishment of the health of an individual or animal. Regardless of the origin of the symptoms, 

disease and disability, the administration of a suitable medicament to alleviate and/or cure a health 

problem should be interpreted as a form of treatment or therapy within the context of this application.  

Chemical synthesis 

10 In a first aspect, the present invention provides a method for synthesizing a handle-substituted 

carbohydrate lactone comprising contacting a handle-substituted aldose with a catalyst under aprotic 

conditions in the presence of a hydrogen acceptor.  

In some embodiments, the handle-substituted carbohydrate lactone has a five-, six- or seven

15 membered ring. In some embodiments, the carbohydrate lactone is a 1,5-lactone. In some 

embodiments, the aldose is a furanose, pyranose or septanose. In some embodiments, the carbohydrate 

lactone has a five-, six- or seven-membered ring and C6, C4 and/or C3 is substituted with a handle.  

The handle-substituted aldose may be a handle-substituted derivative of D-ribose, D-arabinose, D

20 xylose, D-lyxose, L-ribose, L-arabinose, L-xylose, or L-lyxose, D-allose, D-altrose, D-glucose, D

mannose, D-gulose, D-idose, D-galactose, D-talose, L-allose, L-altrose, L-glucose, L-mannose, L

gulose, L-idose, L-galactose, or L-Talose. Heptose- and Hexose-deriavtives may also be C6

substituted according to the invention. Heptose-derivatives may also be C7- handle-substituted 

according to the invention.  

25 

In some embodiments, the handle-substituted aldose is a ribose substituted at positions C2, C3, C4 or 

C5 with an azide (Hobbs and Eckstein 1977; Hanessian et al. 2005; Hassan and Slama 1992; Singh et 

al. 2008), an arabinose substituted at positions C2, C4 or C5 with an azide (Bols et al. 1988; Mller et 

al. 2010; Singh et al. 2008), a xylose substituted at position C2, C3, C4 or C5 (Bols et al. 1988; 

30 McDevitt and Lansbury 1996; Sinha and Brew 1980), an allose substituted at positions C3, C5, or C6 

with an azide (Worch and Wittmann 2008; Hudlicky, Nugent, and Griffith 1994; Roy and Sanjayan 

2012), an altose substituted at positions C2, C3, C5 or C6 with an azide (Guthrie and Murphy 1963; 

Uriel and Santoyo-Gonzlez 1999; Kefurt et al. 1986), a glucose substituted at positions C2, C3, C4, 

C5 or C6 with an azide (Zaro et al. 2017; Nagy et al. 2017; Sinha and Brew 1980; Hudlicky, Nugent, 

35 and Griffith 1994; Gyorgydenk and Sziligyi 1987), a mannose substituted at positions C2, C3, C4 or 

C5 with an azide (Aug6, David, and Malleron 1989; Fitz, Schwark, and Wong 1995; Khedri et al.  

2014; Dharuman, Wang, and Crich 2016; Ligeour et al. 2015), a gulose substituted at positions C3 or
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C5 with an azide (Campo et al. 2012; Hudlicky, Nugent, and Griffith 1994), an idose substituted at 

positions C5 or C6 with an azide (Berger et al. 1992; Hamagami et al. 2016), a galactose substituted at 

positions C2, C3, C4, C5 or C6 with an azide (Ahad, Jensen, and Jewett 2013; Lowary and Hindsgaul 

1994; Zou et al. 2012; Uriel and Santoyo-Gonzilez 1999; Zou et al. 2012) or a talose substituted at 

5 positions C5 or C6 with an azide (Ayers et al. 2012; Kefurt, Kefurtovi, and Jar 1988).  

In some embodiments, the handle-substituted aldose is 2-azido-2-deoxy-D-glucose (CAS 56883-39-7, 

Cat. AG753, Synthose), 2-azido-2-deoxy-D-glucose (CAS 56883-39-7, Cat. MA02624, Carbosynth), 

2-azido-2-deoxy-D-galactose (CAS 68733-26-6, Cat. MA03562, Carbosynth), 2-azido-2-deoxy-D

10 galactose (CAS 68733-26-6, Cat. AL229, Synthose), 3-azido-3-deoxy-D-glucopyranose (CAS 

104875-44-7, Cat. AG915, Synthose), 3-azido-3-deoxy-D-galactose (CAS 2250404-17-0, Cat. AL491, 

Synthose), 4-azido-4-deoxy-D-glucopyranose (CAS 74593-35-4, Cat. AG397, Synthose), 4-azido-4

deoxy-D-glucose (CAS 74593-35-4, Cat. MA106335, Carbosynth), 4-azido-4-deoxy-D-galactose 

(CAS 94885-19-5, Cat. AL788, Synthose), 6-azido-6-deoxy-D-glucopyranose (CAS 2089473-19-6, 

15 Cat. AG413, Synthose), 6-azido-6-deoxy-D-glucose (CAS 20847-05-6, Cat. MA02620, Carbosynth), 

6-azido-6-deoxy-D-mannose (CAS 316379-15-4, Cat. MA167258, Carbosynth), 6-azido-6-deoxy-D

galactose (CAS, 66927-03-5, Cat. MA02618, Carbosynth), 6-azido-6-deoxy-D-galactose (CAS 66927

03-5, Cat. AF432, Synthose), 6-azido-6-deoxy-L-galactose (alternative name: 6-azido-L-fucose, CAS 

70932-63-7, Cat. AF415, Synthose) or 6-azido-6-deoxy-L-galactose (CAS 70932-63-7, Cat.  

20 MA08355, Carbosynth).  

In some embodiments, the handle-substituted aldose is a handle-substituted ribose, arabinose, xylose, 

allose, glucose, mannose or galactose.  

25 In some embodiments, the aldose and carbohydrate lactone is substituted with any one of the following 

handles: Azide, Isothiocyanate, Isocyanate, Acyl azide, NHS ester, in situ NHS ester, 

Hydroxybenzotriazole (HOBt) ester, Sulfonyl chloride, -flouride, Sulfonyl ester (e.g. tosyl, mesyl, 

trifyl, tresyl esters etc.), Aldehyde, ketone, dicarbonyl, Aldehyde, Amine, Epoxide, Carbonate (e.g.  

succinimidyl carbonate), Cyclic imidocarbonate, NHS carbonate, N,N'-disuccinimidyl carbonate 

30 (DSC), Cyanate ester, Carbamate (e.g imidazole carbamate), Acyl imidazole, NHS carbamate, Aryl 

halide (e.g. fluorobenzene derivatives), Haloacetyl or alkyl halide, Imidoester (imidates), Carboxylate, 

Acid anhydride, Fluorophenyl ester (pentafluorophenyl/PFP, tetrafluorophenyl/TFP, sulfo

tetrafluorophenyl /STP esters), Tris(hydroxymethyl)phosphine/THP, beta

[tris(hydroxymethyl)phospino]proprionic acid/THPP, Cyclic hemiacetal, Azlactone, Activated double 

35 bond, Methylpyridinium ether, 6-sulfo-cytosine derivative, activated halogen, haloacetyl derivative 

(e.g. iodoacetyl), benzyl halide, and alkyl halide (N- and S- mustards) derivative , Activated double 

bond, Vinyl sulfone, Maleimide, Aziridine, Aryl halide, Acryloyl derivative (e.g., acrylic and
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methacrylic acid derivatives), Disulfide (e.g. protected thiol, such as, pyridyl disulfide derive , 5-thiol

2-nitrobenzoic acid, TNB-thiol - obtainable by treating a sulfhyrdyl with Ellman's reagent), Thiol 

(free), Thioester (e.g., phenylthioester), Cysteine attached via C-terminus, Cisplatin derivative, 2

cyanobenzothiazole, Diazoalkane compound, diazoacetyl compound, Epoxide, Aryl azide (e.g. phenyl 

5 azide, perfluorinated phenyl azide), Benzophenone, Anthraquinone, Diazo compound (e.g.  

diazotrifluoropropionate, diazopyruvate), Diazirene derivative, Psoralen compound, Halogenated 

phenyl azide, Alkene, Diene, Furan, Nitrone, Tetrazine, nitrile oxide, diazoalkane, syndone, 

quadricyclane, Boronic acid (e.g. phenyl boronic acid, and phenyldiboronic acid), BCN, BCN, 1,3

Dithiolium-4-olate, phosphine (e.g. triphenyl phosphine with electrophilic trap (Staudinger ligation)), 

10 phosphine derivative (e.g., bi- or tri-phenyl aryl ester, or acyl imidazole for traceless Staudinger 

ligation)), alkene, alkyne, strained alkyne, OCT, MOFO, DIFO, DIF02, DIFO3, DIMAC, DIBO, 

DIBAC (ADIBO), BARAC, BCN, Sondheimer diyene, TMDIBO, S-DIBO, COMBO, PYRROC, 

TMTH, DIFBO, ALO, isonitrile, thioalkyne, keto-DIBO, strained olefin, trifluoromethyl-substituted 

oxanorbomadiene, Biotin, biotin derivative, boronic acid, p-boronophenylalanine, strained dialkyne or 

15 Sondheimer dialkyne. In a preferred embodiment, the aldose and carbohydrate lactone is substituted 

with any one of the following handles: azide, Cyclic hemiacetal, Aziridine, Cysteine attached via C

terminus, Aminooxy groups (also known as alkoxyamines), Hydrazine (Hydrazide), Diazo compound 

(i.e. diazotrifluoropropionate, diazopyruvate), diazoalkane, isonitrile (aka isocyanide, carbylamine), 

boronic acid, p-boronophenylalanine, Amine, Aldehyde, ketone, dicarbonyl (i.e. phenylglyoxal derive) , 

20 Aldehyde, Vinyl sulfone, Maleimide, Acryloyl derivative (e.g. acrylic and methacrylic acid 

derivative), Disulfide (e.g. protected thiol, such as, pyridyl disulfide derive , 5-thiol-2-nitrobenzoic acid, 

TNB-thiol), Thioester (e.g. phenylthioester (on C-terminal peptides for native chemical ligation)), 2

cyanobenzothiazole, Alkene, Diene, Furan, Nitrone, Tetrazine, Tetrazine, nitrile oxides, syndone, 

quadricyclane, BCN, BCN, 1,3-Dithiolium-4-olate, phosphine (e.g. triphenyl phosphine with 

25 electrophilic trap), phosphine derivative (bi- or tri-phenyl aryl ester, acyl imidazole for traceless 

Staudinger ligation), alkene, alkyne, strained alkyne, OCT, MOFO, DIFO, DIF02, DIFO3, DIMAC, 

DIBO, DIBAC (ADIBO), BARAC, BCN, Sondheimer diyene, TMDIBO, S-DIBO, COMBO, 

PYRROC, TMTH, DIFBO, ALO, thioalkyne, keto-DIBO, strained olefin, trifluoromethyl-substituted 

oxanorbomadiene, Biotin or biotin derivative. In a more preferred embodiment, the aldose and 

30 carbohydrate lactone is substituted with any one of the following handles: azide, Aldehyde, ketone, 

dicarbonyl (e.g. phenylglyoxal derive) , Vinyl sulfone, Maleimide, Acryloyl derivative (e.g. acrylic and 

methacrylic acid derivative), Disulfide (e.g. protected thiol, such as, pyridyl disulfide deriv., 5-thiol-2

nitrobenzoic acid, TNB-thiol), thioester (e.g. phenylthioester), 2-cyanobenzothiazole, Alkene, Diene, 

Furan, Nitrone, Tetrazine, nitrile oxide, syndone, quadricyclane, BCN,BCN, 1,3-Dithiolium-4-olate, 

35 phosphine (e.g. triphenyl phosphine with electrophilic trap), phosphine derivative (bi- or tri-phenyl 

aryl ester, acyl imidazole), alkene, alkyne, strained alkynes, OCT, MOFO, DIFO, DIF02, DIFO3, 

DIMAC, DIBO, DIBAC, BARAC, BCN, Sondheimer diyene, TMDIBO, S-DIBO, COMBO,
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PYRROC, TMTH, DIFBO, ALO, thioalkyne, keto-DIBO, strained olefin, trifluoromethyl-substituted 

oxanorbomadiene, Biotin or biotin derivative. Preferably, the handle is an azide.  

In some embodiments the handle comprises a linker through which it is attached to the carbohydrate 

5 lactone.  

In some embodiments, the handle-substituted aldose is 6-azido-6-deoxy-D-glucose, 4-azido-4-deoxy

D-glucose or 3-azido-3-deoxy-D-glucose.  

10 The catalyst may be a transition metal-based catalyst. Preferably a ruthenium- or palladium-based 

catalyst.  

In some embodiments, the catalyst is Shvo's catalyst, RuHC(CO)(PPh 3)3, RuC 2(PPh3) 3 , RhH(PPh3)4, 

[(neocuproine)PdOAc] 2OTf2, [(C4Ph4CO)(CO) 2 Ru] 2 , RuH2(PPh3) 4, Ru 3 (CO) 12 , RuH2(PPh3) 4, 

15 RuH2(PMe 3)4 , RuH2 (PBu3) 4, RuH2(DMPE) 2, (PMe3)2Ru(2-methylallyl) 2, (DMPE)Ru(2-methylallyl) 2, 

(DIOP)Ru(2-methylallyl) 2, Shvo amide analogue as described in (Zhao and Hartwig 2005), trans

RuHCl(tmen)(BINAP), (DPPF)RuCl 2(eda), (PPh3)2RuCl 2(eda), (DIOP)RuCl 2(eda), 

(PMe3)2RuCl2(eda), RuH2(CO)(PMe 3 )3 , cis-(PMe 3) 2RuCl2(eda), [RuCl 2( 6 - benzene)] 2, RuH4(Ph3P) 3, 

Cp*RuCl[Ph2P(CH2)2NH 2-K2-P,N], (1,3-bis(6'-methyl-2'-pyridylimino)isoindoline) pincer Ru(II) 

20 hydride complex as described in (Tseng, Kampf, and Szymczak 2013), Ir-containing 

dibenzobarrelene-based PC(sp3)P pincer complex as described in (Musa et al. 2011), a sol-gel 

entrapped iridium-pincer catalyst as described in (Oded et al. 2012), FeOx as described in (Huang et 

al., 2008), IrH(iPr3P) 2, ReH7(iPr3P)2, RhH(PPh 3)4-benzalacetone, Supported gold nanoparticles as 

described in (Mitsudome et al., 2009), Cp*IrCl[OCH2C(C6 H5 )2NH2], RuCl 2(2

25 aminomethylpyridine)(dppb) as well as it's methylated analogue trans-RuCl 2(dppb)(2-(N,N

dimethylamino)methylpyridine), RuCl2(2-aminomethylpyridine)(dppf) as well as it's methylated 

analogue trans-RuCl 2(dppf)(2-(N,N-dimethylamino)methylpyridine), RuCl 2(PPh3)2(2

aminomethylpyridine), RuCl2(N,N' -dimethylethylenediamine)(dppf), RuCl 2(PPh 3)(dppb), 

Cyclopentadienone triazolylidene ruthenium(0) complexes as described in page 49 of (Cesari 2016), 

30 Hydroxycyclopentadienyl and methoxycyclopentadienyl N-heterocyclic carbene ruthenium(II) 

complexes as described in page 66 of (Cesari 2016), Ruthenium tetraarylcyclopentadienone NHC

decorate dendrimers as described in page 101 of (Cesari 2016), Ruthenium 2,5-bis-tetrimethylsilane

3,4 NHC-decorate dendrimers as described in page 105 of (Cesari 2016), Imidazolium salts of 

ruthenium anionic cyclopentadienone complexes as described in page 117 of (Cesari 2016), 

35 [Ru(OCORF) 2(CO)(PPh 3)2] where RF = CF3, C2F5, or C6F5, [RuH2(N 2)(PPh3)3], 

[RuHCl(CO)(HN(C 2H4PPr2)2)], Diruthenium(II,II) complex [Ru,(L1)(OAc) 3]Cl, spanned by a 

naphthyridine-diimine ligand and bridged by three acetates as described in (Dutta et al. 2016),
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Ruthenium boryl complexes such as [2,5-Ph 2-3,4-Tol 2 5 -C 4COBcat)Ru(CO) 2Bcat] and [2,5-Ph2-3,4

Tol2 (1
5-C 4COH)Ru(CO) 2Bcat, Hydroxycyclopentadienylruthenium hydride dimer (Shvo's type) 

complexes as described in page 158 of (Cesari 2016), Shvo-type Organoruthenium complexes as 

described in (Apps et al. 2014), N-heterocyclic carbene based ruthenium complexes as described in 

5 (Zhang et al. 2010), Iron cyclopentadienone N-heterocyclic carbene complexes as described in page 

133 of (Cesari 2016), [Os(OCORF) 2(CO)(PPh 3)2 ] where RF = CF3, C2F5, or C6F5, IrH5 (i-Pr3P) 2, 

[Rh(2,2'-bipyridyl) 2]Cl, IrH(Cl)[2,6-(tBu 2PO) 2CH3], {IrH(acetone)[2,6-(tBu 2PO) 2C6 H3]}{BF4}, 

IrH(Cl)[{2,5-(tBu2PCH2)2CH2 }Ru(C 5H 5)], iridium triazine-pincer complex as described in (Michlik 

and Kempe 2013), and Cyclopentadienyl Ir(III) complexes bearing non-innocent pyridine ligands as 

10 described in (Fujita, Tanino, and Yamaguchi 2007), or [Ph4( 4-C 4 CO)]Fe(CO) 3 . Preferably, the 

catalyst is Shvo's catalyst, RuHCl(CO)(PPh 3)3, RuCl 2 (PPh3)3 , RhH(PPh3)4, 

[(neocuproine)PdOAc] 2OTf2, [(C4Ph4CO)(CO) 2 Ru] 2 , RuH2(PPh3) 4, Ru 3 (CO) 12 , RuH2(PPh3) 4, 

RuH2(PMe 3)4 , RuH2 (PBu3) 4, RuH2(DMPE) 2, (PMe3)2Ru(2-methylallyl) 2,(DMPE)Ru(2-methylallyl) 2, 

(DIOP)Ru(2-methylallyl) 2, Shvo amide analogue as described in (Zhao and Hartwig 2005), trans

15 RuHCl(tmen)(BINAP), (DPPF)RuCl 2(eda), (PPh3)2RuCl 2(eda), (DIOP)RuCl 2(eda), 

(PMe3)2RuCl2(eda), RuH2(CO)(PMe 3 )3 , cis-(PMe 3) 2RuCl2(eda), [RuCl 2(1 6 - benzene)] 2, RuH4(Ph3P) 3, 

Cp*RuCl[Ph2P(CH2)2NH 2-K2-P,N], (1,3-bis(6'-methyl-2'-pyridylimino)isoindoline) pincer Ru(II) 

hydride complex as described in (Tseng, Kampf, and Szymczak 2013), Ir-containing 

dibenzobarrelene-based PC(sp3)P pincer complex as described in (Musa et al. 2011), and a sol-gel 

20 entrapped iridium-pincer catalyst as described in (Oded et al. 2012), FeOx as described in (Huang et 

al., 2008), IrH(iPr3P) 2, ReH7(iPr 3P) 2, RhH(PPh 3)4-benzalacetone and Supported gold nanoparticles as 

described in (Mitsudome et al., 2009) or Cp*IrC[OCH 2C(C6 H5 )2NH2]. More preferably, the catalyst is 

Shvo's catalyst, RuHC(CO)(PPh 3)3, RuC 2(PPh3)3, RhH(PPh 3)4, or [(neocuproine)PdOAc] 2OTf2.  

25 In some embodiments, the present invention provides a method for synthesizing an handle-substituted 

six-membered 1,5-carbohydrate-lactone comprising contacting an handle-substituted pyranose with a 

catalyst under aprotic conditions in the presence of a hydrogen acceptor.  

In some embodiments, the present invention provides a method for synthesizing an azido-substituted 

30 six-membered 1,5-carbohydrate-lactone comprising contacting an azido-substituted pyranose with a 

catalyst under aprotic conditions in the presence of a hydrogen acceptor.  

In some embodiments, the present invention provides a method for synthesizing an azido-substituted 

six-membered 1,5-carbohydrate-lactone comprising contacting an azido-substituted pyranose with a 

35 ruthenium- or palladium-based catalyst under aprotic conditions in the presence of a hydrogen 

acceptor.
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The ruthenium- or palladium-based catalyst may be any ruthenium- or palladium-based catalyst known 

in the art such as hydridochlorocarbonyltris(triphenyl-phosphine)ruthenium(II), 

dihydridotetrakis(triphenylphosphine)ruthenium(II),[(neocuproine)PdOAc] 2 OTf2 andShvo'scatalyst.  

In some embodiments, the catalyst is immobilized onto a solid phase surface (see He and Horvith, 

5 2017). In some embodiments, the catalyst is Shvo's catalyst.  

In some embodiments, the hydrogen acceptor is a compound comprising a ketone, carbonyl, alkene, 

alkyne and/or imine group. In some embodiments, the hydrogen acceptor is also an aprotic solvent. In 

some embodiments, the hydrogen acceptor is cyclohexanone, cycloheptanone, benzalacetone, acetone, 

10 3-pentanone, acetophenone, 4-nitro-acetophenone, 4-fluoro-acetophenone, 4-methoxy-acetophenone, 

butanone (methyl ethyl ketone), but-3-en-2-one, 3-methylbutan-2-one, 2-pentanone, 1-penten-3-one, 

3,3-dimethyl-2-butanone, 2-methylpentan-3-one, 3-methyl-2-pentanone, 4-methylpentan-2-one 

(methyl isobutyl ketone), 3-penten-2-one, 3-hexanone (acetylacetone), 2-hexanone, 5-hexen-2-one, 4

methyl-3-penten-2-one, dibenzylideneacetone, cyclopentanone, 3-methyl-3-penten-2-one, 5

15 methylhexan-3-one, 4-methyl-2-hexanone, 2-heptanone (methyl n-amyl ketone), 4-heptanone, 4

octanone, diisobutyl ketone, diacetone alcohol (4-hydroxy-4-methylpentan-2-one), 3-octanone, 5

methylhexan-3-one, 2-octanone, oct-i-en-3-one, 5-methyl-2-octanone, ethyl acetoacetate (ethyl 3

oxobutanoate), 2-nonanone, 3-nonanone, 4-nonanone, 5-nonanone, 1-methylpyrrolidin-2-one, 

isophorone (3,5,5-trimethylcyclohex-2-en-1-one), benzylideneacetone, 2-decanone, 5-decanone, 3

20 phenyl-5-hexen-2-one, pentane-2,4-dione (acetylacetone), butanedione (butane-2,3-dione), benzil (1,2

diphenylethane-1,2-dione), diphenylacetylene, 1-hexyne, cyclohexene, pentanal, 1

methylcyclohexene, 1-octene, 2,4-dimethyl-3-pentanone, 4-octyne, styrene, diphenylacetylene, 

benzaldehyde, trans-stilbene, benzophenone, 1,3-diphenyl-2-propanone, anthracene, or 2-pentene. In 

some embodiments, the hydrogen acceptor is cyclohexanone.  

25 

Without being bound by any particular theory, it was hypothesized by the inventors that the most 

probable reason for the lack of protein reactivity with the substance(s) obtained by bromine oxidation 

may be the rapid interconversion of 6-azido-6-deoxy-D-glucono-1,5-lactone, if formed in the first 

place, to the 1,4-lactone and/or the free acid as the major species in aqueous conditions (Isbell and 

30 Frush 1933; Bierenstiel and Schlaf 2004). Thus, the oxidation reaction should be performed under 

aprotic conditions, e.g. using aprotic solvents and hydrogen acceptors. In some embodiments, the 

aprotic conditions are achieved by using an aprotic solvent. In some embodiments, the aprotic solvent 

is cyclohexanone which may also function as the hydrogen acceptor. In some embodiments, a mixed 

solvent system comprising an aprotic solvent that cannot function as a hydrogen acceptor (i.e., a co

35 solvent) as well as a hydrogen acceptor may be used to achieve the aprotic conditions. The co-solvent 

may be 1,1,2-trichlorotrifluoroethane, cyclopentane, heptane, hexane, iso-octane, petroleum ether, 

cyclohexane, n-butyl chloride, toluene, methyl t-butyl ether, o-xylene, chlorobenzene, o-
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dichlorobenzene, ethyl ether (diethyl ether), dichloromethane, ethylene dichloride, n-butyl acetate, 

tetrahydrofuran, chloroform, ethyl acetate, methyl acetate, 1,4-dioxane, pyridine, acetonitrile, 

propylene carbonate, dimethylformamide, dimethylsulfoxide (DMSO), dimethyl acetamide, and 1

methylpyrrolidin-2-one. For example, the mixed solvent system may comprise hexane and 

5 cyclohexanone wherein the cyclohexanone is the hydrogen acceptor.  

In the examples of the present invention, cyclohexanone is reduced to small amounts of cyclohexanol 

(a protic substance) during synthesis. Thus, some protic impurities or protic reaction products are 

tolerable and therefore encompassed.  

10 

In some embodiments, the handle-substituted pyranose is according to formula (I), (II) or (III): 

O OH 

R R 
2 

R (I), 

wherein: 

(i) R, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or a handle, 

15 (ii) at least one of R, R2 and R3 is a handle, and 

(iii) one or none of R, R2 and R3 is a methyl; 

R 4 

O OH 

R 3 R 

R2 R (II), 

wherein: 

(i) R, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or a handle, 

20 (ii) R4 is hydrogen, a hydroxyl, a methyl, a handle, a carboxyl, an ester or an amide, 

(iii) at least one of R1, R2, Rand R4 is a handle, and 

(iv) one or none of R1, R2, R and R4 is a methyl; 

R 4 

R5 O OH 

R 3R1 
R2 

R (III), 

wherein: 

25 (i) R, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or a handle,
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(ii) R4 and R' are each independently hydrogen, a hydroxyl, a methyl, a handle, or a carboxyl, 

(iii) at least one of R', R2, R, R4 and R' is a handle, and 

(iv) one or none of R', R2, R, R4 and R' is a methyl.  

5 In some embodiments, the azido-substituted pyranose is according to formula (I), (II) or (III): 

O OH 

R R 
2 

R (I), 

wherein: 

(i) R', R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) at least one of R', R2 and R3 is an azide, and 

10 (iii) one or none of R1, R2 and R3 is a methyl; 

R 4 

O OH 

R 3 R 

R2 R (II), 

wherein: 

(i) R1, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, an azide, a carboxyl, an ester or an amide, 

15 (iii) at least one of R1, R2, R and R4 is an azide, and 

(iv) one or none of R1, R2, R and R4 is a methyl; 

R 4 

R5 O OH 

R 3R1 
R2 

R (III), 

wherein: 

(i) R1, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

20 (ii) R4 and R 5 are each independently hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

(iii) at least one of R1, R2, R, R4 and R 5 is an azide, and 

(iv) one or none of R1, R2, R, R4 and R 5 is a methyl.  

It is further understood that -deoxy, -amine, -amide, -sulfo, -phospho, -ester and -carboxy azido

25 derivatives of the above monosaccharides may be used in the present invention. Disaccharides may
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also be used. In such embodiments, disaccharides comprise any one of the azido-substituted pyranoses 

described herein.  

In some embodiments, the present invention provides a method for synthesizing an azido-substituted 

5 six-membered 1,5-carbohydrate-lactone according to formula (V): 

R 4 

O 0 

R R 

R2 (V), 

comprising contacting an azido-substituted pyranose with a catalyst under aprotic conditions in the 

presence of a hydrogen acceptor, wherein the azido-substituted pyranose is according to formula (VI): 

R 4 

O OH 

R R 

R2 (VI), 

10 and: 

(i) R, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

(iii) at least one of R1, R2, R3 and R4 is an azide, and 

(iv) one or none of R1, R2, Rand R4 is a methyl.  

15 

In some embodiments, the handle-substituted aldose is 6-azido-6-deoxy-D-glucose, 4-azido-4-deoxy

D-glucose or 3-azido-3-deoxy-D-glucose. It is clear to the skilled person that when the handle

substituted aldose is 6-azido-6-deoxy-D-glucose, the resultant handle-substituted carbohydrate lactone 

obtained by the method of the present invention is 6-azido-6-deoxy-D-glucono-1,5-lactone. Similarly, 

20 the resultant product obtained when the handle-substituted aldose is 4-azido-4-deoxy-D-glucose is 4

azido-4-deoxy-D-glucono-1,5-lactone, and when the handle-substituted aldose is 3-azido-3-deoxy-D

glucose the resultant product is 3-azido-3-deoxy-D-glucono-1,5-lactone. This reasoning may apply to 

any handle-substituted aldose and the resultant handle-substituted carbohydrate lactone obtained by 

the methods of the present invention.  

25 

In one example, the compound of interest, 6-azido-6-deoxy-D-glucono-1,5-lactone, is purified from 

the reaction mixture by precipitation with hexanes, followed by resolubilization in a mixture of 5:1 

ethyl acetate/acetone (v/v).
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It is also conceivable that precipitation of the target compound may be achieved by adding other 

solvents, which are more hydrophobic than the reaction solvent, causing precipitation of the target 

compound from the reaction mixture, whilst ideally leaving the catalyst species and possible other 

5 impurities in solution.  

Thus, in some embodiments the method further comprises precipitating the handle-substituted 

carbohydrate lactone with an aprotic solvent. The aprotic solvent may be Di-n-butyl phthalate, 1,1

dichloroethane, 3-pentanone, chloroform, methyl acetate, diglyme, dimethoxyethane (glyme), ethyl 

10 benzoate, ethyl acetate, tetrahydrofuran (THF), anisole, chlorobenzene, dioxane, diethylamine, methyl 

t-butyl ether (MTBE), ether, benzene, toluene, p-xylene, carbon disulphide, carbon tetrachloride, 

heptane, hexane, pentane, cyclohexane, cyclohexanone, 1,1,2-Trichlorotrifluoroethane, Cyclopentane, 

Petroleum Ether, 2,2,4-Trimethylpentane (isooctane), 1-Chlorobutane, o-Dichlorobenzene, Ethyl Ether 

(Diethyl ether), Dichloromethane, 1,2-Dichloroethane, n-Butyl Acetate, Methyl Isoamyl Ketone, 

15 Tetrahydrofuran, Methyl Isobutyl Ketone, Acetophenone, Methyl n-Propyl Ketone, Cyclohexanone, 

Tetrachloroethylene, 1,2,4-Trichlorobenzene, 2-Hexanone, 4-Octanone, diisobutyl ketone, 3

Octanone, 5-Methylhexan-3-one, 2-Octanone, Oct--en-3-one, 5-Methyl-2-octanone, Cycloheptanone, 

ethyl acetoacetate (ethyl 3-oxobutanoate), 2-nonanone, 3-Nonanone, 4-Nonanone, 5-Nonanone, 1

Methylpyrrolidin-2-one, Acetophenone, isophorone (3,5,5-trimethylcyclohex-2-en-1-one), 

20 Benzylideneacetone, 2-Decanone, or 5-Decanone, or 3-phenyl-5-hexen-2-one.  

Amine-containing solvents are generally less preferable, as the amine group may react with 

carbohydrate-derived lactones. However carefully choosing the solvent and contacting the reaction 

mixture with such solvents at a reduced temperature and only for a limited time may allow to 

25 selectively precipitate the target compound without causing too much loss. Examples of such solvents 

are: N,N-dimethylaniline, and diethylamine.  

After precipitation, the handle-substituted carbohydrate lactone may be re-solubilized. To achieve 

higher purity after the initial precipitation step, resolubilization may be achieved with a solvent that 

30 preferably selectively dissolves the target compound (i.e., the handle-substituted carbohydrate lactone) 

but not the catalyst nor other impurities. A combination of solvents may also be used to solubilize the 

target compound.  

The solid remainders, e.g. the catalyst and/or other impurities may be removed by centrifugation, 

35 decanting, filtering, and/or other solid-liquid separation methods or a combination thereof
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Aprotic solvents are preferred solvents for the solubilization of the target compound. Protic solvents 

are less preferable for the solubilization of the target compound, because they may open up the lactone 

ring to the linear chain (acid), or they may cause the target to re-arrange from e.g. the 1,5- to the 1,4

lactone.  

5 

In some embodiments, the method further comprises a resolubilization step wherein the precipitated 

handle-substituted carbohydrate lactone is redissolved in a composition comprising Cyclohexanone, 2

pentanone, 2-butanone, benzonitrile, acetone, dimethylformamide (DMF), dimethylsulfoxide 

(DMSO), acetonitrile, acetyl acetone, ethyl acetoacetate, diethylene glycol, ethylene glycol, Methyl 

10 Ethyl Ketone, 1,4-Dioxane, Pyridine, Propylene Carbonate, N,N-Dimethylformamide, Dimethyl 

Acetamide, N-Methylpyrrolidone, dimethylsulfoxide, Tetrachloroethylene, 1,2,4-Trichlorobenzene, 

Butanone (methyl ethyl ketone), But-3-en-2-one, 3-Methylbutan-2-one, 3-Pentanone, 1-Penten-3-one, 

3,3-Dimethyl-2-butanone, 2-Methylpentan-3-one, 3-Methyl-2-pentanone, 4-Methylpentan-2-one 

(methyl isobutyl ketone), 3-Penten-2-one, 3-Hexanone (acetylacetone), 2-Hexanone, 5-Hexen-2-one, 

15 4-Methyl-3-penten-2-one, Dibenzylideneacetone, Cyclopentanone, t-butyl alcohol, 3-pentanol, 2

pentanol, 2-butanol, cyclohexanol, 1-octanol, 2-propanol, 1-heptanol, i-butanol, 1-hexanol, 1-pentanol, 

1-butanol, benzyl alcohol, 1-propanol, acetic acid, ethanol, methanol, glycerine, heavy water, water, 

Pyridine, 2-aminoethanol, aniline, N,N-dimethylaniline, or diethylamine. Preferably, redissolved in a 

composition comprising Cyclohexanone, 2-pentanone, 2-butanone, benzonitrile, acetone, 

20 dimethylformamide (DMF), dimethylsulfoxide (DMSO), acetonitrile, acetyl acetone, ethyl 

acetoacetate, diethylene glycol, ethylene glycol, Methyl Ethyl Ketone, 1,4-Dioxane, Pyridine, 

Propylene Carbonate, N,N-Dimethylformamide, Dimethyl Acetamide, N-Methylpyrrolidone, 

dimethylsulfoxide, Tetrachloroethylene, 1,2,4-Trichlorobenzene, Butanone (methyl ethyl ketone), But

3-en-2-one, 3-Methylbutan-2-one, 3-Pentanone, 1-Penten-3-one, 3,3-Dimethyl-2-butanone, 2

25 Methylpentan-3-one, 3-Methyl-2-pentanone, 4-Methylpentan-2-one (methyl isobutyl ketone), 3

Penten-2-one, 3-Hexanone (acetylacetone), 2-Hexanone, 5-Hexen-2-one, 4-Methyl-3-penten-2-one, 

Dibenzylideneacetone, or Cyclopentanone. More preferably, redissolved in a composition comprising 

acetone, acetonitrile, ethyl acetate or mixtures thereof Most preferably, redissolved in a composition 

comprising ethyl acetate and acetone.  

30 

In some embodiments, the method further comprises precipitating the azido-substituted six-membered 

1,5-carbohydrate-lactone using hexane followed by re-solubilizing the precipitate in a mixture of ethyl 

acetate/acetone. In some embodiments, the mixture of ethyl acetate/acetone has a 5:1 ratio of ethyl 

acetate:acetone.  

35 

In some embodiments, the present invention provides a method for synthesizing 6-azido-6-deoxy-D

glucono-1,5-lactone comprising contacting 6-azido-6-deoxy-D-glucose with a catalyst under aprotic
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conditions in the presence of a hydrogen acceptor. In some embodiments, this method further 

comprises precipitating the azido-substituted 6-azido-6-deoxy-D-glucono-1,5-lactone using hexane 

followed by re-solubilizing the precipitate in a mixture of ethyl acetate/acetone. In some embodiments, 

the mixture of ethyl acetate/acetone has a 5:1 ratio of ethyl acetate:acetone.  

5 

In some embodiments, the present invention provides a method for synthesizing 6-azido-6-deoxy-D

glucono-1,5-lactone comprising contacting 6-azido-6-deoxy-D-glucose with a catalyst under aprotic 

conditions in the presence of a hydrogen acceptor. In some embodiments, this method further 

comprises precipitating the azido-substituted 6-azido-6-deoxy-D-glucono-1,5-lactone using hexane 

10 followed by re-solubilizing the precipitate in acetonitrile.  

In some embodiments, the present invention provides a method for synthesizing 6-azido-6-deoxy-D

glucono-1,5-lactone comprising contacting 6-azido-6-deoxy-D-glucose with Shvo's catalyst under 

aprotic conditions in the presence of a hydrogen acceptor. In some embodiments, this method further 

15 comprises precipitating the 6-azido-6-deoxy-D-glucono-1,5-lactone using hexane followed by re

solubilizing the precipitate in a mixture of ethyl acetate/acetone. In some embodiments, the mixture of 

ethyl acetate/acetone has a 5:1 ratio of ethyl acetate:acetone.  

Alternative purification strategies are also envisioned by the present application. It is also conceivable 

20 that the lactonization reaction may be carried out in conditions in which the catalyst is fully dissolved 

in an aprotic solvent(s), and the product is in equilibrium between solid and dissolved states 

(Bierenstiel 2005, 52). In this case simple solid-liquid separation methods such as decantation, 

filtration, centrifugation can be performed to separate the desired solid product. To achieve higher 

purity, optional washing of the solid compound of interest with the suitable solvents can be performed, 

25 which ideally removes impurities, whilst leaving the solid product of interest behind. Alternatively, to 

remove potential traces of catalyst, the resolubilization of compound is affected as before, followed by 

decantation, filtration, centrifugation, or any other solid-liquid separation method in order to leave the 

solid impurities behind.  

30 It is also conceivable that the reaction mixture is first evaporated, and the catalyst and other impurities 

are then removed by washing the residue with a solvent or a solvent mixture(s), which solubilizes the 

impurities but leaves the solid target compound insoluble. Decantation, filtration, centrifugation, or 

any other solid-liquid separation methods may be employed to collect the solid.  

35 It is further conceivable that that the reaction mixture is first evaporated, and the target compound is 

selectively solubilized with a solvent or a solvent mixture as before, whilst leaving impurities behind 

as a solid.
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It is also conceivable that catalyst is removed by binding it to a solid support after the reaction, such as 

a metal-binding solid support followed by magnetic field separation (for magnetic field-responsive 

solid support), filtration, decantation, centrifugation, or any other solid-liquid separation techniques.  

5 

It is also conceivable that when catalyst is already immobilized during the reaction with the substrate, 

that the catalyst is removed by e.g. magnetic field separation (for magnetic field-responsive solid 

support), filtration, decantation, centrifugation, or any other solid-liquid separation techniques.  

10 It is also conceivable that separation of desired compound and catalyst is achieved by chemically 

modifying catalyst after the reaction. This may be achieved by techniques such as ligand displacement 

reactions and/or by "deactivation"; in principle changing the hydrophilicity/hydrophobicity of the 

catalyst and thus making it easier to purify the compound of interest.  

15 The present invention also provides a composition comprising the handle-substituted carbohydrate 

lactone obtained or obtainable by any one of the methods of the present invention. In some 

embodiments, the purity of the handle-substituted carbohydrate lactone is at least 85 %, optionally, as 

determined by ID 'H-, ID 3 C-, and/or 2D 'H- 3 C HSQC NMR. In some embodiments, the purity of 

the handle-substituted carbohydrate lactone is at least 95 %, optionally, as determined by ID 'H-, ID 

20 "3C-, and/or 2D 'H- 3 C HSQC NMR. The solvent used to determine the purity for all embodiments 

may be DMSO-d6.  

It is also conceivable that crystallization, also optional recrystallization, may be performed to obtain 

even purer compound of interest. In this case, the compound is dissolved into a suitable solvent and 

25 concentrated by evaporation under normal or reduced pressure. Seeding with seed crystals may help 

grow purer crystals and mother liquors containing impurities are removed. It is conceivable to use 

other suitable general methods for crystallization and/or re-crystallization, which are known in the art, 

such as but not limited to, Single-solvent (re)-crystallization, Multi-solvent (re)-crystallization, cooling 

(re)-crystallization, evaporative (re)-crystallization, draft tube and baffle (re)-crystallization, hot 

30 filtration-(re)-crystallization, seeding, Slow diffusion (re)-crystallization, or Interface/slow mixing 

(re)-crystallization.  

In a further aspect, the present invention provides a crystalline form of the handle-substituted 

carbohydrate lactone obtained or obtainable by any one of the methods of the present invention. In 

35 some embodiments, the handle-substituted carbohydrate lactone is 6-azido-6-deoxy-D-glucono-1,5

lactone. In some embodiments, the handle-substituted carbohydrate lactone has a purity of at least 85
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%, optionally, as determined by ID 'H-, ID 3 C-, and/or 2D 'H- 3 C HSQCNMR. In some 

embodiments, the purity is at least 95%.  

In a further aspect, the present invention provides an azido-substituted six-membered 1,5

5 carbohydrate-lactone with a purity of at least 85 %, optionally, as determined by ID 'H-, ID 3 C-, 

and/or 2D 'H- 3 C HSQC NMR. In some embodiments, the purity is at least 95%.  

The present invention provides the following items: 

10 [1] A method for synthesizing a handle-substituted carbohydrate lactone comprising contacting a 

handle-substituted aldose with a catalyst under aprotic conditions in the presence of a hydrogen 

acceptor.  

[2] The method of item [1], wherein the handle-substituted carbohydrate lactone is an azido

15 substituted six-membered 1,5-carbohydrate-lactone, and the handle-substituted aldose is an azido

substituted pyranose.  

[3] The method of item [2], wherein the catalyst is Shvo's catalyst.  

20 [4] The method of any one of items [2]-[3], wherein the hydrogen acceptor is a compound 

comprising a ketone, carbonyl, alkene, alkyne and/or imine group.  

[5] The method of any one of items [2]-[4], wherein the hydrogen acceptor is cyclohexanone.  

25 [6] The method of any one of items [2]-[5], wherein the azido-substituted pyranose is according to 

formula (I): 

0 OH 

R R 
2 

R (I), 

wherein: 

(i) R', R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

30 (ii) at least one of R, R2 and R3 is an azide, and 

(iii) one or none of R, R2 and R3 is a methyl.  

[7] The method of any one of items [2]-[5], wherein the azido-substituted pyranose is according to 

formula (II):
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R 4 

0 OH 

R 3 R 

R2 R (II), 

wherein: 

(i) R', R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

5 (iii) at least one of R', R2, R3 and R4 is an azide, and 

(iv) one or none of R', R2, Rand R4 is a methyl.  

[8] The method of any one of items [2]-[5], wherein the azido-substituted pyranose is according to 

formula (III): 

R 4 

R5 0 OH 

R 3R1 

10 R (111), 

wherein: 

(i) R, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) Rand R 5 are each independently hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

(iii) at least one of R1, R2, R, Rand R 5 is an azide, and 

15 (iv) one or none of R1, R2, R, Rand R 5 is a methyl.  

[9] The method of item [7], wherein the azido-substituted pyranose is 6-azido-6-deoxy-D-glucose, 

4-azido-4-deoxy-D-glucose or 3-azido-3-deoxy-D-glucose.  

20 [10] A composition comprising a handle-substituted carbohydrate lactone obtained or obtainable by 

the method of any one of items [1]-[9].  

Compositions comprising an N-terminally acylated and/or conjugated protein 

In a further aspect, the present invention provides a composition comprising an N-terminally acylated 

25 protein, wherein the N-terminally acylated protein comprises formula (VII), formula (VIII) or formula 

(IX):
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R5 R 0 

R 4 1 X 
6 3 1 

R R R (VII), 

wherein: 

(i) R', R2, R, R' and R 6 are each independently hydrogen, a hydroxyl, a methyl, or a handle, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, a handle, or a carboxyl, 

5 (iii) at least one of R', R2, Rand R4 is a handle, 

(iv) one or none of R', R2, Rand R4 is a methyl; and 

(v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue; 

R5 R 2 

R4 
R 3 R 0 

R R1 (VIII), 

10 wherein: 

(i) R', R2, Rand R 5 are each independently hydrogen, a hydroxyl, a methyl, or a handle, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, a handle, a carboxyl, an ester or an amide, 

(iii) at least one of R, R2, RWand R4 is a handle, 

(iv) one or none of R', R2, Rand R4 is a methyl; and 

15 (v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue; 

R 0 

R4 X 

R R (IX), 

wherein: 

(i) R', Rand R3 are each independently hydrogen, a hydroxyl, a methyl, or a handle, 

20 (ii) R4 is a hydroxyl, 

(iii) at least one of R, Rand R3 is a handle, 

(iv) one or none of R', Rand R3 is a methyl; and 

(v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue. Preferably, the N-terminal amino acid residue of 

25 the protein is a Gly.  

In some embodiments, at least 10 % of the proteins in the composition comprise formula (VII), 

formula (VIII) or formula (IX) as described above. Preferably, at least 20% of the proteins in the
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composition comprise formula (VII), formula (VIII) or formula (IX) as described above. This may be 

determined using MALDI-TOFMSorQTOF MS.  

In some embodiments, the handle is an Azide, Isothiocyanate, Isocyanate, Acyl azide, NHS ester, in 

5 situ NHS ester, Hydroxybenzotriazole (HOBt) ester, Sulfonyl chloride, -flouride, Sulfonyl ester (e.g.  

tosyl, mesyl, trifyl, tresyl esters etc.), Aldehyde, ketone, dicarbonyl, Aldehyde, Amine, Epoxide, 

Carbonate (e.g. succinimidyl carbonate), Cyclic imidocarbonate, NHS carbonate, N,N'-disuccinimidyl 

carbonate (DSC), Cyanate ester, Carbamate (e.g imidazole carbamate), Acyl imidazole, NHS 

carbamate, Aryl halide (e.g. fluorobenzene derivatives), Haloacetyl or alkyl halide, Imidoester 

10 (imidates), Carboxylate, Acid anhydride, Fluorophenyl ester (pentafluorophenyl/PFP, 

tetrafluorophenyl/TFP, sulfo-tetrafluorophenyl /STP esters), Tris(hydroxymethyl)phosphine/THP, 

beta-[tris(hydroxymethyl)phospino]proprionic acid/THPP, Cyclic hemiacetal, Azlactone, Activated 

double bond, Methylpyridinium ether, 6-sulfo-cytosine derivative, activated halogen, haloacetyl 

derivative (e.g. iodoacetyl), benzyl halide, and alkyl halide (N- and S- mustards) derivative , Activated 

15 double bond, Vinyl sulfone, Maleimide, Aziridine, Aryl halide, Acryloyl derivative (e.g., acrylic and 

methacrylic acid derivatives), Disulfide (e.g. protected thiol, such as, pyridyl disulfide derive , 5-thiol

2-nitrobenzoic acid, TNB-thiol - obtainable by treating a sulfhyrdyl with Ellman's reagent), Thiol 

(free), Thioester (e.g., phenylthioester), Cysteine attached via C-terminus, Cisplatin derivative, 2

cyanobenzothiazole, Diazoalkane compound, diazoacetyl compound, Epoxide, Aryl azide (e.g. phenyl 

20 azide, perfluorinated phenyl azide), Benzophenone, Anthraquinone, Diazo compound (e.g.  

diazotrifluoropropionate, diazopyruvate), Diazirene derivative, Psoralen compound, Halogenated 

phenyl azide, Alkene, Diene, Furan, Nitrone, Tetrazine, nitrile oxide, diazoalkane, syndone, 

quadricyclane, Boronic acid (e.g. phenyl boronic acid, and phenyldiboronic acid), BCN, BCN, 1,3

Dithiolium-4-olate, phosphine (e.g. triphenyl phosphine with electrophilic trap (Staudinger ligation)), 

25 phosphine derivative (e.g., bi- or tri-phenyl aryl ester, or acyl imidazole for traceless Staudinger 

ligation)), alkene, alkyne, strained alkyne, OCT, MOFO, DIFO, DIF02, DIFO3, DIMAC, DIBO, 

DIBAC (ADIBO), BARAC, BCN, Sondheimer diyene, TMDIBO, S-DIBO, COMBO, PYRROC, 

TMTH, DIFBO, ALO, isonitrile, thioalkyne, keto-DIBO, strained olefin, trifluoromethyl-substituted 

oxanorbomadiene, Biotin, biotin derivative, boronic acid, p-boronophenylalanine, strained dialkyne or 

30 Sondheimer dialkyne. In a preferred embodiment, the handle is an azide, diazotrifluoropropionate, 

diazopyruvate), diazoalkane, isonitrile (aka isocyanide, carbylamine), boronic acid, p

boronophenylalanine, Amine, Aldehyde, ketone, dicarbonyl (i.e. phenylglyoxal derive) , Aldehyde, 

Vinyl sulfone, Maleimide, Acryloyl derivative (e.g. acrylic and methacrylic acid derivative), Disulfide 

(e.g. protected thiol, such as, pyridyl disulfide derive , 5-thiol-2-nitrobenzoic acid, TNB-thiol), 

35 Thioester (e.g. phenylthioester (on C-terminal peptides for native chemical ligation)), 2

cyanobenzothiazole, Alkene, Diene, Furan, Nitrone, Tetrazine, Tetrazine, nitrile oxides, syndone, 

quadricyclane, BCN, BCN, 1,3-Dithiolium-4-olate, phosphine (e.g. triphenyl phosphine with
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electrophilic trap), phosphine derivative (bi- or tri-phenyl aryl ester, acyl imidazole for traceless 

Staudinger ligation), alkene, alkyne, strained alkyne, OCT, MOFO, DIFO, DIF02, DIFO3, DIMAC, 

DIBO, DIBAC (ADIBO), BARAC, BCN, Sondheimer diyene, TMDIBO, S-DIBO, COMBO, 

PYRROC, TMTH, DIFBO, ALO, thioalkyne, keto-DIBO, strained olefin, trifluoromethyl-substituted 

5 oxanorbomadiene, Biotin or biotin derivative. In a more preferred embodiment, the handle is an azide, 

Aldehyde, ketone, dicarbonyl (e.g. phenylglyoxal deriv.), Vinyl sulfone, Maleimide, Acryloyl 

derivative (e.g. acrylic and methacrylic acid derivative), Disulfide (e.g. protected thiol, such as, pyridyl 

disulfide deriv., 5-thiol-2-nitrobenzoic acid, TNB-thiol), thioester (e.g. phenylthioester), 2

cyanobenzothiazole, Alkene, Diene, Furan, Nitrone, Tetrazine, nitrile oxide, syndone, quadricyclane, 

10 BCN, BCN, 1,3-Dithiolium-4-olate, phosphine (e.g. triphenyl phosphine with electrophilic trap), 

phosphine derivative (bi- or tri-phenyl aryl ester, acyl imidazole), alkene, alkyne, strained alkynes, 

OCT, MOFO, DIFO, DIF02, DIFO3, DIMAC, DIBO, DIBAC, BARAC, BCN, Sondheimer diyene, 

TMDIBO, S-DIBO, COMBO, PYRROC, TMTH, DIFBO, ALO, thioalkyne, keto-DIBO, strained 

olefin, trifluoromethyl-substituted oxanorbomadiene, Biotin or biotin derivative. Most preferably, the 

15 handle is an azide.  

In some embodiments, the present invention provides a composition comprising an N-terminally 

acylated protein, wherein the N-terminally acylated protein comprises formula (IV): 

OH R2  0 

R4 

R 3  R1  (IV), 

20 wherein: 

(i) R1, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

(iii) at least one of R1, R2, R3 and R4 is an azide, 

(iv) one or none of R1, R2, R' and R4 is a methyl; and 

25 (v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue. Preferably, the N-terminal amino acid residue of 

the protein is a Gly.  

In some embodiments, the present invention provides a composition comprising an N-terminally 

30 acylated protein, wherein the N-terminally acylated protein comprises formula (X): 

OH R 0 

3  1 
R R (X), 

wherein:
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(i) R', R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

(iii) at least one of R', R2, R3 and R4 is an azide, 

(iv) one or none of R', R2, R' and R4 is a methyl; and 

5 (v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue. Preferably, the N-terminal amino acid residue of 

the protein is a Gly.  

In some embodiments, X comprises the amino acid sequence Gly-Gly or Gly-Ala.  

10 

In some embodiments, the protein comprises a His-tag at the N-terminus. This embodiment 

encompasses proteins wherein the first 3-6 amino acid residues at the N-terminus are His as well as 

proteins wherein 1-4 residues precede the His tag such as, for example, GHHHHIHH and 

GSSHHIHIH. In some embodiments, X comprises 3-10 His residues.  

15 

In some embodiments, less than 5% of the total acylated protein is double acylated. In some 

embodiments, less than 3% of the total acylated protein is double acylated. This may be determined 

using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) 

or Quadrupole time-of-flight mass spectrometry (QTOF MS). The extent of double acylation can be 

20 estimated as the ratio of the ion count (IC), also ion current, peak values for double acylated protein 

divided by the sum of all IC value for both acylated (mono and double) and non-acylated protein, that 

could participate in the reaction from MS data. MS data may be deconvoluted or used directly. The 

ratio could also be calculated by chromatographic separation by using carefully optimized ion

exchange protocol that can resolve individual charge variants of the molecule of interest by integrating 

25 the area under curves for the respectively mono- di- or otherwise acylated compounds as well as non

acylated species and calculated as above 

In some embodiments, R4 is an azide, R' is a hydroxyl, R2 is a hydroxyl and R1 is a hydroxyl. In some 

embodiments, R4 is a hydroxyl, R' is an azide, R2 is a hydroxyl and R1 is a hydroxyl. In some 

30 embodiments, R4 is a hydroxyl, R' is a hydroxyl, R2 is an azide and R1 is a hydroxyl. In some 

embodiments, R4 is a hydroxyl, R' is a hydroxyl, R2 is a hydroxyl and R1 is an azide.  

In some embodiments, X comprises the amino acid sequence Gly-Xaa'-Xaa 2-Xaa3 , and 

(i) Xaal is an amino acid residue or absent; 

35 (ii) Xaa2 is an amino acid residue or absent; and 

(iii) Xaa 3 consists of 3 or more His residues. In some embodiments, Xaal and Xaa2 are each 

independently Ser, Gly or Ala. In some embodiments, Xaal is Ser and Xaa2 is Ser.



WO 2021/123229 38 PCT/EP2020/087108 

In some embodiments, X comprises the amino acid sequence GSSHHHHH or GHHHHH.  

In some embodiments, X comprises the amino acid sequence Gly-Xaa-Xaa 2, and 

5 (i) Xaa' is Gly, Ser or Ala; and 

(ii) Xaa2 is: 

TYSDH, 

TYSAH, 

TYSCH, 

10 KWSKR, or 

SGSK.  

In some embodiments, X comprises the amino acid sequence GGTYSDH, GGTYSCH, GGKWSKR, 

or GASGSK.  

15 

In some embodiments, X comprises the amino acid sequence Xaa-Xaa 2-Xaa 3-Xaa 4, and 

(i) Xaal is an amino acid residue selected from: Ala, Gly, Ser, His, or Leu; 

(ii) Xaa2 is any amino acid residue or absent; 

(iii) Xaa 3 is any amino acid residue or absent; and 

20 (iv) Xaa4 consists of 3 or more His residues.  

In some embodiments, X comprises: 

(A) the amino acid sequence Gly-Xaa-Xaa 2-Xaa3, and 

(i) Xaal is any amino acid residue or absent; 

25 (ii) Xaa2 is an amino acid residue or absent; and 

(iii) Xaa3 consists of 3 or more His residues; 

or 

(B) the amino acid sequence Gly-Xaal, and 

(i) Xaal is an amino acid residue selected from Gly, Ala, or Ser.  

30 

In some embodiments, X comprises: 

(A) the amino acid sequence Xaa-Xaa2 and 

(i) Xaal is amino acid residue Gly or absent; and 

(ii) Xaa2 consists of 1 or more His residues; 

35 (B) the amino acid sequence Gly-Xaa-Xaa 2, and 

(i) Xaal is amino acid residue selected from Ser, Gly, Ala, Tyr, Leu, Arg, or absent; and 

(ii) Xaa2 consists of 2 or more His residues; or
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(C) the amino acid sequence Gly-Xaa-Xaa 2, and 

(i) Xaa' is Gly, Ser or Ala; and 

(ii) Xaa2 is: 

Thr-Tyr-Ser-Asp-His, 

5 Thr-Tyr-Ser-Cys-His, 

Thr-Tyr-Ser-Ala-His, 

Lys-Trp-Ser-Lys-Arg, or 

Ser-Gly-Ser-Lys.  

10 In some embodiments, X comprises the amino acid sequence G, H, GA, GG, GH, GI, GP, GV, SH, 

GAH, GAP, GGH, GHH, GGK, GGS, GGV, RGS, SYH, AHHH, GAAH, GASH, GHHH, GSAH, 

GSSH, SSYH, SYYH, VHHH, GAPTL, GHHHH, GHHHHH, LRFKFY, HHHHHH, GASGSKG, 

GGKWSKR, GGTYSDH, GHHHHHH, GLRFKFY, HLRFKFY, KHHHHHH, GHLRFKFY, 

GSLRFKFY, GSHHHHHH, GSHLRFKFY, GSSHHHHHH, RGSHHHHHH, SYYHHHHHH, A, AH, 

15 AHH, GL, GS, GGT, GAA, GAS, GHL, GLR, GSA, GSH, GSL, GSS, GHLR, GLRF, GAPT, GASG, 

GGKW, GGTY, GSHL, GSLR, GASGS, GGKWS, GGTYS, GHLRF, GLRFK, GSHLR, GSLRF, 

GSSHH, GASGSK, GGKWSK, GGTYSD, GHLRFK, GLRFKF, GSHLRF, GSLRFK, GSSHHH, 

GHLRFKF, GSHLRFK, GSLRFKF, GSSHHHH, GSHLRFKF, GSSHHHHH, HL, HLR, HLRF, 

HLRFK, HLRFKF, L, LR, LRF, LRFK, LRFKF, R, RG, S, SY, SS, SSY, SYY, V, VH or VHH.  

20 Preferably, X comprises the amino acid sequence GG, GHH, GHHH, GHHHFTH, GHTHHFH, 

GHHHHHH, GSSHHHHHH, GSHHHHHH, GASGSKG, GGKWSKR or GGTYSDH.  

It is conceivable that by testing other N-terminal sequences, sequences that are equally or even more 

prone to the selective N-terminal modification as disclosed herein may be identified. Since the solution 

25 space is considerably large, even a small library of just 6 random amino acids would give rise to over 

64 million (20^6) possible sequence variants. Library sizes increase exponentially with the length of 

the sequences to be tested (20^n, where n is the length of the peptide sequence to be tested).  

Nonetheless, it is conceivable that consecutive rounds of phage display, displaying N-terminal 

sequence variants or random libraries may be screened (Keeble et al. 2017). Other library generation 

30 and screening methods are known such as mRNA-, ribosome-, yeast-, bacterial-, or DNA display for 

example. Screening of large peptide arrays may also be performed to identify similarly or better 

reacting sequences (Steffen et al. 2017).  

In some embodiments, the composition further comprises a metal cation. In some embodiments, the 

35 metal cation is a d-block element. In some embodiments, the metal cation is a transition metal cation, 

preferably a divalent transition metal cation. In some embodiments, the transition metal cation is a
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divalent Zn, Ni or Cu cation. A divalent Ni or Cu cation is preferred for the purpose of inhibiting the 

reverse reaction.  

The inventors observed that the acylation reaction is reversible. In particular, only 27% of the peptide 

5 comprising GHHHHHH at the N-terminus remained acylated after 14 days at room temperature 

whereas 75% of peptides comprising GGTYSDH remained acylated under the same conditions. Thus, 

His tags influence the reversibility of the reaction.  

Without being bound by theory, it is thought that a divalent metal cation can interact with a His 

10 residue and may inhibit the reverse reaction.  

Thus, the addition of the metal cations to the composition is particularly preferred when the protein 

comprises a His-rich sequence, such as a His tag (e.g., at least two or more His residues at the N

terminus).  

15 

It is therefore also conceivable to employ metal ligands, in particular polyvalent metal ligands, that 

have higher affinities for oligo-histidine, several of which are known (Hauser and Tsien 2007). It 

could be reasonably expected that such higher affinity ligands would provide even better inhibition of 

the reverse reaction.  

20 

While many divalent metals bind to poly histidine sequences reversibly, oxidation of imidazole-bound 

Co(II) or Ru(II) is known to result in a dramatic increase of the binding strength (Ren, Bobst, and 

Kaltashov 2019). It is thus conceivable that these metals could be used to irreversibly block the 

Histidine mediated effect of the reversibility reaction upon first binding to the modified Histidine rich 

25 sequence at a suitable pH, optional removal of excess metal, and finally oxidation in place to lock the 

histidine groups, in no specific order. Such oxidized metals can be reasonably expected to inhibit the 

reverse reaction across a wider range of pH values and would also be able to exert their reversibility 

protective effect in the presence of excess chelating reagents.  

30 It is also conceivable that certain metals ions bind directly to the hydroxyl residues of the acyl group, 

as has analogously been demonstrated for Gd" in combination with the gluconoyl hydroxyls of a low 

molecular weight gluconamide model compound (Dill et al. 1985). Therefore, addition of metal ions 

may also modulate the reversibility of non-His tagged acylated substances according to the invention.  

35 Furthermore, without being bound to theory, both the polyols of the gluconoyl modification and the 

histidine residue(s) may be expected to interact with a given metal ion at the same time.
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The inventors also observed that the reverse reaction can be inhibited or stopped completely if the 

composition is lyophilized or frozen. Thus, in some embodiments, the composition is lyophilized or 

frozen.  

5 In some embodiments, the composition further comprises a diol-ester forming agent. The diol-ester 

forming agent may form an adduct with the N-terminally acylated protein as shown in the following 

exemplary reaction scheme: 

HO, BOH 

OH OH 0 

Na NH HOO 
H R N BC 

NH ORH 

HO 
phenylboronic ester6-AGDL-protein 

adduct 

10 

The inclusion of a diol-ester forming agent such as boric acid and/or boronic acid can also inhibit the 

reverse reaction. Thus, boric acid and boronic acid can function as a protective group for the acylated 

N-terminus. The protective effect is enhanced when the pH of the composition is 6 or higher. Thus, 

when boric and/or boronic acid is included in the composition, the pH of the solution should 

15 preferably be 5 or higher, more preferably 6 or higher to reduce the de-acylation rate of the protein.  

Without being bound by theory, in principle any diol-ester forming agent may be used to inhibit, 

reduce or stop the reverse gluconoylation reaction. Besides boric acid, which preferably forms diols at 

slightly alkaline pH, it is known that binding of borate derivatives, even at pH values below 7.5. can be 

20 achieved by (i) phenylboronic acids substituted with electron-withdrawing groups, such as sulfonyl, 

fluoro, and carbonyl, on the phenyl ring; (ii) boronic acids containing intramolecular tetracoordinated 

B-N or B-O bonds (so-called Wulff-type); (iii) boronic acids containing intramolecular tricoordinated 

B-O bonds (known as "improved" Wulff-type); or (iv) heterocyclic boronic acids (Liu and He 2017).  

Therefore, any reagents from the aforementioned classes could provide the desired effect at a given pH 

25 value.  

In some embodiments, the diol-ester forming agent has a pKa that is up to 2.2 pH units higher than the 

pH of the composition. For example, if the acylated protein is in a composition having a pH of 7, the 

pKa of the diol-ester forming agent may be 9.2 or lower.  

30 

In some embodiments, the diol-ester forming agent is or comprises Boric acid, Phenyl boronic acid, 

Nitrophenylboronic acid, Cyclopropylboronic acid, Cyclobutylboronic acid, 2-fluoro-5-
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nitrophenylboronic acid, Diphenylborinic acid, 2,6-bis(trifluoromethyl)phenylboronic, 4-(3

butenylsulfonyl) phenylboronic acid, Aminophenylboronic acid, vinylphenylboronic acid, 3

acrylamidophenylboronic acid, 2,4-difluoro-3-formyl-phenylboronic acid , 3-(dimethylaminomethyl) 

aniline-4-pinacol boronate, benzoxaborole, benzoxaborin, 3,3-dimethyl benzoxaborole, AN2898, 

5 SCYX-7158/AN5568, AN2718, AN3661, 3-carboxybenzoboroxole, pyridinylboronic acid, 

pyrimidineboronic acid, imdazoleboronic acid, isoxazoleboronic acid, diphenylborinic acid, 

Thienylboronic acid, Benzene-1,4-diboronic acid, phenyldiboronic (1,3-), Phenylethane Boronic Acid, 

3-Nitrophenylboronic Acid, AN0128, Flovagatran, Talabostat, Delanzomib, Perboric acid, 

Dutogliptin, 4-Borono-L-phenylalanine, Tavaborole, Crisaborole, Bortezomib, Ixazomib or 

10 Vaborbactam.  

It is also conceivable that borinic acid ester forming reagents may inhibit the reverse reaction.  

The acylated protein of any one of the above compositions may then be conjugated to another moiety 

15 using click chemistry (see Baskin & Bertozzi, 2010, Li & Zhang, 2016). Thus, the present invention 

also provides a composition comprising an N-terminally conjugated protein, wherein the N-terminally 

conjugated protein is obtained or obtainable by reacting the N-terminally acylated protein of the 

present invention with a compound comprising a phosphine group (e.g., triphenylphosphine with 

electrophilic trap suitable for a Staudinger ligation), a phosphine derivative (e.g., bi- or tri-phenyl aryl 

20 ester, thioester, or acyl imidazole suitable for traceless Staudinger ligation), alkene group, alkyne 

group (suitable for CuAAC), strained alkyne group (suitable for SPAAC), OCT, MOFO, DIFO, 

DIFO2, DIFO3, DIMAC, DIBO, DIBAC (also known as ADIBO), BARAC, BCN, Sondheimer 

diyene, TMDIBO, S-DIBO, COMBO, PYRROC, TMTH, DIFBO, ALO, thioalkyne group, keto

DIBO, strained olefin, or oxanorbornadiene group (e.g., trifluoromethyl-substituted 

25 oxanorbornadiene).  

The N-terminally conjugated protein may be the result of any one of the following reactions: 

(i) 

NNI-Protein 
Protein -N=N N + Z-M 

Z M , wherein Z is an aryl, alkyl 

30 or hydrogen and M is a desired conjugate; 

(ii)
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Protein N'"N 

Protein-N=N N + Z 

Z M,wherein Z is an aryl, alkyl 

or hydrogen and M is a desired conjugate; 

(iii) 

N 

Protein -N=N=N + N 
N 

Protein.  

5 (iv) 

00 
M Z 

Protein-N=N=N + N-,-Protein + \ 
z N=N 

wherein M is a desired conjugate and Z is an electron withdrawing group (e.g., a 

trifluoromethylsulfonyl group, ammonium group, nitro group, sulfonic acid group, sulfonyl group, 

cyano group, trihalomethyl group, haloformyl group, formyl froup, acyl group, carboxyl group or 

10 aminocarbonyl group); and 

(v) 

Protein 

0 OH 0 NH 

Protein -N=N'=N~ + P-P 

wherein any of the compounds of the aryl groups of the triarylphosphine may be covalently bound to a 

desired conjugate.  

15 

The desired conjugate may be 1-dehydrotestosterone, a chromophore, actinomycin D, aerogel, agar, 

agarose, alkaline phosphatase, alkylating agent, alumina gel, amino acid, amylopectin, anthracycline, 

antibiotic, antibody, antibody fragment, antigen, antimetabolite, avidin, bacteriophage, bead, beta

galactosidase, biochip, biofilm, biological cell, biotin, bromide, carbon nanotubes, cell membrane, 

20 cellular component, cellulose, Chemiluminescent compound, colchicin, contrast agent, cotton,
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cytochalasin B, cytolytic immunomodulatory proteins, daunorubicin, dendrimers, derivatized plastic 

film, dextran, diazocellulose, dihydroxy anthracin dione, DNA aptamer, DNA damaging inhibitors, 

doxorubicin, drug, elastine-like proteins and peptide, emetine, enzymatic substrate, enzyme, ethidium, 

etoposide, exosome, Extracellular Matrix scaffolds, FICOLL, firefly luciferase, fluorescent protein, 

5 fluorophore, free radical precursors, fullerenes, fuorescent lanthanide chelates, gamma emitting 

probes, glass bead, glass or magnetic support, glucocorticoid, glycan, glycogen, gramicidin D, hapten, 

heparin, hormone, horseradish peroxidase, hydrogel, IgG-binding, infrared emitting probes, inulin, ion 

chelating moiety, isobaric mass tags for mass spectrometry, isotopic mass tags for mass spectrometry, 

latex, layered material, lidocaine, lipid, lipid assembly, Liposomal spherical nucleic acids, liposome, 

10 magnetic bead, maleimide, mannan, mass tags for mass spectrometry, membrane, metal conducting, 

metal nonconducting, microfluidic chip, mithramycin, mitomycin, mitoxantrone, molecular scaffolds, 

multi-well plate, N-hydroxysuccinimide, nanocrystals, nanogel, nanoparticle, near infrared emitting 

probes, nitrocellulose, non-biological microparticle, nucleic acid, nucleoside, nucleotide, nylon, 

oligonucleotide, outer-membrane vesicle, PAMAM, paramagnetic bead, particle, PEG, PEP [a term 

15 describing the modification of proteins with synthetic polypeptides (also known as poly(x-amino 

acid)s)], peptide, phosphorescent dye, photosensitizer, phycobiliproteins, plastic bead, 

poly(acrylamide), poly(acrylate), polyethylene, polymer, polymeric membrane, polymeric 

microparticle, polyol, polypropylene, polysaccharide, polystyrene, polyvinylchloride, porous 

monoliths, procaine, propranolol, protein, psoralen, puromycin, quantum dots, radioisotope, 

20 radionuclides, resin, resonance probe, RNA aptamer, silica gel, silicon chip, spheroids, starch, 

streptavidin, superparamagnetic bead, surfaces, synthetic polymer, tandem dye, taxol, tenoposide, 

tetracaine, toxin, transcription inhibitor, tyramine, vesicle, vinblastine, vincristine, virus, Virus-like 

particles, or xenograft.  

25 In some embodiments, the N-terminally acylated protein of the present invention is reacted with a 

compound according to formula E-L-M, wherein: 

E comprises a phosphine group (e.g., triphenylphosphine with electrophilic trap suitable for a 

Staudinger ligation), a phosphine derivative (e.g., bi- or tri-phenyl aryl ester, thioester, or acyl 

imidazole suitable for traceless Staudinger ligation), alkene group, alkyne group (suitable for 

30 CuAAC), strained alkyne group (suitable for SPAAC), OCT, MOFO, DIFO, DIF02, DIFO3, DIMAC, 

DIBO, DIBAC (also known as ADIBO), BARAC, BCN, Sondheimer diyene, TMDIBO, S-DIBO, 

COMBO, PYRROC, TMTH, DIFBO, ALO, thioalkyne group, keto-DIBO, strained olefin, or 

oxanorbomadiene group (e.g., trifluoromethyl-substituted oxanorbornadiene); 

L is a linker or absent; and 

35 M is a desired conjugate.
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In some embodiments, M is 1-dehydrotestosterone, a chromophore, actinomycin D, aerogel, agar, 

agarose, alkaline phosphatase, alkylating agent, alumina gel, amino acid, amylopectin, anthracycline, 

antibiotic, antibody, antibody fragment, antigen, antimetabolite, avidin, bacteriophage, bead, beta

galactosidase, biochip, biofilm, biological cell, biotin, bromide, carbon nanotubes, cell membrane, 

5 cellular component, cellulose, Chemiluminescent compound, colchicin, contrast agent, cotton, 

cytochalasin B, cytolytic immunomodulatory proteins, daunorubicin, dendrimers, derivatized plastic 

film, dextran, diazocellulose, dihydroxy anthracin dione, DNA aptamer, DNA damaging inhibitors, 

doxorubicin, drug, elastine-like proteins and peptide, emetine, enzymatic substrate, enzyme, ethidium, 

etoposide, exosome, Extracellular Matrix scaffolds, FICOLL, firefly luciferase, fluorescent protein, 

10 fluorophore, free radical precursors, fullerenes, fuorescent lanthanide chelates, gamma emitting 

probes, glass bead, glass or magnetic support, glucocorticoid, glycan, glycogen, gramicidin D, hapten, 

heparin, hormone, horseradish peroxidase, hydrogel, IgG-binding, infrared emitting probes, inulin, ion 

chelating moiety, isobaric mass tags for mass spectrometry, isotopic mass tags for mass spectrometry, 

latex, layered material, lidocaine, lipid, lipid assembly, Liposomal spherical nucleic acids, liposome, 

15 magnetic bead, maleimide, mannan, mass tags for mass spectrometry, membrane, metal conducting, 

metal nonconducting, microfluidic chip, mithramycin, mitomycin, mitoxantrone, molecular scaffolds, 

multi-well plate, N-hydroxysuccinimide, nanocrystals, nanogel, nanoparticle, near infrared emitting 

probes, nitrocellulose, non-biological microparticle, nucleic acid, nucleoside, nucleotide, nylon, 

oligonucleotide, outer-membrane vesicle, PAMAM, paramagnetic bead, particle, PEG, PEP [a term 

20 describing the modification of proteins with synthetic polypeptides (also known as poly(x-amino 

acid)s)], peptide, phosphorescent dye, photosensitizer, phycobiliproteins, plastic bead, 

poly(acrylamide), poly(acrylate), polyethylene, polymer, polymeric membrane, polymeric 

microparticle, polyol, polypropylene, polysaccharide, polystyrene, polyvinylchloride, porous 

monoliths, procaine, propranolol, protein, psoralen, puromycin, quantum dots, radioisotope, 

25 radionuclides, resin, resonance probe, RNA aptamer, silica gel, silicon chip, spheroids, starch, 

streptavidin, superparamagnetic bead, surfaces, synthetic polymer, tandem dye, taxol, tenoposide, 

tetracaine, toxin, transcription inhibitor, tyramine, vesicle, vinblastine, vincristine, virus, Virus-like 

particles, or xenograft.  

30 In some embodiments, E is any one of the following compounds:
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SF R R 0 

OCT MOFO DIFO DIMAC 

R 

NN TMTH 

wherein R is L-M as described above.  

5 In some embodiments, at least 10 % of the proteins in the composition are conjugated. Preferably, at 

least 20% of the proteins in the composition are conjugated.  

Methods for site-specifically modifying a protein at the N-terminus 

In a further aspect the present invention provides a method for site-specifically modifying a protein 

10 (preferably at the N-terminus) comprising contacting a protein with a handle-substituted carbohydrate 

lactone. In some embodiments, the handle-substituted carbohydrate lactone has a five-, six- or seven

membered ring. In some embodiments, the carbohydrate lactone is a 1,5-lactone. In some 

embodiments, the carbohydrate lactone has a five-, six- or seven-membered ring and C6, C4 and/or C3 

is substituted with a handle. The handle may in accordance with any one of the previous embodiments.  

15 

In some embodiments, the handle-substituted carbohydrate lactone is a lactone derivative of D-ribose, 

D-arabinose, D-xylose, D-lyxose, L-ribose, L-arabinose, L-xylose, or L-lyxose, D-allose, D-altrose, D

glucose, D-mannose, D-gulose, D-idose, D-galactose, D-talose, L-allose, L-altrose, L-glucose, L

mannose, L-gulose, L-idose, L-galactose, or L-Talose.  

20 

In some embodiments, the handle-substituted carbohydrate lactone is a lactone obtained or obtainable 

by a synthesis method of the present invention.  

In some embodiments, the present invention provides a method for site-specifically modifying a 

25 protein at the N-terminus comprising contacting a protein with a compound according to formula (V).
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R 4 

0 0 

R R 

R (V), 

wherein: 

(i) R', Rand R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

5 (iii) at least one of R', R2, Rand R4 is an azide, and 

(iv) one or none of R', R2, Rand R4 is a methyl.  

In some embodiments, R4 is an azide, R' is a hydroxyl, R2 is a hydroxyl and R' is a hydroxyl. In some 

embodiments, R4 is a hydroxyl, R' is an azide, R2 is a hydroxyl and R' is a hydroxyl. In some 

10 embodiments, R4 is a hydroxyl, R' is a hydroxyl, R2 is an azide and R' is a hydroxyl. In some 

embodiments, R4 is a hydroxyl, R' is a hydroxyl, R2 is a hydroxyl and R' is an azide.  

In some embodiments, the N-terminal amino acid residue is a Gly, Ala, Ser or His residue. In some 

embodiments, the N-terminus comprises the amino acid sequence Gly-Gly or Gly-Ala. In some 

15 embodiments, the protein comprises a His-tag at the N-terminus.  

In some embodiments, the N-terminus of the protein comprises the amino acid sequence Gly-Xaal

Xaa2-Xaa 3, wherein 

(i) Xaal is an amino acid residue or absent; 

20 (ii) Xaa2 is an amino acid residue or absent; and 

(iii) Xaa 3 consists of 3 or more His residues. In some embodiments, Xaal and Xaa2 are each 

independently Ser, Gly or Ala. In some embodiments, Xaal is Ser and Xaa2 is Ser.  

In some embodiments, the N-terminus of the protein comprises the amino acid sequence 

25 GSSHHTHFH or GHHHHHH.  

In some embodiments, the N-terminus of the protein comprises the amino acid sequence Gly-Xaal

Xaa2, wherein 

(i) Xaal is Gly, Ser or Ala; and 

30 (ii) Xaa2 is: 

TYSDH, 

TYSAH 

TYSCH,
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KWSKR, or 

SGSK.  

In some embodiments, the N-terminus of the protein comprises the amino acid sequence GGTYSDH, 

5 GGTYSCH, GGKWSKR, or GASGSK.  

In some embodiments, the N-terminus of the protein comprises the amino acid sequence G, H, GA, 

GG, GH, GI, GP, GV, SH, GAH, GAP, GGH, GHH, GGK, GGS, GGV, RGS, SYH, AHHH, GAAH, 

GASH, GHHH, GSAH, GSSH, SSYH, SYYH, VHHH, GAPTL, GHHHH, GHHHHH, LRFKFY, 

10 HHHHHH, GASGSKG, GGKWSKR, GGTYSDH, GHHHHHH, GLRFKFY, HLRFKFY, 

KHHHHHH, GHLRFKFY, GSLRFKFY, GSHHHHHH, GSHLRFKFY, GSSHHHHHH, 

RGSHHHHHH, SYYHHHHHHH, A, AH, AHH, GL, GS, GGT, GAA, GAS, GHL, GLR, GSA, GSH, 

GSL, GSS, GHLR, GLRF, GAPT, GASG, GGKW, GGTY, GSHL, GSLR, GASGS, GGKWS, 

GGTYS, GHLRF, GLRFK, GSHLR, GSLRF, GSSHH, GASGSK, GGKWSK, GGTYSD, GHLRFK, 

15 GLRFKF, GSHLRF, GSLRFK, GSSHHH, GHLRFKF, GSHLRFK, GSLRFKF, GSSHHHH, 

GSHLRFKF, GSSHHHHH, HL, HLR, HLRF, HLRFK, HLRFKF, L, LR, LRF, LRFK, LRFKF, R, 

RG, S, SY, SS, SSY, SYY, V, VH or VHH. Preferably, the N-terminus of the protein comprises the 

amino acid sequence GG, GHH, GHHH, GHHHH, GHHHHH, GHHHHHH, GSSHHTHHFH, 

GSHHHHHH, GASGSKG, GGKWSKR or GGTYSDH.  

20 

In some embodiments, the method further comprises adding a diol-ester forming agent. In some 

embodiments, the diol-ester forming agent is or comprises Boric acid, Phenyl boronic acid, 

Nitrophenylboronic acid, Cyclopropylboronic acid, Cyclobutylboronic acid, 2-fluoro-5

nitrophenylboronic acid, Diphenylborinic acid, 2,6-bis(trifluoromethyl)phenylboronic, 4-(3

25 butenylsulfonyl) phenylboronic acid, Aminophenylboronic acid, vinylphenylboronic acid, 3

acrylamidophenylboronic acid, 2,4-difluoro-3-formyl-phenylboronic acid, 3-(dimethylaminomethyl) 

aniline-4-pinacol boronate, benzoxaborole, benzoxaborin, 3,3-dimethyl benzoxaborole, AN2898, 

SCYX-7158/AN5568, AN2718, AN3661, 3-carboxybenzoboroxole, pyridinylboronic acid, 

pyrimidineboronic acid, imdazoleboronic acid, isoxazoleboronic acid, diphenylborinic acid, 

30 Thienylboronic acid, Benzene-1,4-diboronic acid, phenyldiboronic (1,3-), Phenylethane Boronic Acid, 

3-Nitrophenylboronic Acid, AN0128, Flovagatran, Talabostat, Delanzomib, Perboric acid, 

Dutogliptin, 4-Borono-L-phenylalanine, Tavaborole, Crisaborole, Bortezomib, Ixazomib or 

Vaborbactam. In some embodiments, the method further comprises adding a diol-ester forming agent.  

In some embodiments, the diol-ester forming agent is or comprises Boric acid, methylboronic acid, 

35 Phenyl boronic acid, 2-formylphenylboronic acid, 4-formylphenylboronic acid, Nitrophenylboronic 

acid, Cyclopropylboronic acid, Cyclobutylboronic acid, 2-fluoro-5-nitrophenylboronic acid, 

Diphenylborinic acid, 2,6-bis(trifluoromethyl)phenylboronic, 4-(3-butenylsulfonyl) phenylboronic
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acid, 3- Aminophenylboronic acid, Aminophenylboronic acid, vinylphenylboronic acid, 3

acrylamidophenylboronic acid, 2,4-difluoro-3-formyl-phenylboronic acid , 3-(dimethylaminomethyl) 

aniline-4-pinacol boronate, benzoxaborole, benzoxaborin, 3,3-dimethyl benzoxaborole, AN2898, 

SCYX-7158/AN5568, AN2718, AN3661, 3-carboxybenzoboroxole, pyridinylboronic acid, 

5 pyrimidineboronic acid, imdazoleboronic acid, isoxazoleboronic acid, diphenylborinic acid, 

Thienylboronic acid, Benzene-1,4-diboronic acid, phenyldiboronic (1,3-), Phenylethane Boronic Acid, 

3-Nitrophenylboronic Acid, AN0128, Flovagatran, Talabostat, Delanzomib, Perboric acid, 

Dutogliptin, 4-Borono-L-phenylalanine, Tavaborole, Crisaborole, Bortezomib, Ixazomib or 

Vaborbactam.  

10 

The desired conjugate may be 1-dehydrotestosterone, a chromophore, actinomycin D, aerogel, agar, 

agarose, alkaline phosphatase, alkylating agent, alumina gel, amino acid, amylopectin, anthracycline, 

antibiotic, antibody, antibody fragment, antigen, antimetabolite, avidin, bacteriophage, bead, beta

15 galactosidase, biochip, biofilm, biological cell, biotin, bromide, carbon nanotubes, cell membrane, 

cellular component, cellulose, Chemiluminescent compound, colchicin, contrast agent, cotton, 

cytochalasin B, cytolytic immunomodulatory proteins, daunorubicin, dendrimers, derivatized plastic 

film, dextran, diazocellulose, dihydroxy anthracin dione, DNA aptamer, DNA damaging inhibitors, 

doxorubicin, drug, elastine-like proteins and peptide, emetine, enzymatic substrate, enzyme, ethidium, 

20 etoposide, exosome, Extracellular Matrix scaffolds, FICOLL, firefly luciferase, fluorescent protein, 

fluorophore, free radical precursors, fullerenes, fuorescent lanthanide chelates, gamma emitting 

probes, glass bead, glass or magnetic support, glucocorticoid, glycan, glycogen, gramicidin D, hapten, 

heparin, hormone, horseradish peroxidase, hydrogel, IgG-binding, immunomodulatory molecule, 

immunostimulatory molecule, immunosuppressive molecule, infrared emitting probes, inulin, ion 

25 chelating moiety, isobaric mass tags for mass spectrometry, isotopic mass tags for mass spectrometry, 

latex, layered material, lidocaine, lipid, lipid assembly, Liposomal spherical nucleic acids, liposome, 

magnetic bead, maleimide, mannan, mass tags for mass spectrometry, membrane, metal conducting, 

metal nonconducting, microfluidic chip, mithramycin, mitomycin, mitoxantrone, molecular scaffolds, 

multi-well plate, N-hydroxysuccinimide, nanocrystals, nanogel, nanoparticle, near infrared emitting 

30 probes, nitrocellulose, non-biological microparticle, nucleic acid, nucleoside, nucleotide, nylon, 

oligonucleotide, outer-membrane vesicle, PAMAM, paramagnetic bead, particle, PEG, PEP [a term 

describing the modification of proteins with synthetic polypeptides (also known as poly(X-amino 

acid)s)], peptide, phosphorescent dye, photosensitizer, phycobiliproteins, plastic bead, 

poly(acrylamide), poly(acrylate), polyethylene, polymer, polymeric membrane, polymeric 

35 microparticle, polyol, polypropylene, polysaccharide, polystyrene, polyvinylchloride, porous 

monoliths, procaine, propranolol, protein, psoralen, puromycin, quantum dots, radioisotope, 

radionuclides, resin, resonance probe, RNA aptamer, silica gel, silicon chip, spheroids, starch,
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streptavidin, superparamagnetic bead, surfaces, synthetic polymer, tandem dye, taxol, tenoposide, 

tetracaine, toxin, transcription inhibitor, tyramine, vesicle, vinblastine, vincristine, virus, Virus-like 

particles, or xenograft.  

5 In some embodiments, the method further comprises adding a metal cation. In some embodiments, the 

metal cation is a d-block element. In some embodiments, the metal cation is a transition metal cation, 

preferably a divalent transition metal cation. In some embodiments, the transition metal cation is a 

divalent Zn, Ni, or Cu cation. A divalent Ni or Cu cation is preferred for the purpose of inhibiting the 

reversible reaction.  

10 

In some embodiments, the protein and compound according to formula (V) are contacted in an 

aqueous buffer. In some embodiments, the pH of the aqueous buffer is equal to or more than 4 and 

equal to or less than 9. In some embodiments, the pH of the aqueous buffer is equal to or more than 7 

and equal to or less than 8. In some embodiments, the pH of the aqueous buffer is 7.5.  

15 

In some embodiments, the protein and compound according to formula (V) are contacted at a 

temperature of 4 to 37 °C. In some embodiments, the reaction is allowed to proceed at a temperature of 

4 to 37 °C. It is conceivable to conduct the reaction below 4C but above freezing point of the 

respective reaction solution.  

20 

In some embodiments, the reaction may be allowed to proceed for equal to or more than about 30 

minutes and less than or equal to about 24 hours. It is conceivable to conduct the reaction for a shorter 

time than 30 minutes if less acylation should be desirable.  

25 In some embodiments, the method further comprises contacting the resulting acylated protein with a 

compound comprising a phosphine group (e.g., triphenylphosphine with electrophilic trap suitable for 

a Staudinger ligation), a phosphine derivative (e.g., bi- or tri-phenyl aryl ester, thioester, or acyl 

imidazole suitable for traceless Staudinger ligation), alkene group, alkyne group (suitable for 

CuAAC), strained alkyne group (suitable for SPAAC), OCT, MOFO, DIFO, DIF02, DIFO3, DIMAC, 

30 DIBO, DIBAC (also known as ADIBO), BARAC, BCN, Sondheimer diyene, TMDIBO, S-DIBO, 

COMBO, PYRROC, TMTH, DIFBO, ALO, thioalkyne group, keto-DIBO, strained olefin, or 

oxanorbomadiene group (e.g., trifluoromethyl-substituted oxanorbornadiene).  

It is therefore clear to the skilled person that an azide can be used to conjugate a host of different 

35 functional components to the protein (see, for example, Spicer and Davis 2014, Baskin & Bertozzi, 

2010, Li & Zhang, 2016).
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In some embodiments, the resulting acylated protein is contacted with a compound according to 

formula E-L-M, wherein: 

E comprises a phosphine group (e.g., triphenylphosphine with electrophilic trap suitable for a 

Staudinger ligation), a phosphine derivative (e.g., bi- or tri-phenyl aryl ester, thioester, or acyl 

5 imidazole suitable for traceless Staudinger ligation), alkene group, alkyne group (suitable for 

CuAAC), strained alkyne group (suitable for SPAAC), OCT, MOFO, DIFO, DIF02, DIFO3, DIMAC, 

DIBO, DIBAC (also known as ADIBO), BARAC, BCN, Sondheimer diyene, TMDIBO, S-DIBO, 

COMBO, PYRROC, TMTH, DIFBO, ALO, thioalkyne group, keto-DIBO, strained olefin, or 

oxanorbomadiene group (e.g., trifluoromethyl-substituted oxanorbomadiene); 

10 L is a linker or absent; and 

M is a desired conjugate.  

In some embodiments, the handle-substituted carbohydrate lactone is reacted with a compound 

according to the formula E-L-M before allowing the resultant product to react with the protein, 

15 wherein: 

E comprises a phosphine group (e.g., triphenylphosphine with electrophilic trap suitable for a 

Staudinger ligation), a phosphine derivative (e.g., bi- or tri-phenyl aryl ester, thioester, or acyl 

imidazole suitable for traceless Staudinger ligation), alkene group, alkyne group (suitable for 

CuAAC), strained alkyne group (suitable for SPAAC), OCT, MOFO, DIFO, DIF02, DIFO3, DIMAC, 

20 DIBO, DIBAC (also known as ADIBO), BARAC, BCN, Sondheimer diyene, TMDIBO, S-DIBO, 

COMBO, PYRROC, TMTH, DIFBO, ALO, thioalkyne group, keto-DIBO, strained olefin, or 

oxanorbomadiene group (e.g., trifluoromethyl-substituted oxanorbomadiene); 

L is a linker or absent; and 

M is a desired conjugate.  

25 

In some embodiments, M is 1-dehydrotestosterone, a chromophore, actinomycin D, aerogel, agar, 

agarose, alkaline phosphatase, alkylating agent, alumina gel, amino acid, amylopectin, anthracycline, 

antibiotic, antibody, antibody fragment, antigen, antimetabolite, avidin, bacteriophage, bead, beta

galactosidase, biochip, biofilm, biological cell, biotin, bromide, carbon nanotubes, cell membrane, 

30 cellular component, cellulose, Chemiluminescent compound, colchicin, contrast agent, cotton, 

cytochalasin B, cytolytic immunomodulatory proteins, daunorubicin, dendrimers, derivatized plastic 

film, dextran, diazocellulose, dihydroxy anthracin dione, DNA aptamer, DNA damaging inhibitors, 

doxorubicin, drug, elastine-like proteins and peptide, emetine, enzymatic substrate, enzyme, ethidium, 

etoposide, exosome, Extracellular Matrix scaffolds, FICOLL, firefly luciferase, fluorescent protein, 

35 fluorophore, free radical precursors, fullerenes, fuorescent lanthanide chelates, gamma emitting 

probes, glass bead, glass or magnetic support, glucocorticoid, glycan, glycogen, gramicidin D, hapten, 

heparin, hormone, horseradish peroxidase, hydrogel, IgG-binding, immunomodulatory molecule,
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immunostimulatory molecule, immunosuppressive molecule, infrared emitting probes, inulin, ion 

chelating moiety, isobaric mass tags for mass spectrometry, isotopic mass tags for mass spectrometry, 

latex, layered material, lidocaine, lipid, lipid assembly, Liposomal spherical nucleic acids, liposome, 

magnetic bead, maleimide, mannan, mass tags for mass spectrometry, membrane, metal conducting, 

5 metal nonconducting, microfluidic chip, mithramycin, mitomycin, mitoxantrone, molecular scaffolds, 

multi-well plate, N-hydroxysuccinimide, nanocrystals, nanogel, nanoparticle, near infrared emitting 

probes, nitrocellulose, non-biological microparticle, nucleic acid, nucleoside, nucleotide, nylon, 

oligonucleotide, outer-membrane vesicle, PAMAM, paramagnetic bead, particle, PEG, PEP [a term 

describing the modification of proteins with synthetic polypeptides (also known as poly(X-amino 

10 acid)s)], peptide, phosphorescent dye, photosensitizer, phycobiliproteins, plastic bead, 

poly(acrylamide), poly(acrylate), polyethylene, polymer, polymeric membrane, polymeric 

microparticle, polyol, polypropylene, polysaccharide, polystyrene, polyvinylchloride, porous 

monoliths, procaine, propranolol, protein, psoralen, puromycin, quantum dots, radioisotope, 

radionuclides, resin, resonance probe, RNA aptamer, silica gel, silicon chip, spheroids, starch, 

15 streptavidin, superparamagnetic bead, surfaces, synthetic polymer, tandem dye, taxol, tenoposide, 

tetracaine, toxin, transcription inhibitor, tyramine, vesicle, vinblastine, vincristine, virus, Virus-like 

particles, or xenograft.  

In some embodiments, E is any one of the following compounds: 

20 

FR F R 

C17 H F 0' 

OCT MOFO DIFO DIMAC 

0C F_ N 

COMBO DIBO DIBAO BARAO 

H 

BCN TMTH 

wherein R is L-M as described above.  

25 In some embodiments, the compound according to formula (V) has a purity of at least 85%, preferably 

at least 95%. The purity may be determined using ID 'H-, ID 3 C-, and/or 2D 'H- 3 C HSQC NMR.
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In some embodiments the compound according to formula (V) is obtained or obtainable through a 

method according to the present invention.  

5 In a further aspect, the present invention also provides a protein obtained or obtainable through any 

one of the methods of the present invention.  

Modulating the rate of hydrolysis 

In a further aspect the present invention provides the use of a diol-ester forming agent and/or metal 

10 cation for modulating the hydrolysis rate of an acylated protein, preferably a N-terminally acylated 

protein according to the present invention. Without being bound to a particular theory, it is believed 

that the reverse reaction is a hydrolysis reaction.  

The term "modulating" encompasses both promoting and inhibiting the hydrolysis rate because it is 

15 also envisioned that the concentrations of boric acid, boronic acid and/or metal cations can be 

decreased through dialysis or spin-filters in order to increase the rate of hydrolysis or the 

concentrations can be increased to inhibit the hydrolysis of the bond between the protein and the acyl 

group or the conjugate. Further, it is also envisioned that chelating agents can be used to sequester the 

metal cations and increase the hydrolysis rate. Ethylenediaminetetraacetic acid and citric acid are 

20 appropriate chelating agents for such an approach.  

In some embodiments, the diol-ester forming agent is or comprises Boric acid, Phenyl boronic acid, 

Nitrophenylboronic acid, Cyclopropylboronic acid, Cyclobutylboronic acid, 2-fluoro-5

nitrophenylboronic acid, Diphenylborinic acid, 2,6-bis(trifluoromethyl)phenylboronic, 4-(3

25 butenylsulfonyl) phenylboronic acid, Aminophenylboronic acid, vinylphenylboronic acid, 3

acrylamidophenylboronic acid, 2,4-difluoro-3-formyl-phenylboronic acid, 3-(dimethylaminomethyl) 

aniline-4-pinacol boronate, benzoxaborole, benzoxaborin, 3,3-dimethyl benzoxaborole, AN2898, 

SCYX-7158/AN5568, AN2718, AN3661, 3-carboxybenzoboroxole, pyridinylboronic acid, 

pyrimidineboronic acid, imdazoleboronic acid, isoxazoleboronic acid, diphenylborinic acid, 

30 Thienylboronic acid, Benzene-1,4-diboronic acid, phenyldiboronic (1,3-), Phenylethane Boronic Acid, 

3-Nitrophenylboronic Acid, AN0128, Flovagatran, Talabostat, Delanzomib, Perboric acid, 

Dutogliptin, 4-Borono-L-phenylalanine, Tavaborole, Crisaborole, Bortezomib, Ixazomib or 

Vaborbactam. In some embodiments, the diol-ester forming agent is or comprises Boric acid, Phenyl 

boronic acid, 2-formylphenylboronic acid, 4-formylphenylboronic acid, Nitrophenylboronic acid, 

35 Cyclopropylboronic acid, Cyclobutylboronic acid, 2-fluoro-5-nitrophenylboronic acid, 

Diphenylborinic acid, 2,6-bis(trifluoromethyl)phenylboronic, 4-(3-butenylsulfonyl) phenylboronic 

acid, Aminophenylboronic acid, vinylphenylboronic acid, 3-acrylamidophenylboronic acid, 2,4-
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difluoro-3-formyl-phenylboronic acid , 3-(dimethylaminomethyl) aniline-4-pinacol boronate, 

benzoxaborole, benzoxaborin, 3,3-dimethyl benzoxaborole, AN2898, SCYX-7158/AN5568, AN2718, 

AN3661, 3-carboxybenzoboroxole, pyridinylboronic acid, pyrimidineboronic acid, imdazoleboronic 

acid, isoxazoleboronic acid, diphenylborinic acid, Thienylboronic acid, Benzene-1,4-diboronic acid, 

5 phenyldiboronic (1,3-), Phenylethane Boronic Acid, 3-Nitrophenylboronic Acid, AN0128, 

Flovagatran, Talabostat, Delanzomib, Perboric acid, Dutogliptin, 4-Borono-L-phenylalanine, 

Tavaborole, Crisaborole, Bortezomib, Ixazomib or Vaborbactam.  

In some embodiments, the metal cation is a d-block element. In some embodiments, the metal cation is 

10 a transition metal cation, preferably a divalent transition metal cation. In some embodiments, the 

transition metal cation is a divalent Zn, Ni, or Cu cation. A divalent Ni or Cu cation is preferred for the 

purpose of inhibiting the reversible reaction.  

Method for trapping the boron-diol ester 

15 Having demonstrated the general possibility to trap both a 2-formylphenylboronic acid compound, and 

an N-hydroxylamine derivative onto the unmodified gluconylated- (see Example 19), and also onto a 

handle-substituted acylated peptide substrate (see Example 20), it appears conceivable to introduce 

(further additional, and/or orthogonal) reactive handle(s) to the N-terminus of a protein by introducing 

them via a 2-formylphenylboronic derivative, and/or an N-hydroxylamine derivative (Reaction scheme 

20 A). To this end, N-hydroxylamine-PEG derivatives are known in the art (Meadows et al., 2017). An 

N-terminally PEGylated protein substrate could be thus produced, but principally other handles could 

be incorporated into either N-hydroxylamine derivatives, and/or into derivatives of 2

formylphenylboronic acid or its benzoboroxloe tautomer. Methods to synthesize derivatives of 2

formylphenylboronic acid or its tautomer benzoboroxole are known in the art (Lulinski et al., 2007; 

25 Psurski et al., 2019; Kowalska et al., 2016). N-hydroxylamine derivative synthesis is also known in 

the art (Melman, 2010).  

Reaction scheme A. Example of introduction of additional handles to an exemplary azido handle

substituted lactone treated substrate.  

R2 OH 
R3  B' OH 

O HN'R1 N3 
RJN3  HO HO 'N R6 HO HN-R1 

OH OH R H   H HO 

N, N 

OH OH 0 2-formylphenylboronic ON-hydroxylamine R2 acid derivative O R2  derivative B R3 

acylated substrate 
R6 N 

R3 R+ R4 

305 R R5
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wherein, RI is a protein, R2-6 independently additional handle(s) and/or hydrogens, and/or 

combinations thereof In this case, only the 3,4-diol ester is shown although the formation of 2,3- and 

4,5-diol esters are also conceivable. By carefully choosing the exact acylating reagent (carbohydrate 

lactone, or handle-substituted carbohydrate lactone) which allows the subsequent presence or absence, 

5 as well as location of (a) suitable hydroxyl(s) in the acylated substrate, other handle-adducts are 

obtainable.  

In a further aspect the present invention provides the use of a diol-ester forming agent in combination 

with 2-formylphenylboronic acid and an N-hydroxylamine derivative, which allows to trap the diol

10 ester forming reagent for further modulating the hydrolysis rate of an acylated protein, preferably a N

terminally acylated protein according to the present invention.  

An additional handle or additional handles may be introduced to the acylated peptides by means of 

combination of a handle-equipped 2-formylphenylboronic acid, and/or a handle-equipped N

15 hydroxylamine derivative to an acylated protein, or preferably N-terminally acylated protein according 

to the present invention.  

The present invention also provides a method for labelling an N-terminally acylated protein, the 

method comprising contacting the protein with: (i) a 2-formylphenylboronic acid derivative and N

20 hydroxylamine, (ii) 2-formylphenylboronic acid and an N-hydroxylamine derivative, (iii) a 2

formylphenylboronic acid derivative and an N-hydroxylamine derivative or (iv) 2

formylphenylboronic acid and N-hydroxylamine. The N-terminally acylated protein may be an N

terminally acylated protein of the present invention or a naturally occurring N-terminally acylated 

protein, e.g., an N-terminally gluconoylated protein.  

25 

The 2-formylphenylboronic acid derivative and/or N-hydroxylamine derivative may be PEGylated.  

The 2-formylphenylboronic acid derivative may be according to formula (XI): 

R2 OH 

R3 B'OH 

(XI), 

30 wherein each of R2, R3, R4 and R5 is, independently selected from a hydrogen or a handle and the 

derivative comprises at least one handle. In some embodiments, only one of R2, R3, R4 and R5 is a 

handle.
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In any of the above embodiments, benzoboroxloe tautomers of the 2-formylphenylboronic acid or its 

derivative is used in addition to or instead of the 2-formylphenylboronic acid or its derivative.  

The N-hydroxylamine derivative may be according to formula (XII): 

HO'N'R_ 

5 H (XII), 

wherein R6 is a handle.  

The present invention also provides a labeled protein obtained or obtainable by using any one of the 

above methods.  

10 

Method for identifying an acylated protein 

The small Mw mass shift for successful GDL (178 Da) acylation can be observed using traditional 

Tricine-SDS-PAGE for small proteins (K. F. Geoghegan et al. 1999). However, monitoring 

installation of small Mw acyl groups becomes increasingly more difficult for bigger proteins using 

15 "low-tech" gel-based solutions. Cost-prohibitive mass spectrometric machinery such as MALDI-TOF 

or LC/MS may not be available in all standard molecular biology laboratories.  

Thus, in a further aspect, the present invention provides a method for identifying an acylated protein 

according to the invention comprising running a sample suspected of containing an acylated protein on 

20 a diol-interacting, boron-containing acrylamide gel, optionally a methacrylamido phenylboronate 

acrylamide gel. Casting a methacrylamido phenylboronate acrylamide gel is as simple as adding an 

aqueous solution of 3-[(Methyl-)acrylamido] phenylboronic acid derivatives ((M)PBA) to the 

resolving SDS-PAGE gel mixture prior to polymerization (Pereira Morais et al. 2010).  

25 Proteins which have been acylated with a, for example, six-membered 1,5-carbohydrate-lactone such 

as gluconolactone, or 6-azido-6-deoxy-glucono-1,5-lactone, can be distinguished from non-acylated 

proteins by running a control sample of the non-acylated protein alongside a sample suspected of 

containing an acylated protein. Acylated proteins experience a gel shift and tend to run at a higher 

apparent molecular weight than the non-acylated protein.  

30 

In some embodiments, other diol-ester forming agents may be immobilized in the SDS-PAGE gel 

mixture.  

Method for purifying an acylated protein 

35 In a further aspect, the present invention provides a method for purifying an acylated protein 

comprising: (1) binding a sample suspected of comprising the acylated protein onto a solid support
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comprising an immobilized diol-ester forming agent; and (2) eluting the protein. In some 

embodiments, the protein is eluted using a buffer with a pH of 6 or less and/or a buffer comprising 

competing diols. In some embodiments the protein is eluted isocratically, without changing the buffer 

composition, and is separated by elution volume / time.  

5 

In some embodiments, the diol-ester forming agent is Phenyl boronic acid, Nitrophenylboronic acid, 

Cyclopropylboronic acid, Cyclobutylboronic acid, 2-fluoro-5-nitrophenylboronic acid, 

Diphenylborinic acid, 2,6-bis(trifluoromethyl)phenylboronic, 4-(3-butenylsulfonyl) phenylboronic 

acid, Aminophenylboronic acid, vinylphenylboronic acid, 3-acrylamidophenylboronic acid, 2,4

10 difluoro-3-formyl-phenylboronic acid, 3-(dimethylaminomethyl) aniline-4-pinacol boronate, 

oxaborole, benzoxaborole, benzoxaborin, 3,3-dimethyl benzoxaborole, AN2898, SCYX

7158/AN5568, AN2718, AN3661, 3-carboxybenzoboroxole, pyridinylboronic acid, pyrimidineboronic 

acid, imdazoleboronic acid, isoxazoleboronic acid, diphenylborinic acid, Thienylboronic acid, 

Benzene-1,4-diboronic acid, phenyldiboronic (1,3-), Phenylethane Boronic Acid, 3

15 Nitrophenylboronic Acid, AN0128, Flovagatran, Talabostat, Delanzomib, Perboric acid, Dutogliptin, 

4-Borono-L-phenylalanine, Tavaborole, Crisaborole, Bortezomib, Ixazomib, or Vaborbactam. In some 

embodiments, the diol-ester forming agent is Phenyl boronic acid, 2-formylphenylboronic acid, 4

formylphenylboronic acid, Nitrophenylboronic acid, Cyclopropylboronic acid, Cyclobutylboronic 

acid, 2-fluoro-5-nitrophenylboronic acid, Diphenylborinic acid, 2,6-bis(trifluoromethyl)phenylboronic, 

20 4-(3-butenylsulfonyl) phenylboronic acid, Aminophenylboronic acid, vinylphenylboronic acid, 3

acrylamidophenylboronic acid, 2,4-difluoro-3-formyl-phenylboronic acid, 3-(dimethylaminomethyl) 

aniline-4-pinacol boronate, oxaborole, benzoxaborole, benzoxaborin, 3,3-dimethyl benzoxaborole, 

AN2898, SCYX-7158/AN5568, AN2718, AN3661, 3-carboxybenzoboroxole, pyridinylboronic acid, 

pyrimidineboronic acid, imdazoleboronic acid, isoxazoleboronic acid, diphenylborinic acid, 

25 Thienylboronic acid, Benzene-1,4-diboronic acid, phenyldiboronic (1,3-), Phenylethane Boronic Acid, 

3-Nitrophenylboronic Acid, AN0128, Flovagatran, Talabostat, Delanzomib, Perboric acid, 

Dutogliptin, 4-Borono-L-phenylalanine, Tavaborole, Crisaborole, Bortezomib, Ixazomib, or 

Vaborbactam.  

30 The term "competing diol" as used in the present application refers to a compound comprising at least 

two hydroxyl groups that binds to boronic acid and can dislodge the acylated protein from the solid 

support. The competing diol may be, for example, glycerol, Tris, a carbohydrate or a carbohydrate 

derivative.  

35 In some embodiments, the method is performed using boronate affinity chromatography resin which 

may be packed into a column, centrifuge tube or a microplate. It is understood that alternative diol 

binding resins may be employed. For example, benzoboroxole resins can bind spiked glycosylated
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protein in PGL positive (that is non-gluconoylating) E. coli lysate at pH 7.4; i.e. not an E. coli B-strain 

(Rowe, El Khoury, and Lowe 2016). Due to the mode of benzoboroxole diol interaction (C. Chen et al.  

2016), it is therefore conceivable that gluconoylated material should bind just as well, especially after 

an initial IMAC step. Employing benzoboroxole resin may also be beneficial as lower pH values are 

5 required compared to phenylboronic acid resins and may increase purity even further due to stronger 

interaction. A mixed mode affinity purification with IMAC and benzoboroxole purification is 

conceivable, as in addition to IMAC, benzoboroxole chemistry has also been demonstrated on 

monolith column format - possibly allowing higher flow rates compared to traditional agarose or 

PMMA support (H. Li et al. 2012).  

10 

In some embodiments, the method comprises one or more wash steps between step (1) and step (2).  

The wash steps are performed using a washing buffer which does not elute the acylated protein from 

the solid support to a significant extent but is able to remove at least some of the impurities from the 

sample. Thus, the wash step removes further impurities from the sample.  

15 

It follows that this method is also suitable for enriching the proportion of acylated protein in a sample 

and that such an embodiment is also encompassed by the present invention.  

In some embodiments, the acylated protein is a N-terminally acylated protein according to the present 

20 invention.  

In some embodiments, the protein is N-terminally acylated with a gluconoyl residue derived from 

contacting a suitable protein with glucono-1,5-lactone. Because non-target, host-cell derived proteins 

are not as susceptible to the gluconoyl modification, the target protein is preferentially modified and is 

25 thus susceptible to purification as described. This has the benefit that host-cell protein may be removed 

to give purer protein preparations.  

In some embodiments the purified protein may be returned to its unacetylated form by incubating in 

conditions that allow reversibility of the reaction.  

30 

Pharmaceutical compositions 

In a further aspect, the present invention provides a pharmaceutical composition comprising an 

acylated protein of the present invention and a pharmaceutically acceptable carrier and/or diluent. The 

pharmaceutical composition may comprise all or some of the components present in any one of the 

35 compositions described previously.
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A pharmaceutical composition as described herein may also contain other substances. These 

substances include, but are not limited to, cryoprotectants, lyoprotectants, surfactants, bulking agents, 

anti-oxidants, and stabilizing agents. In some embodiments, the pharmaceutical composition may be 

lyophilized.  

5 

The term "cryoprotectant" as used herein, includes agents which provide stability against freezing

induced stresses. Cryoprotectants may also offer protection during primary and secondary drying and 

long-term product storage. Non-limiting examples of cryoprotectants include sugars, such as sucrose, 

glucose, trehalose, mannitol, mannose, and lactose; polymers, such as dextran, hydroxyethyl starch 

10 and polyethylene glycol; surfactants, such as polysorbates (e.g., PS-20 or PS-80); and amino acids, 

such as glycine, arginine, leucine, and serine. A cryoprotectant exhibiting low toxicity in biological 

systems is generally used.  

In one embodiment, a lyoprotectant is added to a pharmaceutical composition described herein. The 

15 term "lyoprotectant" as used herein, includes agents that provide stability during the freeze-drying or 

dehydration process (primary and secondary freeze- drying cycles). This helps to minimize product 

degradation during the lyophilization cycle, and improve the long-term product stability. Non-limiting 

examples of lyoprotectants include sugars, such as sucrose or trehalose; an amino acid, such as 

monosodium glutamate, non-crystalline glycine or histidine; a methylamine, such as betaine; a 

20 lyotropic salt, such as magnesium sulfate; a polyol, such as trihydric or higher sugar alcohols, e.g., 

glycerin, erythritol, glycerol, arabitol, xylitol, sorbitol, and mannitol; propylene glycol; polyethylene 

glycol; pluronics; and combinations thereof The amount of lyoprotectant added to a pharmaceutical 

composition is generally an amount that does not lead to an unacceptable amount of degradation when 

the pharmaceutical composition is lyophilized.  

25 

In some embodiments, a bulking agent is included in the pharmaceutical composition. The term 

"bulking agent" as used herein, includes agents that provide the structure of the freeze- dried product 

without interacting directly with the pharmaceutical product. In addition to providing a 

pharmaceutically elegant cake, bulking agents may also impart useful qualities in regard to modifying 

30 the collapse temperature, providing freeze-thaw protection, and enhancing the stability over long-term 

storage. Non-limiting examples of bulking agents include mannitol, glycine, lactose, and sucrose.  

Bulking agents may be crystalline (such as glycine, mannitol, or sodium chloride) or amorphous (such 

as dextran, hydroxyethyl starch) and are generally used in formulations in an amount from 0.5% to 

10%.  

35 

Other pharmaceutically acceptable carriers, excipients, or stabilizers, such as those described in 

Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980) or Remington: The Science
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and Practice ofPharmacy 22" edition, Pharmaceutical press (2012), ISBN-13: 9780857110626 may 

also be included in a pharmaceutical composition described herein, provided that they do not adversely 

affect the desired characteristics of the pharmaceutical composition.  

5 For solid pharmaceutical compositions, conventional nontoxic solid carriers may be used which 

include, for example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium 

saccharin, talcum, cellulose, glucose, sucrose, magnesium carbonate, and the like. For solution for 

injection, the pharmaceutical composition may further comprise cryoprotectants, lyoprotectants, 

surfactants, bulking agents, anti-oxidants, stabilizing agents and pharmaceutically acceptable carriers.  

10 For aerosol administration, the pharmaceutical compositions are generally supplied in finely divided 

form along with a surfactant and propellant. The surfactant must, of course, be nontoxic, and is 

generally soluble in the propellant. Representative of such agents are the esters or partial esters of fatty 

acids containing from 6 to 22 carbon atoms, such as caproic, octanoic, lauric, palmitic, stearic, linoleic, 

linolenic, olesteric and oleic acids with an aliphatic polyhydric alcohol or its cyclic anhydride. Mixed 

15 esters, such as mixed or natural glycerides may be employed. A carrier can also be included, as 

desired, as with, e.g., lecithin for intranasal delivery. For suppositories, traditional binders and carriers 

may include, for example, polyalkalene glycols or triglycerides.  

In a further aspect, the present invention provides a composition or pharmaceutical composition 

20 according to the present invention for use as a medicament.  

In a further aspect, the present invention provides a method for administering a therapeutically 

effective amount of the composition or pharmaceutical composition according to the present invention 

to a subject or animal. In some embodiments, the method includes modulating the hydrolysis rate of 

25 the acylated and/or conjugated protein.  

Kit 

In a further aspect, the present invention provides a kit comprising a protein and a handle-substituted 

carbohydrate lactone. In some embodiments, the handle-substituted carbohydrate lactone has a five-, 

30 six- or seven-membered ring. In some embodiments, the carbohydrate lactone is a 1,5-lactone. In some 

embodiments, the carbohydrate lactone has a five-, six- or seven-membered ring and C6, C4 and/or C3 

is substituted with a handle. The handle may in accordance with any one of the previous embodiments.  

In some embodiments, the handle-substituted carbohydrate lactone is a lactone derivative of D-ribose, 

35 D-arabinose, D-xylose, D-lyxose, L-ribose, L-arabinose, L-xylose, or L-lyxose, D-allose, D-altrose, D

glucose, D-mannose, D-gulose, D-idose, D-galactose, D-talose, L-allose, L-altrose, L-glucose, L

mannose, L-gulose, L-idose, L-galactose, or L-Talose.



WO 2021/123229 61 PCT/EP2020/087108 

In some embodiments, the handle-substituted carbohydrate lactone is a lactone obtained or obtainable 

by a synthesis method of the present invention.  

5 In some embodiments, the present invention provides a kit comprising: 

(i) a protein; and 

(ii) a compound according to formula (V): 

R 4 

0 0 

R R 

R (V), 

wherein: 

10 (i) R, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

(iii) at least one of R1, R2, R3 and R4 is an azide, and 

(iv) one or none of R1, R2, R and R4 is a methyl.  

15 In some embodiments, R4 is an azide, R' is a hydroxyl, R2 is a hydroxyl and R1 is a hydroxyl. In some 

embodiments, R4 is a hydroxyl, R' is an azide, R2 is a hydroxyl and R1 is a hydroxyl. In some 

embodiments, R4 is a hydroxyl, R' is a hydroxyl, R2 is an azide and R1 is a hydroxyl. In some 

embodiments, R4 is a hydroxyl, R' is a hydroxyl, R2 is a hydroxyl and R1 is an azide.  

20 In some embodiments, the N-terminal amino acid residue of the protein is a Gly, Ala, Ser or His 

residue. In some embodiments, the N-terminus of the protein comprises the amino acid sequence Gly

Gly or Gly-Ala. In some embodiments, the protein comprises a His-tag at the N-terminus.  

In some embodiments, N-terminus of the protein comprises the amino acid sequence Gly-Xaa-Xaa2_ 

25 Xaa3, wherein 

(i) Xaal is an amino acid residue or absent; 

(ii) Xaa2 is an amino acid residue or absent; and 

(iii) Xaa 3 consists of 3 or more His residues. In some embodiments, Xaal and Xaa2 are each 

independently Ser, Gly or Ala. In some embodiments, Xaal is Ser and Xaa2 is Ser.  

30 

In some embodiments, the N-terminus of the protein comprises the amino acid sequence 

GSSHHHHHH or GHHHHHH.



WO 2021/123229 62 PCT/EP2020/087108 

In some embodiments, the N-terminus of the protein comprises the amino acid sequence Gly-Xaa'

Xaa2, and 

(i) Xaa' is Gly, Ser or Ala; and 

(ii) Xaa2 is: 

5 TYSDH, 

TYSAH, 

TYSCH, 

KWSKR, or 

SGSK.  

10 

In some embodiments, the N-terminus of the protein comprises the amino acid sequence GGTYSDH, 

GGTYSCH, GGKWSKR, or GASGSK.  

In some embodiments, the N-terminus of the protein comprises the amino acid sequence G, H, GA, 

15 GG, GH, GI, GP, GV, SH, GAH, GAP, GGH, GHH, GGK, GGS, GGV, RGS, SYH, AHHH, GAAH, 

GASH, GHHH, GSAH, GSSH, SSYH, SYYH, VHHH, GAPTL, GHHHH, GHHHHH, LRFKFY, 

HHHHHH, GASGSKG, GGKWSKR, GGTYSDH, GHHHHHH, GLRFKFY, HLRFKFY, 

KHHHHHH, GHLRFKFY, GSLRFKFY, GSHHHHHH, GSHLRFKFY, GSSHHHHHH, 

RGSHHHHHH, SYYHHHHHHH, A, AH, AHH, GL, GS, GGT, GAA, GAS, GHL, GLR, GSA, GSH, 

20 GSL, GSS, GHLR, GLRF, GAPT, GASG, GGKW, GGTY, GSHL, GSLR, GASGS, GGKWS, 

GGTYS, GHLRF, GLRFK, GSHLR, GSLRF, GSSHH, GASGSK, GGKWSK, GGTYSD, GHLRFK, 

GLRFKF, GSHLRF, GSLRFK, GSSHHH, GHLRFKF, GSHLRFK, GSLRFKF, GSSHHHH, 

GSHLRFKF, GSSHHHHH, HL, HLR, HLRF, HLRFK, HLRFKF, L, LR, LRF, LRFK, LRFKF, R, 

RG, S, SY, SS, SSY, SYY, V, VH or VHH. Preferably, X comprises the amino acid sequence GG, 

25 GHH, GHHH, GHHHH, GHHHHH, GHHHHHH, GSSHHHHHH, GSHHHHHH, GASGSKG, 

GGKWSKR or GGTYSDH.  

In some embodiments, the kit further comprises a diol-ester forming agent. In some embodiments, In 

some embodiments, the diol-ester forming agent is or comprises Boric acid, Phenyl boronic acid, 

30 Nitrophenylboronic acid, Cyclopropylboronic acid, Cyclobutylboronic acid, 2-fluoro-5

nitrophenylboronic acid, Diphenylborinic acid, 2,6-bis(trifluoromethyl)phenylboronic, 4-(3

butenylsulfonyl) phenylboronic acid, Aminophenylboronic acid, vinylphenylboronic acid, 3

acrylamidophenylboronic acid, 2,4-difluoro-3-formyl-phenylboronic acid, 3-(dimethylaminomethyl) 

aniline-4-pinacol boronate, benzoxaborole, benzoxaborin, 3,3-dimethyl benzoxaborole, AN2898, 

35 SCYX-7158/AN5568, AN2718, AN3661, 3-carboxybenzoboroxole, pyridinylboronic acid, 

pyrimidineboronic acid, imdazoleboronic acid, isoxazoleboronic acid, diphenylborinic acid, 

Thienylboronic acid, Benzene-1,4-diboronic acid, phenyldiboronic (1,3-), Phenylethane Boronic Acid,
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3-Nitrophenylboronic Acid, AN0128, Flovagatran, Talabostat, Delanzomib, Perboric acid, 

Dutogliptin, 4-Borono-L-phenylalanine, Tavaborole, Crisaborole, Bortezomib, Ixazomib or 

Vaborbactam.  

5 In some embodiments, the kit further comprises a metal cation. In some embodiments, the metal cation 

is a d-block element. In some embodiments, the metal cation is a transition metal cation, preferably a 

divalent transition metal cation. In some embodiments, the transition metal cation is a divalent Zn, Ni, 

or Cu cation. A divalent Ni or Cu cation is preferred for the purpose of inhibiting the reversible 

reaction.  

10 

In some embodiments, the compound according to formula (V) has a purity of at least 85%, preferably 

at least 95%. The purity may be determined using ID 'H-, ID 3 C-, and/or 2D 'H- 3 C HSQC NMR.  

In some embodiments the compound according to formula (V) is obtained or obtainable through a 

15 method according to the present invention.  

In some embodiments, the kit further comprises a compound comprising a phosphine group (e.g., 

triphenylphosphine with electrophilic trap suitable for a Staudinger ligation), a phosphine derivative 

(e.g., bi- or tri-phenyl aryl ester, thioester, or acyl imidazole suitable for traceless Staudinger ligation), 

20 alkene group, alkyne group (suitable for CuAAC), strained alkyne group (suitable for SPAAC), OCT, 

MOFO, DIFO, DIF02, DIFO3, DIMAC, DIBO, DIBAC (also known as ADIBO), BARAC, BCN, 

Sondheimer diyene, TMDIBO, S-DIBO, COMBO, PYRROC, TMTH, DIFBO, ALO, thioalkyne 

group, keto-DIBO, strained olefin, or oxanorbomadiene group (e.g., trifluoromethyl-substituted 

oxanorbomadiene).  

25 

In some embodiments, the kit further comprises a compound according to formula E-L-M, wherein: 

E comprises a phosphine group (e.g., triphenylphosphine with electrophilic trap suitable for a 

Staudinger ligation), a phosphine derivative (e.g., bi- or tri-phenyl aryl ester, thioester, or acyl 

imidazole suitable for traceless Staudinger ligation), alkene group, alkyne group (suitable for 

30 CuAAC), strained alkyne group (suitable for SPAAC), OCT, MOFO, DIFO, DIF02, DIFO3, DIMAC, 

DIBO, DIBAC (also known as ADIBO), BARAC, BCN, Sondheimer diyene, TMDIBO, S-DIBO, 

COMBO, PYRROC, TMTH, DIFBO, ALO, thioalkyne group, keto-DIBO, strained olefin, or 

oxanorbomadiene group (e.g., trifluoromethyl-substituted oxanorbomadiene); 

L is a linker or absent; and 

35 M is a desired conjugate.
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In some embodiments, M is 1-dehydrotestosterone, a chromophore, actinomycin D, aerogel, agar, 

agarose, alkaline phosphatase, alkylating agent, alumina gel, amino acid, amylopectin, anthracycline, 

antibiotic, antibody, antibody fragment, antigen, antimetabolite, avidin, bacteriophage, bead, beta

galactosidase, biochip, biofilm, biological cell, biotin, bromide, carbon nanotubes, cell membrane, 

5 cellular component, cellulose, Chemiluminescent compound, colchicin, contrast agent, cotton, 

cytochalasin B, cytolytic immunomodulatory proteins, daunorubicin, dendrimers, derivatized plastic 

film, dextran, diazocellulose, dihydroxy anthracin dione, DNA aptamer, DNA damaging inhibitors, 

doxorubicin, drug, elastine-like proteins and peptide, emetine, enzymatic substrate, enzyme, ethidium, 

etoposide, exosome, Extracellular Matrix scaffolds, FICOLL, firefly luciferase, fluorescent protein, 

10 fluorophore, free radical precursors, fullerenes, fuorescent lanthanide chelates, gamma emitting 

probes, glass bead, glass or magnetic support, glucocorticoid, glycan, glycogen, gramicidin D, hapten, 

heparin, hormone, horseradish peroxidase, hydrogel, IgG-binding, infrared emitting probes, inulin, ion 

chelating moiety, isobaric mass tags for mass spectrometry, isotopic mass tags for mass spectrometry, 

latex, layered material, lidocaine, lipid, lipid assembly, Liposomal spherical nucleic acids, liposome, 

15 magnetic bead, maleimide, mannan, mass tags for mass spectrometry, membrane, metal conducting, 

metal nonconducting, microfluidic chip, mithramycin, mitomycin, mitoxantrone, molecular scaffolds, 

multi-well plate, N-hydroxysuccinimide, nanocrystals, nanogel, nanoparticle, near infrared emitting 

probes, nitrocellulose, non-biological microparticle, nucleic acid, nucleoside, nucleotide, nylon, 

oligonucleotide, outer-membrane vesicle, PAMAM, paramagnetic bead, particle, PEG, PEP [a term 

20 describing the modification of proteins with synthetic polypeptides (also known as poly(x-amino 

acid)s)], peptide, phosphorescent dye, photosensitizer, phycobiliproteins, plastic bead, 

poly(acrylamide), poly(acrylate), polyethylene, polymer, polymeric membrane, polymeric 

microparticle, polyol, polypropylene, polysaccharide, polystyrene, polyvinylchloride, porous 

monoliths, procaine, propranolol, protein, psoralen, puromycin, quantum dots, radioisotope, 

25 radionuclides, resin, resonance probe, RNA aptamer, silica gel, silicon chip, spheroids, starch, 

streptavidin, superparamagnetic bead, surfaces, synthetic polymer, tandem dye, taxol, tenoposide, 

tetracaine, toxin, transcription inhibitor, tyramine, vesicle, vinblastine, vincristine, virus, Virus-like 

particles, or xenograft.  

30 In some embodiments, E is any one of the following compounds:
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SF R R 0 

OCT MOFO DIFO DIMAC 

R 

NN TMTH 

wherein R is L-M as described above.  

5 Method for measuring the extent of acylation 

In one aspect, the present invention provides a method for measuring the extent of protein acylation in 

a sample comprising adding a diol-ester forming agent to the sample. The diol-ester forming agent 

may be any diol-ester forming agent previously mentioned.  

10 The method may further involve digesting the proteins in the sample using an enzyme and then 

performing mass spectrometry on the sample. The enzyme may be trypsin.  

In some embodiments, the method is used for determining the extent of gluconoylation and/or 

phospho-gluconoylation.  

15 

Vaccine 

In another aspect, the prestentinvion provides a vaccine comprising the N-terminally acylated 

protein of the present invention. In some embodiments, the N-terminally acylated protein is an antigen.  

In some embodiments, the antigen is conjugated to a VLP (virus-like particle, see Yan et al. 2015). In 

20 another embodiment, the N-terminally acylated protein is a carrier protein, such as the monomer of a 

VLP, and the N-terminally acylated protein is conjugated to an antigen.  

Conjugation between two proteins, for example, a VLP and an antigen, may occur via click chemistry.  

For example, the VLP may be reacted with a heterobifunctional crosslinker comprising a reactive 

25 group that reacts with an amino group and a reactive group that reacts with an azide group. The 

antigen may be reacted with an azide-substituted carbohydrate lactone. The activated VLP and antigen
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may then be contacted to produce a conjugate. An exemplary reaction is shown in Example 17. In an 

alternative embodiment, the VLP is reacted with the azide-substituted carbohydrate lactone and the 

antigen is reacted with the heterobifunctional crosslinker.  

5 In some embodiments, the heterobifunctional crosslinker comprises a bicyclo[6.1.0]nonyne (BCN) 

group and a N-hydroxysuccinimide (NHS) group. The heterobifunctional crosslinker may further 

comprise a linker which covalently links the two chemical groups. The linker may for example, be a 

PEG moiety such as PEG8. In some embodiments, the heterobifunctional crosslinker is NHS-PEG8

BCN as used in Example 17.  

10 

In some embodiments, the azide-substituted carbohydrate lactone is 6-azido-6-deoxy-D-glucono-1,5

lactone.  

In some embodiments, the antigen is derived from a coronavirus (e.g., SARS-CoV-2). In some 

15 embodiments, the antigen is or comprises the receptor binding domain of SARS-CoV-2 (e.g., SEQ ID 

NO: 91) or an antigenic fragment thereof In some embodiments, the antigen is or comprises SEQ ID 

NO: 91 or a sequence that has at least 75, 80, 85, 90, 95, 98 or 99% sequence identity with SEQ ID 

NO: 91. In some embodiments, the antigen is or comprises SEQ ID NO: 91 or a sequence that has at 

least 99% sequence identity with SEQ ID NO: 91. In some embodiments, the antigen may comprise a 

20 purification tag such as a His tag (see, for example, SEQ ID NO: 87).  

SEQID NO: 87 (His tag-RBD) 

GHHHHHHTNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKL 

NDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNY 

25 NYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVV 

LSFELLHAPATVCG 

SEQID NO: 91 (RBD) 

TNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTN 

30 VYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLF 

RKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLH 

APATVCG 

In some embodiments, the VLP comprises a Qbeta coat protein (e.g., SEQID NO: 86). In some 

35 embodiments, the VLP comprises SEQID NO: 86 or a sequence that has at least 75, 80, 85, 90, 95, 98 

or 99% sequence identity with SEQID NO: 86. In some embodiments, the VLP comprises SEQID 

NO: 86 or a sequence that has at least 99% sequence identity with SEQID NO: 86.
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SEQID NO: 86 (Qbeta) 

MAKLETVTLGNIGKDGKQTLVLNPRGVNPTNGVASLSQAGAVPALEKRVTVSVSQPSRNRK 

NYKVQVKIQNPTACTANGSCDPSVTRQAYADVTFSFTQYSTDEERAFVRTELAALLASPLLID 

5 AIDQLNPAY 

The present invention provides the vaccine, composition, N-terminally acylated protein, or handle

substituted carbohydrate lactone of the present invention for use as a medicament.  

10 The handle-substituted carbohydrate lactone of the present invention may be for use in a method of 

eliciting an immune response in an individual or animal, wherein the handle-substituted carbohydrate 

lactone is an adjuvant. The vaccine, composition or N-terminally acylated protein of the present 

invention may be for use in a method of eliciting an immune response in an individual or animal.  

15 The present invention provides the vaccine, composition, or N-terminally acylated protein of the 

present invention for use in a method of treating or preventing a coronavirus-related disorder. The 

coronavirus-related disorder may be SARS (severe acute respiratory syndrome), MERS (Middle East 

respiratory syndrome) and/or COVID-19 (coronavirus disease).  

20 Examples 

Example 1: Synthesis of 6-azido-6-deoxy-D-glucono-1,5-lactone 

Chemical synthesis 

15 mg of 6-azido-6-deoxy-D-glucose (C 6HiN3 0, CAS 20847-05-6; Carbosynth Ltd., Compton, UK, 

Cat. no. MA02620) were transferred into a conical glass flask together with 0.5 mg of Shvo's catalyst 

25 (Alfa Aesar, UK Cat. no. 46884) and 1 mL of cyclohexanone (Alfa Aesar cat. no. A15607.AP). The 

reaction mixture was degassed by passing nitrogen gas for 15 min and then sealed tightly. The 

degassed reaction mixture was kept overnight (18 h) constantly stirring at 50 °C. A colour change from 

light yellow to orange/brown was observed.  

30 The reaction mixture was transferred to microcentrifuge tubes and spun for 15 min at 20,000 g, a dark 

brown precipitate of small size was observed at the bottom. The supernatant was transferred to a new 

tube and 3.5 volumes of hexane were added. A white precipitate was observed immediately. After 

carrying out the precipitation for 15 min at room temperature (RT), the reaction mixture was spun for 

5 min at 20,000g and the tight white pellet was observed at the bottom. After discarding the 

35 supernatant, the pellet was dried under 30 °C, reduced pressure conditions. The dried pellet was 

redissolved in 5:1 mixture of ethyl acetate/acetone and the traces of remaining solids were precipitated 

by spinning for 20 min at 20,000g. The supernatant was transferred to a new tube and spun a second
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time for 20 min at 20,000g. The colourless liquid was evaporated under 30 °C reduced pressure 

conditions yielding amorphous white powdered solid with a yellow hint.  

Characterization 

5 The melting point was determined on a Gallenkamp apparatus and the temperature was measured with 

a calibrated thermometer - the m.p. was 114-118 °C (uncorrected).  

ID 'H and 3 C NMR, as well as 2D 'H - 3C HSQCNMRin DMSO-d6 was performed to compare the 

structure of the present compound against the reference spectra for glucono-1,5 and 1,4-lactone in the 

10 same solvent as described by Bierenstiehl 2004. Solution samples were prepared just prior to spectrum 

acquisition to reduce possible lactone isomerization effects. Sample was dissolved to a concentration 

of ~1.3 - 1.6 mg/mL and spectra were obtained on an 800 MHz instrument with ultra-shielded magnet 

(Bruker, 800 US 2). DMSO-d6 data was obtained at 300 C (controlled) to avoid freezing of the solvent.  

The acquisition time was kept purposefully short, in order to avoid possible isomerization effects in 

15 solution and allowed recording of the dominant carbon signals (C2-C6, Figure 7). Where possible, J 

values are reported, otherwise J values were not accurately obtainable.  

DMSO-d6: 'H NMR (800 MHz, DMSO-d6): 6 4.26 (1H, m, J=2.6, 5.5, 9.4, assigned as H5); 3.90 (1H, 

dd, J= 5.5, 8.1, 5.0, assigned as H2); 3.67 (1H, m, assigned as H6a), 3.57 (1H, m, J=13.5, 

20 2.5, assigned as H6b); 3.60 (1H, m, assigned as H4); 3.50 (1H, m, assigned as H3). 3 C NMR 

(DMSO-d6): 6 78.1 (assigned as C5), 73.8 (assigned as C4), 71.5 (assigned as C2), 68.6 (assigned as 

C3), 50.8 (assigned as C6). The C1 signal was not observed in this particular experiment due to short 

spectral acquisition time. A 'H NMR signal at 3.3 in DMSO-d6 was observed and derives from 

residual H2 0.  

25 

Data analysis and comparison against references 

Comparison of the major 2D 'H - 3C NMR signals obtained in DMSO-d6 to the spectra of both the 

non-azidated glucono-1,4- and the 1,5-lactone in the same solvent (Bierenstiel 2004) showed much 

better agreement with the latter. Non-azidated glucono-1,4- and 1,5-lactone 3 C signals differ in 

30 particular in their C3, C4 and C5 values. The experimentally obtained C3, C4 and C5 3 C values for 

the azidated-compound were in much better agreement with the non-azidated glucono-1,5-lactone.  

This data provides strong evidence for the 6-azido-6-deoxy-glucono-1,5-lactone.  

Whereas the C2, C3, C4 signals were relatively unaffected by introduction of the azide in position C6 

35 compared to the non-azido glucono-1,5-lactone (Bierenstiehl 2004), minor shifts were observed for C5 

and major shifts for C6 signal in both 'H and 3 C NMR spectra, as may be expected for a C6 

substitution.
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Interestingly, several minor 2D NMR signals were observed that, when compared to the non-azidated 

glucono-1,4-lactone (Bierenstiel 2004), provided a good fit for a speculative 6-azido-6-deoxy-glucono

1,4-lactone. In particular C2, C3, and C4 could be matched, whereas no obvious signals for C5 or C6 

5 of a 1,4-lactone could be observed, suggesting that azidation is also affecting their shifts in the 

presumed 1,4-lactone. This observation suggests that small amounts of 6-azido-6-deoxy-glucono-1,4

lactone could be present post synthesis or that the 1,5-lactone can partially isomerise to the 1,4-lactone 

on the timescale of the experiment in solution.  

10 The purity of the 6-azido-6-deoxy-glucono-1,5-lactone of this particular batch was estimated to be 

~88% pure by integration (DMSO-d6).  

Since the structure of the disclosed compound was now elucidated, 2D 'H - 3C HSQC NMR analysis 

of the same material was performed in MeOD-d4 to better enable comparison to the bromine oxidation 

15 product of the azido-glucose in the same solvent (Chaveriat 2006), as well as comparison to the 

literature 'H spectra of the non-azido glucono-1,4-lactone (Walaszek and Horton 1982).  

Once more, solution samples were prepared just prior to spectrum acquisition to reduce possible 

lactone isomerization effects. Sample was dissolved in MeOH-d4 at a concentration of -1.3 - 1.6 

20 mg/mL. MeOH-d4 spectra were obtained at 250 C (controlled). For the 2D experiment, the acquisition 

time was kept purposefully short, in order to avoid possible isomerization effects in solution and 

allowed recording of the dominant carbon signals (C2-C6, Figure 7). For another, separate ID 3 C 

NMR experiment, the acquisition time was extended to allow recording of C1.  

25 6-azido-6-deoxy-glucono-1,5-lactone in solution: 

MeOD (C2-C5): 'H NMR (800 MHz, MeOD): 6 4.22 (1H,m, assigned as H5); 4.02 (1H, d, J=8.4, 

assigned as H2); 3.72 (1H,m, assigned as 6Ha); 3.62 (1H,m, assigned as 6Hb); 3.71 (1H,m, assigned 

as H4); 3.70 (1H,m, assigned as H3). 3 C NMR (MeOD): 6 79.5 (assigned as C5), 73.8 (assigned as 

C4), 71.5 (assigned as C2), 68.4 (assigned as C3), 51.1 (assigned as C6). The 'H NMR peaks 4.8 and 

30 3.3 in MeOH-d4 are the residual H from the OH and CHD2.  

3 C NMR (MeOD, full ID): 6 173.0 (assigned as C1), 80.8 (assigned as C5), 75.2 (assigned as C4), 

73.1 (assigned as C2), 69.9 (assigned as C3), 52.6 (assigned as C6).  

35 Due to absence of 2D NMR data in Chaveriat 2006, it is impossible to compare assigned 'H, but 

careful ranked numerical comparison can still be performed. Detailed comparison of the 'H signals 

from the 2D NMR experiment for the 6-azido-6-deoxy-glucono-1,5-lactone with Chaveriats 1D 'H 

signals, revealed differences between the spectra. In particular, it was observed that that smallest
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chemical 'H shift value of the compound disclosed here is bigger than the smallest chemical shift 

value reported by Chaveriat (3.62 vs. 2.97 ppm). The second lowest chemical shift obtained for the 

compound in this invention was larger than Chaveriat's second lowest one (3.70 vs. 3.15 ppm).  

5 Of note, NMR spectra of glucono-1,5-lactone in DMSO-d6 were highly reproducible between 

different laboratories and instruments in the same solvent (cf. Bierenstiel 2004 and Walaszek 1982 for 
3 C, 1H and J couplings). However, proton NMR was not reproducible for the present compound and 

Chaveriat's compound in MeOH-d4.  

10 Once more, due to absence of 2D NMR data in Chaveriat 2006, it is impossible to compare assigned 
3C shifts, but some assignments and comparison can still be performed. In particular, the C1 and the 

C6 value may be unambiguously assigned. The C1 carbonyl shifts are in very good agreement with 

each other, when comparing to the full ID 3 C spectrum. The 3 C C6 value for the 2D NMR spectrum 

is 2.3 ppm, and the full ID 3 C C6 signal is 0.85 ppm lower when compared to Chaveriats C6 signal.  

15 The four remaining 3C signals for both the full and the 3 C 2D NMRs could not be unambiguously 

matched.  

In conclusion, the comparison of 'H and 3 C NMR spectra for the compound disclosed here with 

Chaveriat's spectrum does not provide unequivocal evidence that identical compounds have been 

20 obtained by aqueous bromine and Shvo oxidation methods.  

To further characterise the compound here and allow additional comparison to additional glucono-1,5

lactone spectra, the compound disclosed here was also analysed in D 20 by ID 'H-, ID 3 C-, 2D 'H- 3 C 

HSQC, and additionally 2D 'H- 3 C Heteronuclear Multiple Quantum Coherence (HMQC) NMR.  

25 

In D 20, the ID proton and ID J-modulated 3 C data showed six distinct proton environments and six 

distinct carbon environments in the molecule consistent with four methine, one methylene and one 

carbonyl group. Superimposition of the 2D 'H- 3C HSQC data (heteronuclear single quantum 

correlation), showing short range coupling, together with the chemical shifts observed allowed once 

30 more assignment of the major signals to the 6-azido-6-deoxy-glucono-1,5-lactone (Figure 8).  

The purity of this separate batch was determined to be > 95% by integration of ID 'H NMR.  

Example 2: Synthesis of 6-azido-6-deoxy-D-glucono-1,5-lactone (crystalline form) 

35 15 mg of 6-azido-6-deoxy-D-glucose were put into a conical flask together with 2 mg of Shvo's 

catalyst and 1 mL of cyclohexanone. The reaction mixture was degassed by bubbling nitrogen gas for



WO 2021/123229 71 PCT/EP2020/087108 

15 min and then sealed tightly. The degassed reaction mixture was kept for 4 h constantly stirring at 45 

°C. A colour change from light yellow to dark orange was observed.  

The reaction mixture was spun for 15 min at 20,000g and a dark brown precipitate of small size was 

5 observed at the bottom. The supernatant was transferred to a new tube and 3.5 volumes of hexane were 

added to the supernatant volume. Upon contact and mixing, a whitish precipitate was observed 

immediately. After carrying out the precipitation for 15 min at RT, the reaction mixture was spun for 5 

min at 20,000g and a tight white pellet was observed at the bottom of the microcentrifuge tube. The 

supernatant was discarded and the wet pellet was resuspended in 5:1 mixture of ethyl acetate/acetone 

10 by vortexing. Traces of remaining solids (red brownish colour) were precipitated by spinning for 20 

min at 20,000g. The supernatant was transferred to a new tube and spun a second time for 20 min at 

20,000g. The supernatant, a colourless liquid, was transferred once more into a new receiving tube and 

was left to evaporate at atmospheric pressure and 22 °C in a microcentrifuge tube in a laminar flow 

chemical hood. Crystalline material was obtained and shown to be 6-azido-6-deoxy-D-glucono-1,5

15 lactone by ID 'H NMR data analysis (D 2 0).  

Example 3: Synthesis of 4-azido-4-deoxy-D-glucono-1,5-lactone 

A 1 mg/mL Shvo catalyst solution was prepared by dissolving Shvo catalyst in cyclohexanone and 

gently vortexing for 1 minute, leaving Shvo catalyst to dissolve for 10 minutes at room temperature, 

20 again vortexing for 1 minute and then pelleting all Shvo catalyst that did not go into solution by 

centrifuging at 20.000 g in a microcentrifuge for 3 minutes. The supernatant was carefully aspirated 

and used in the following experiment.  

25 mg of 4-azido-4-deoxy-D-glucose (C 6HN 3 0, CAS 74593-35-4) was transferred into an oven

25 dried culture glass tube (volume ~10 mL) with PTFE-lined cap using a metal spatula. Approximately 

1.5 mL of a ~1 mg/mL Shvo catalyst solution were added to the reaction vial and the reaction was 

sparged with N2 to remove oxygen. At first the sugar did not go into solution, however after capping 

the glass tube and incubating at 45 °C for ~lh with intermittent vortexing, all particulate had gone into 

solution. The mixture was incubated overnight (16 h total) at 45 °C.  

30 

After retrieving the reactions from the heat block the next day, the 4-azido-4-deoxy-glucose reaction 

showed a yellow orange tint, whereas a control reaction containing Shvo catalyst in solution but 

containing no sugar showed a dark reddish brown colour. No visible residue/precipitate was observed 

in the 4-azido-glucose vial.  

35 

The sugar-containing reaction was transferred to a 1.5 mL standard microcentrifuge tube spun at 

20000 g for 10 minutes at room temperature to pellet any insoluble material.
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The clear supernatant was split across four 1.5 mL microcentrifuges at approximately 330 IL each 

3.5 volumes of hexane were added on top of each aliquot, which at first caused a white precipitate to 

occur. The mixture was vortexed for 20 seconds and was allowed to stand at room temperature for 10

5 15 minutes, followed by centrifugation at 20000 g, at room temperature. This resulted in a syrupy, 

orange brown oil/syrup that pelleted at the bottom of the tube.  

The supernatant was transferred to a 8 mL culture tube glass and an additional 0.6 volumes of hexane 

were added and the volumes were mixed by inversion. The mixture was spun for 20 minutes, 3000 g; 

10 the supernatant was removed, and a clear, syrupy material was observed on the wall of the culture 

tube. This material was washed down with 1 mL of acetone and evaporated with a gentle N2 gas 

stream at normal pressure to give a transparent, colourless syrup.  

This syrup was shown to be 4-azido-4-deoxy-D-glucono-1,5-lactone by a susceptible N-terminal 

15 protein acylation test, which showed the theoretical mass increase upon addition of the 1,5-lactone by 

MALDI-TOF MS. A mock reaction with just the starting material sugar did not result in any mass shift 

(see Table 1).  

Table 1: N-terminal acylation test 

Sample Mass major peak Delta (m/z) observed Theoretical Delta (Da) 

(monoisotopic) 

Peptide alone 3079 N/A N/A 

Peptide incubated with 3079 N/A N/A 

4-azido-4-deoxy-D

glucose 

Peptide incubated with 3282 203 203.05 

substance obtained 

from Example 3 

20 

Example 4: Synthesis of 3-azido-3-deoxy-D-glucono-1,5-lactone 

3-Azido-3-deoxy-1,2:5,6-di-0-isopropylidene-a-D-glucofuranose (CAS 13964-23-3, Cat. No.  

MA06630, Carbosynth UK) was deprotected by acidic hydrolysis. 100 mg of material were dissolved 

in 70 % acetonitrile, 20% H20 and 10 % trifluoracetic acid (v/v). The mixture was heated to 60°C over 

25 several hours to yield the 3-azido-3-deoxy-D-glucose as a syrup. Some small amounts of remaining 

starting material, and only partially cleaved substance was observed by TLC analysis. This did not
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appear to be problematic for the reaction, however purer preparations of 3-azido-3-deoxy-D-glucose 

may be used as well.  

The mixture was frozen at -800 C and lyophilized overnight at low vacuum. The next morning a syrupy 

5 material was observed. The mixture was once more dissolved into a small amount of acetonitrile and 

water as before but not acid was added, frozen and lyophilized once more to remove any remaining 

traces of trifluoracetic acid. Syrupy material was once more obtained. 25 mg of this material was 

transferred into an oven-dried culture glass tube (volume ~10 mL) with PTFE-lined cap using a glass 

Pasteur pipette.  

10 

A 1 mg/mL Shvo catalyst solution was prepared by dissolving Shvo catalyst in cyclohexanone in a 

microcentrifuge tube and gently vortexing for 1 minutes, leaving Shvo catalyst to dissolve for 10 

minutes at room temperature, again vortexing for 1 minute and then pelleting all Shvo catalyst that did 

not go into solution by centrifuging at 20.000 g in a microcentrifuge for 3 minutes. The supernatant 

15 was carefully aspirated and transferred to the culture tube glass containing the azide-sugar.  

Approximately 1.5 mL of a ~1 mg/mL Shvo catalyst solution were added to the reaction vial and the 

reaction was sparged with N 2 to remove oxygen. The mixture was incubated overnight (16 h total) at 

45 °C.  

20 After retrieving the reactions from the heat block the next day, the 3-azido-3-deoxy-glucose reaction 

showed a yellow orange tint, whereas a control reaction containing Shvo catalyst in solution but 

containing no sugar showed a dark reddish-brown colour. No visible residue/precipitate was observed 

in the 3-azido-3-deoxy-glucose vial.  

25 The reaction was transferred to a 1.5 mL standard microcentrifuge tube spun at 20000 g for 10 minutes 

at room temperature to pellet any insoluble material.  

The clear supernatant was split across four 1.5 mL microcentrifuges at approximately 330 iL each 

3.5 volumes of hexane were added on top of each aliquot, which at first caused a white precipitate to 

30 occur. The mixture was vortexed for 20-30 seconds and was allowed to stand at room temperature for 

10-15 minutes, followed by centrifugation at 20000 g, at room temperature. This resulted in a syrupy, 

orange brown oil/syrup that pelleted at the bottom of the tube. The supernatant was transferred to a 6-8 

mL culture tube glass and an additional 0.6 volumes of hexane were added and the volumes were 

mixed by inversion. The mixture was spun for 20 minutes, 3000 g; the supernatant was removed, and a 

35 clear, syrupy material was observed on the wall of the culture tube. This material was washed down 

with 1 mL of acetone and evaporated with a gentle N 2 gas stream at normal pressure to give a 

transparent, colourless syrup.
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Both the first obtained syrupy oil, and the secondly obtained residue on the glass wall were shown to 

contain 3-azido-3-deoxy-D-glucono-1,5-lactone by a susceptible N-terminal protein acylation test as in 

Example 3. The test showed the theoretical mass increase (203.5) upon addition of the 1,5-lactone by 

5 MALDI-TOF MS.  

Example 5: Protein acylation with 6-azido-6-deoxy-D-glucose (6-AGDL) 

Protein acylation 

In order to test the feasibility of modifying the protein with 6-azido-6-deoxy-D-gluconolactone, 20 iM 

10 GSS-H-AffEGFR was reacted with 100 mM 6-azido-6-deoxy-D-gluconolactone in 0.5 M HEPES 

buffer for 1h at room temperature.  

MALDI-TOFMS 

20 iM GSS-H-AffEGFR was reacted with 100 mM 6-AGDL in 0.5 M HEPES buffer (NaOH), pH 

15 7.5 (total volume 50 iL), RT. After 1h 4 iL of concentrated acetic acid were added and 10 il reaction 

mixture aliquot was desalted and prepared for MALDI analysis using 0.1% TFA and final elution into 

10 iL of 700ACN/0.1%TFA C18 ZipTip method. 0.5 iL eluate were mixed 1:1 with 4-chloro-a

cyanocinnamic acid (CCCA, CAS 69727-07-7) matrix [4 mg/mL in 90% acetonitrile (ACN), 0.1% 

trifluoroacetic acid (TFA) (v/v)] and spotted onto a MALDI steel target prior to detection in linear 

20 positive mode MALDI-TOF MS. The extent of acylation was calculated for species which were not 

acetylated within the host expression cell.  

MA LDI TOF-TOFMSIMS 

MALDI-TOF MS/MS studies were performed using argon as a collision gas at 2 kV collision energy.  

25 

LC-MS QTOF 

20 iM GSS-H-AffEGFR was reacted with 100 mM 6-AGDL in the presence of 0.5 M HEPES 

(NaOH), pH 7.5, at RT (total reaction volume 102.5 iL). After 1h the reaction was mixed with 3 IL of 

concentrated acetic acid. A 10 iL aliquot of the TFA-treated reaction mixture was desalted over a C18 

30 ZipTip by repeatedly washing with 0.1% TFA (v/v), followed by elution with 10 IL of 70% ACN 

(v/v), 0.1% TFA (v/v). 8 L of the eluent was then diluted with 0.1 % (v/v) TFA to a final volume of 

16 iL. 10 L of this mixture were subjected to UHPLC-MS on an Acquity UPLC (Waters) coupled to 

a Xevo G2QTOF MS (Waters) on a C18 Reversed Phase CSH column (.Ox 50 mm) (Waters). The 

following solvent system was used at a flow rate of 0.35 mL min-1: solvent A, water containing 0.1% 

35 formic acid (v/v); solvent B, acetonitrile containing 0.1% formic acid (v/v). The column was eluted 

using a linear gradient from 0 to 100% of solvent B over a period of 40 minutes. The extent of 

acylation was estimated as the ratio of the IC peak values for acylated protein divided by the sum of all
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IC value for both acylated and non-acylated protein, that could participate in the reaction from 

deconvoluted MS data.  

Results 

5 Intact acylated and non-acylated protein was chromatographically indistinguishable by LC-MS on a 

C18 reverse phase column. Integration of the peak areas resulted in experimental spectrums showing 

multiple charged species, which upon manual deconvolution exhibited mass values that were in 

excellent agreement with theoretical intact mass adducts. Near complete mono-functionalization was 

observed as indicated by the shift from the non-acylated species at m 14429 (theoretical m 14429) to 

10 the mono-acylated species at m 14633 values (theoretical m 14632) (Figure 1). Double acylated 

product was observed as indicated by the small but detectable appearance of a peak at m 14836 

(theoretical m 14835) (Figure 1).  

Non-reacting species at m 14472, accounting for ~20% percent of total GSS-H-AfflEGFR protein 

15 (Figure 1) were observed. It was confirmed that this peak corresponds to an expression host-derived, 

N-terminally mono-acetylated species (theoretical m 14471) by mass spectrometric sequencing of the 

corresponding tryptic peptide. Consequently, due to the blocked N-terminus of this species, little to no 

reaction with 6-AGDL took place.  

20 In MALDI-TOF MS spectra intact GSS-H6-AffiEGFR in multiply charged states with m/z 14506 (z 

+1), 7242 (z +2), and 4824 (z +3) were observed. The doubly charged species was the most abundant 

species. After reacting with 6-AGDL, almost all ion current for the non-acylated protein (m/z 7242, z 

+2) disappeared and a new peak at m/z 7345 (z +2) was observed in the spectrum. The mass difference 

between the two peaks is 206 u, which is in good agreement with the theoretically expected +203 

25 addition for acylating wit 6-AGDL. The minor deviation may be due to the limitations of MALDI

TOF MS in linear mode in the interrogated m/z range. Furthermore, a small peak at m/z 7445 is 

observed, which probably corresponds to doubly acylated protein species. The remaining peak at m/z 

7264 species represents the N-terminally acetylated variant, which was therefore unaffected by 6

AGDL acylation.  

30 

The extent of acylation for both QTOF MS and MALDI-TOF MS experiments was calculated from 

Total Ion Current (TIC) ratios of free-to-react species.  

The location and extent of off-site acylation by mass spectrometric analysis of tryptic digests was 

35 tested and it was found that off-site acylation occurred as a function of pH. Off-site acylation 

decreased with lowering the pH to 5.5, but so did N-terminal specific acylation with lower pH (~25%).
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At pH 7.3-7.5 87% N-terminal specific-acylation and ~0.8% off-site acylation was observed. Similar 

N-terminal-selective acylation for pH 8.2 was observed, but off-site acylation was increased to ~2.5%.  

Example 6: Conjugation of click-chemistry reagents onto 6-AGDL:substrates via click chemistry 

5 Preparation of 6-AGDL acylated GSS-H-AffiEGFR 

A fresh 360 mM stock of 6-AGDL was prepared by dissolving 5.18 mg of 6-AGDL in 70.8 IL of 

H20. GSS-H-AffEGFR was reacted at 20 M with 100 mM of 6-AGDL in the presence of 0.5 M 

HEPES (NaOH), pH 7.5, RT (-22 °C) for 1 h. The reaction was stopped by addition of acetic acid to a 

final concentration of 0.8 M. After acidification the reaction was transferred to a 10 kDa MWCO 

10 regenerated cellulose spin filter device (Amicon), and then washed 5 times with a 9-fold excess of 0.25 

M HEPES (NaOH) pH 7.5, to remove any remaining free 6-AGDL.  

BCN conjugation to 6-AGDL:GSS-H-AffiEGFR 

3 mg N-[(1R,8S,9s)-Bicyclo[6.1.0]non-4-yn-9-ylmethyloxycarbonyl]-1,8-diamino-3,6-dioxaoctane 

15 (BCN-amine) (Sigma, now Merck KGaA, Cat. No. 745073, CAS No. 1263166-93-3) was dissolved in 

0.5 mL of H20, resulting in a saturated stock solution of -4.6 mM (~1.5 mg/mL).  

6-AGDL acylated GSS-H-AffEGFR was reacted at 20 iM with 2x molar excess (40 IM) of BCN in 

the presence of 0.25 M HEPES (NaOH), pH 7.5 at RT (22 °C) with all the reaction components 

20 equilibrated at room temperature before proceeding (total reaction volume 50 pIL). After 3 h, 

remaining free 6-AGDL and other buffering components were removed using a 10 kDa MWCO 

regenerated cellulose spin filter device b washing 5 times with a 9-fold excess of 100 mM potassium 

phosphate buffer (pH 7.5). A 10 iL aliquot was desalted using a C18 ZipTip, eluting in 10 IL of 70% 

(v/v) ACN, 0.1 % (v/v) TFA. Eluate was mixed 1:1 with CCCA matrix mixture and spotted onto a 

25 MALDI steel target prior to detection in linear positive mode in a MALDI-TOF MS. The extent of 

conjugation was estimated by calculating the ratio between the peak TIC of the conjugated (mi/z) 

species divided by the sum of the TIC values of both conjugated and unconjugated (m2/z) species at (z 

+2).  

[(TIC(mi/z))/(TIC(m/z)+ TIC(nm2/z))]*100%.  

30 

Results 

6-AGDL acylated GSS-H 6-AffiEGFR was produced as before and excess 6-AGDL was removed via 

spin-filtration in native conditions. Near complete (~99%) conversion based on the TICs of m/z 7206 

(z +2) (theoretical m/z 7216, native) and m/z 7309 (theoretical m/z 7317, +6-AGDL) was observed for 

35 acylation with 6-AGDL (Figure 2). Subsequent click chemistry-mediated conjugation of the mono

functionalised, buffer-exchanged 6-AGDL:GSS-H-AffEGFR with BCN-amine also resulted in
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almost complete conversion (~97%) based on TICs of m/z 7309 (z +2) (theoretical m/z 7317, native + 

6-AGDL) and m/z 7471 (theoretical m/z 7479, + 6-AGDL + BCN-amine).  

Example 7: acylating non-His tag comprising peptides 

5 Method 

100 iM peptide [GGKWSKR-Beltidel (PP7), GASGSKG-Beltide-1 (PP8), GG-Beltide-1 (PP9) or 

GGTYSDH-Beltidel (PP10) was acylated with 200 mM 6-AGDL in 1 M HEPES (NaOH), pH 7.5 on 

ice in a reaction volume of 25 iL (adding pre-cooled 95 iL of IM HEPES buffer into single 4 mg

containing 6-AGDL vial, dissolving it within few seconds and quickly transferring 23.75 iL into four 

10 vials each containing 1.25 L of 2 mM PP7, PP8, PP9 or PP10 solution). After 3 h, 5 iL of the 

reaction mixture from each vial was taken for analysis and for the remaining volume an additional 200 

mM 6-AGDL was added (each reaction mixture was transferred into a new Eppendorf tube with dry 

0.8 mg 6-AGDL). The reaction mixture was kept for another 3 h and subsequently overnight at the 

same temperature with 5 iL from each reaction mixture is taken for the analysis at each time point.  

15 

Results 

Surprisingly, Gly-terminated peptides without oligo-His residues showed significant acylation with 50 

mM lactone. For example, ~53% acylation for GGKWSKR-Beltide-1, ~46% for GASGSKG-Beltide

1, ~34-36% acylation for GGTYSCH-Beltide-1 and its derivative GGTYSDH-Beltide-1. The more 

20 susceptible peptides all carried an N-terminal Gly followed by a small residue, like Gly or Ala. In 

comparison a single Gly-residue followed by Arg showed only ~14% acylation (GRGDSPC).  

Surprisingly, introducing a di-Gly motif at the N-terminus of Beltide-1 alone boosted the conversion 

from ~15% for Beltide-1 to ~40% for GG-Beltide-1.  

25 Contrary to previous reports, substantial (>40%) N-terminal gluconoylation - and according to this 

invention more specifically azido-gluconoylation - can be achieved without the presence of His

residues by introducing a second N-terminal Gly residue (NH2-Gly-Gly), conducting the acylation 

reaction at lower temperature and increasing acylating reagent concentration.  

30 Similarly, 46% acylation was observed for GASGSKG-Beltide-1. Thus, it appears that an N-terminal 

glycine followed by a small amino acid residue like a glycine, seine or alanine may be susceptible to 

gluconoylation.  

This was also confirmed using 6-AGDL. Single acylation of GGKWSKR-Beltide-1 peptide with 200 

35 mM 6-AGDL resulted in -83 % acylation. After acylating the peptide once more ~94% singly 

acylated product was obtained. When leaving reaction mixture overnight -95% singly acylated and
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~2% double acylated product could be obtained based on Ion Count (IC) ratios of MALDI-TOF MS 

data.  

Single acylation of GASGSKG-Beltide-1 with 200 mM 6-AGDL yielded ~72% singly acylated 

5 product. After second acylation ~88% singly acylated product was obtained. When left overnight 

~90% of singly acylated and ~1% doubly acylated products were observed.  

GG-Beltide-1 yielded ~72% and ~84% singly acetylated product after first and second acetylation with 

200 mM 6-AGDL, respectively. Incubation of the reaction mixture overnight resulted in ~90% singly 

10 acetylated and ~0.5% doubly acetylated products.  

Single acylation of GGTYSDH-Beltidel with 200 mM 6-AGDL yielded ~85% singly acylated.  

Reacting the singly-treated peptide once more with 200 mM 6-AGDL for 3 h resulted in ~92% singly 

acylated product. Leaving the reaction mixture overnight resulted in ~96% singly acetylated and 

15 ~0.5% doubly acetylated products.  

Example 8: Literature review of gluconoylated His-tagged protein 

A literature review uncovered that the following tags may be susceptible to gluconoylation: H6 , A-H 6 , 

G-Hio, RGS-H, G-H6, G-H8, SYY-H, and GGS-H6. Thus, these tags may also be suitable for 

20 acylating with 6-AGDL.  

Example 9: 6-AGDL:GSS-H6 -AfflEGFR reversibility as a function of pH 

Method 

75 iM GSS-H-AffEGFR was reacted with 100 mM 6-AGDL in 500 mM HEPES (NaOH), pH 7.5 

25 (NaOH) at room temperature (23.8 °C) for 1h by adding buffered protein solution (72 iL) to dry 6

AGDL powder (1.57 mg). The reaction was stopped by addition of acetic acid to 0.8 M. The reaction 

was split over three 3 kDa IWCO spin filter devices, which were washed 5 times with a 9-fold excess 

of the respective storage buffer to remove any remaining free 6-AGDL and other buffering 

components. The final volume of each retentate was adjusted to -90 IL to give -20 IM solutions with 

30 different pH values. Buffer solutions employed were: pH 4.5 [100 mM acetic acid (NH3)], pH 7.5 [50 

mM HEPES (NaOH)], and pH 8.8 [100 mM NH3 (acetic acid)]. The reactions were stored at room 

temperature and 10 L aliquots were taken at each time and desalted using ZipTip C18 resin with 

elution in 10 iL of 70% (v/v) ACN, 0.1 % (v/v) TFA. Eluate was mixed 1:1 with CCCA matrix 

mixture and spotted onto a MALDI steel target prior to detection in linear positive mode in a MALDI

35 TOF MS and acylation extent was determined by calculating the ratio of acylated (miz) and non

acylated (m2/z) protein at the secondary charge state with the following formula 

([m/J(mu/z+m2/)]*100%, z +2).
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Results 

The extent of acylation reversed over time for all conditions tested. More basic solutions exhibited 

faster rates of hydrolysis. Approximately 30% acylation remained at pH 8.8 after storage for ~1 week, 

5 whereas the extent of acylation at pH 7.5 and pH 4.5 remained slghtlyhigh er, with ~60% and ~70% 

respectively.  

Example 10: Reversibility of G-H6 and non-His-Tagged peptides 

Methods 

10 100 pM of G-H 6-Beltide-1, GGKWSKR-Beltide-1 and GGTYSDH-Beltide-1 peptides were reacted at 

4 °C with 6-AGDL in IM HEPES, pH 7.5 by sequentially adding 100 mM 6-AGDL twice in 3 h 

intervals. Extra 6-AGDL was not removed, and the samples were stored at room temperature 

throughout the experiment.  

15 2 iL from each sample were taken at each time point except for day 14. 10 iL of 2% acetic acid was 

added to each timepoint sample and the mixtures were desalted by C18 ZipTip chromatography.  

Eluate was analysed by MALDI-TOF MS as before.  

At day 14 the remaining samples underwent recovery procedure where all of the reaction mixtures 

20 were acidified by adding 20% of reaction volume of 50% (v/v) acetic acid [final concentration 7.57% 

acetic acid (v/v)] and then adding 10% reaction volume of 100% acetonitrile [final concentration ACN 

16.6% (v/v)]. Of this mixture, 15 iL aliquots were taken, cleaned by ZipTip C18 Chromatography and 

analysed by MALDI-TOF-MS instrumentation.  

25 Results 

6-AGDL acylated G-H6 -Beltide-1 peptide showed reversibility down to ~27% remaining acylation 

after storage for 14 days at room temperature (started with 94 %). In contrast, non-His-Tagged 

Beltide-1 containing peptides GGKWSKR and GGTYSDH showed ~64% and ~75% remaining 

acylation respectively. GGKWSKR-Beltide-1 was 85% acylated on day 0 and GGTYSDH -Beltide-1 

30 was 96% acylated on day 0.  

Example 11: effects of metal ions on reversibility of the reaction 

Nickel 

GSS-H6-Beltide-1 peptide was GDL-acylated and extra GDL was removed via C18 SepPack 

35 chromatography. GDL-acylated peptide was dissolved in 100 mM HEPES (NaOH), pH 7.5, 10% ACN 

(v/v) to a final concentration of -100 piM and aliquoted into 0.5 mL LoBind (Eppendorf) 

microcentrifuge tubes. NiSO4 was supplemented to 0, 0.01, 0.1, and 1 mM final concentration from a
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100 mM NiSO 4 stock in H2 0. A control sample was supplemented with a pre-mixed solution of NiSO 4 

and EDTA, to give a final concentration of 1 mM NiSO 4 and 5 mM EDTA [stock solution 10 mM 

NiSO4 and 50 mM EDTA (NaOH neutralized)]. The samples (50 pL volume each) were kept in a 

water bath at 37 °C. Aliquots of 2 iL were taken on day 1, 3, 5, and 7, mixed with 10 iL of 5% acetic 

5 acid, purified by C18 ZipTip chromatography and analysed by MALDI-TOF-MS instrumentation.  

Supplementation with low concentrations of NiSO 4 seemingly abolished reversibility all together for 

the period tested.  

10 Zinc 

GSS-H6-Beltide-1 peptide was GDL-acylated and extra GDL was removed via C18 SepPack 

chromatography. GDL:peptide was dissolved in 100 mM HEPES (NaOH), pH 7.5 with or without 

ZnSO4 (0.2 mM and 2 mM) to a final concentration of -100 pM. ACN was added to 10% v/v to 

reduce possible nanodisc formation and precipitation of the peptide to the plastic microcentrifuge wall.  

15 The reaction mixtures (100 L volume each) were kept in a water bath at 37 °C. Aliquots of 2 IL were 

taken at day 3, mixed with 10 iL of 5% acetic acid, purified by C18 ZipTip chromatography and 

analysed by MALDI-TOF-MS instrumentation. The sample on day 7 underwent a 'peptide recovery' 

procedure, as limited peptide was observed in solution. The remaining reaction mixture (80 iL) was 

acidified by adding 50% (v/v) acetic acid. The amount of acetic acid to be added was calculated as 

20 20% of the remaining reaction volume [final concentration 7.57% acetic acid v/v]. Likewise, 10% 

reaction volume of 100% acetonitrile were added (final concentration acetonitrile ~16.6% v/v) and the 

reaction was mixed by quick vortexing. Of this mixture, 15 iL aliquots were processed via C18 

ZipTip chromatography and analysed by MALDI-TOF-MS instrumentation. We speculate that the 

peptide had bound to the microcentrifuge wall and assumed that the precipitation affected both 

25 acylated and non-acylated species equally.  

Near quantitative acylation was observed at the beginning of the experiment. A marked difference in 

the extent of acylation for sample stored in ZnSO 4 containing buffers could already be discerned after 

3 days in comparison to the control. On day 7 of incubation, the control sample without ZnSO 4 showed 

30 extensive reversibility, with only ~7% acylated peptide remaining. In contrast, samples that were 

stored under identical conditions but in the presence of 0.2 mM, or 2 mM ZnSO4 showed ~80% and 

~75% remaining gluconoylation.  

Copper 

35 1 mM G-H-Beltide-1 (~1 mg of peptide) was acylated with 100 mM GDL in 200 mM HEPES 

(NaOH) pH 7.5 for 1 h at room temperature in a total volume of -300 IL. Upon addition of buffer to 

peptide but before addition of GDL, precipitation was clearly observed. This precipitation may be due
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to the theoretical pI of G-H6 -Beltide-1 being close to pH 7.5, or because G-H-Beltide-1 is a Beltide-1 

variant. Beltide-1 is known to form nanodiscs in solution upon contact with membrane proteins or 

lipid components (Midtgaard et al. 2014; Martos-Maldonado et al. 2018). GDL was added to 100 mM 

from a freshly prepared 1 M stock solution. The solution remained cloudy. Upon addition of ACN to 

5 10 % v/v the solution cleared up immediately, indicating the dispersal of any precipitate or possible 

nanodiscs. After 1 h of addition of GDL, the reaction was acidified with 100 IL of 50% acetic acid 

(~8.7 M) to give a final concentration of > 2 M acetic acid in solution, overwriting any buffering 

capacity imposed by HEPES buffer, gluconic acid or remaining GDL. Unreacted and hydrolysed GDL 

was removed by binding the acidified peptide to an equilibrated Sep-Pak C18 cartridge and washing 

10 with 6 mL aqueous 0.1% TFA (v/v). The peptide was eluted with 5 mL of 70% ACN (v/v) acidified 

with 0.1 TFA (v/v) and aliquoted over fourteen 1.5 mL LoBind Eppendorf tubes followed by freeze

drying. Upon reconstitution with 350 iL each vial was assumed to contain a solution with -100 IM 

concentration. The acylated peptide was analysed by MALDI-MS and initial acylation extent was 

estimated to be ~96%, stored at -200C until further usage.  

15 

To reconstitute peptide, aqueous 20% ACN (v/v) was added with 2x buffer strength (100 mM) to give 

a peptide reaction master stock at 2x concentration (peptide at 40 iM). The resuspension was mixed 

by vigorous vortexing and aliquoting into standard 0.5 mL reaction vials (CuSO 4 trials were performed 

in Heathrow Scientific HD4422 microcentrifuge tubes) that contained pre-prepared buffer conditions.  

20 For a typical reaction setup, the order of addition was: water, additives such as CuSO 4 and finally 

addition of 2x peptide reaction master stock at 2x concentration to yield 1x with a final concentration 

of ~10% ACN (v/v), 50 mM buffer, various concentrations of additives and 20 iM peptide. Samples 

were mixed by gentle flicking (2-3 times) and shake down by hand. Samples were incubated in a water 

bath at 37 °C. 10 iL samples were withdrawn for each timepoint and acidified with 5 iL of 20% acetic 

25 acid followed by Zip Tip clean-up and spotting in Cl-CCA matrix on MADLI-TOF MS steel target.  

The results are shown in Figure 3. Samples mixed with CuSO4 showed a decreasing rate of 

reversibility as a function of increasingCuSO 4 concentration.  

30 Example 12: Effect of boric acids on reversibility of 6-AGDL acylated GSS-H-Beltide-1 

Method 

pH 4 buffer was prepared by combining 945 iL of acetic acid (100%) with ~10 mL of H20, followed 

by titration to pH 4.01 using -900pL of 4 M NaOH. The volume was then made up to 15 mL to give a 

1 M stock solution.  

35
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pH 6 buffer was made by preparing a 1 M stock solution of citric acid monohydrate and by making a 

solution of 1 M sodium citrate dehydrate. The two solutions were mixed to give a 1 M stock solution of 

pH 6.  

5 pH 7.5 buffer was made by mixing a 1 M stock solution of potassium phosphate monobasic with 1 M 

solution of potassium phosphate dibasic to give a pH of 7.5.  

pH 8.8 buffer was prepared by titrating 1 M solution of acetic acid with ammonium solution to give 

pH 8.8.  

10 

20 iM 6-AGDL modified peptide was stored in 100 iL aliquots in 200 mM buffer as indicated. The 

vials triplicatess) were incubated in a 37 °C water bath throughout the experiment and were retrieved 

for sample acquisition for <30 mins at room temperature before they were returned to the water bath.  

15 10 L of subsamples for pH 4, 6 and 8.8 were acidified with 5 iL of 20% (v/v) acetic acid and 

subjected to C18 ZipTip purification. Samples were analysed in positive reflectron mode with 

MALDI-TOF MS.  

pH 7.5 samples were stored in the presence of 10% ACN (v/v) to counteract precipitation. For pH 7.5 

20 samples, 15iL aliquots were taken for each time point and desalted using 0.1% TFA-70% ACN/0.1I% 

TFA C18 Zip-Tip procedure. 0.5 pL of the Eluate was mixed 1:1 with CCCA matrix mixture and 

spotted onto a MALDI steel target prior to detection in reflector positive mode MALDI-TOF MS.  

Results 

25 Reversibility was effectively inhibited over a period of 7 days at 37 °C with >50 mM boric acid at pH 

8.8, whereas non-boric acid treated samples quickly reversed to their non-acylated state.  

Supplementation with boric acid modulated the reversibility at pH 6, whereas no effect was observed 

in acidic condition (pH 4). Less boric acid supplementation was required to reach similar protection at 

neutral to slightly basic pH (>7.5) conditions compared to more acidic conditions (pH 6). Least boric 

30 acid supplementation was required in alkaline conditions (pH 8.8) with 5 mM boric acid 

supplementation providing a better protective effect as compared to 100 mM boric acid at pH 6.  

Surprisingly, the addition of boric acid at the concentrations tested here (50 mM) did not measurably 

inhibit the serine protease trypsin and allowed mapping of the acylation label to the N-terminal 

35 peptide. Without including boric acid in the sample, the extent of acylation may be underestimated.  

This is because trypsin digests are most preferably performed at alkaline pH (-pH 8.4) and elevated 

temperature (37 °C), conditions at which trypsin shows the highest activity, but the acylation
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modification also reverses most rapidly. Hence boric acid protects the reversal of the acylation 

modification and allows to assess the true extent of labelling, whereas excluding boric acid or another 

suitable diol-ester forming agent would allow the modification to reverse throughout the time course 

of the enzymatic digestion.  

5 

Noteworthy, boric acid also protected endogenously derived non-azido gluconoyl modification (from 

E. coli BL21 expression) and addition of boric acid may be used to allow more accurate quantification 

of the extent and mapping of the position of any in vivo derived gluconoylation. Characterizing the 

extent of in vivo gluconoylation and phospho-gluconoylation is often performed analysis for 

10 therapeutic recombinant proteins and is in some cases required by the FDA for novel drug applications 

and/or biosimilar approval. However, up until now these analyses have been performed without diol

ester forming agents which protect the modification, thus the extent of the modification may be 

underestimated in the currently employed assays.  

15 Example 13: Benchmarking achievable extent of acylation and selectivity for 6-AGDL against 4

methoxyphenyl 2-azidoacetate 

Method 

4-methoxyphenyl 2-azidoacetate (4MPAA) stock was prepared by diluting light yellow, oily substance 

(10.14 mg) to a final volume of 49 iL with ACN to give a 1 M stock solution. This stock solution was 

20 diluted 1:40 with ACN [195 iL ACN to 5 iL of IM stock 4MPAA] to give 25 mM reaction stock and 

was used to supply 4MPAA to the reactions.  

6-AGDL was prepared by dissolving 3.21 mg of white powder in 16 pL H20 to give a 1 M stock 6

AGDL solution. This solution was used to supply to the reaction.  

25 

Peptides were reacted at 1 mM in a volume of 25 iL in 200 mM HEPES buffer at pH 7.5, 10% (v/v) 

ACN (final concentration) at 4 °C or 22 °C (RT) for the times indicated. ACN was supplied to 4MPAA 

samples as the solvent for the reagent and the ACN concentration in the final sample was also 10% 

(v/v). 2.5 iL ACN was supplied to 6-AGDL samples to help dissolve G-H-Beltide-1 which was 

30 visibly precipitating [final concentration ACN 10% (v/v)].  

5 iL reaction mixture were withdrawn after 1, 18 and 24 h, mixed with 45 iL H20 to give a 100 iM 

peptide solution, which was acidified with 25 iL 20% (v/v) acetic acid [final concentration of 1.18 M 

acetic acid]. 10 iL ofthis preparation was used a substrate for standard C18 Zip Tip purification.  

35 

Results
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Both base peptides, G-H6 -Beltide-1 (PP1), and GSS-L-Beltide-1 (PP6) were modified using 4MPAA 

or 6-AGDL at all temperatures tested.  

100 mM 6-AGDL treated peptide PP1 was quickly mono-functionalized (>98%) within 1 hour upon 

5 addition of 6-AGDL at both 5.4 °C and RT (23 °C) with very little off-site acylation (~0.3%). In 

contrast, acylation with 2.5 mM 4MPAA showed only ~10% (5.4 °C) or ~19% (RT) of mono

functionalized peptide (Table 2).  

The same extent of acylation as previously reported for acylation of 1 mM PP1 (G-H-Beltide-1) with 

10 2.5 mM 4MPAA at 4 °C over a period of 24 h [previously reported 92% mono-, 8% di-functionalised 

protein (Martos-Maldonado et al. 2018)] was not observed. When PP1 was reacted with 2.5 mM 

4MPAA for 24 h at 5.4 °C, 60% mono-functionalization with ~5% dual-functionalization was 

obtained. It was speculated that the preparation of 4MPAA used may not have been as pure as the 

reported one. Upon increasing the concentration of 4MPAA to 4 mM, ~ 6 7 % mono-functionalized 

15 peptide could be obtained for PP1, albeit at the cost of increasing offsite dual-functionalization (~7

8%) (24 h, 5.4 °C).  

Compared to PP1, PP6 was less reactive with any acylation reagent tested after reacting for 1 h.  

Nevertheless mono-functionalised peptide was observed at over >80% at either temperature after 1 h 

20 incubation with 100 mM 6-AGDL. Importantly, mono-functional acylation to > 98% with little dual

functionalization (~0.8%) could still be obtained, when incubating with 100 mM 6-AGDL at 5.4 °C for 

prolonged periods (18 or 24 h). In contrast, acylation of PP6 with either 2.5 mM or 4 mM 4MPAA for 

the same amount of time resulted in only ~40%, and ~53% when incubated at 5.4 °C. Strikingly, 

significant dual-functionalisation was observed as a function of increasing 4MPAA concentrations 

25 (~5%, and ~10%).
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Example 14: mP-AGE for low-cost analysis of (azido)-gluconoylated proteins 

It has previously been shown that singly-gluconoylated proteins up to 16.7 kDa Mw can be resolved 

with methacrylamido phenylboronate acrylamide gel electrophoresis (mP-AGE), a modified SDS

PAGE matrix that relies on the dynamic equilibrium between boronic acid derivative and 1,2-, as well 

5 as 1,3-diols (Pereira Morais et al. 2010). mP-AGE gels are not yet commercially available; however, 

several facile synthesis routes exist for the polymerizable 3-[(Methyl-)acrylamido] phenylboronic acid 

derivatives [(M)PBA], of which PBA has also recently become commercially available from Sigma 

(now Merck) (Cat. No. 771465-IG) (Morais et al. 2012, 105; D. Li et al. 2015). Casting mP-AGE gels 

is as simple as adding an aqueous solution of (M)PBA to the resolving SDS-PAGE gel mixture prior 

10 to polymerization (Pereira Morais et al. 2010).  

This approach was tested by acylating and resolving a small number of model proteins with mP-AGE 

and traditional SDS-PAGE (see Figures 4 and 5).  

15 Example 15: Selective enrichment of an azido-gluconoyl-variant species from a mixture of acylated 

and non-acylated protein 

Sample preparation 

GSS-H 6-AfflEGFR was essentially produced as before in a gluconoylation deficient E. coli 

BL21(DE3) derivative strain. We acylated the protein as before with 6-azido-6-deoxy-glucono-1,5

20 lactone (6-AGDL), excess 6-AGDL was removed by spin-filtration, and the extent of acylation was 

determined to be ~80% by MALDI TOF-MS. We spiked 1.6 iL of the acylated preparation at -125 

iM with 500 pL of non-acylated GSS-H-AffiEGFR at 157 pM. 62.5 pL of 4 M NaCl was added 

(final conc. -330 mM) and 200 iL of 25 mM AmBic pH 8.5 was added. This translates to -490 excess 

of non-acylated compared to acylated protein. A subsample (20 piL) was taken for ZipTip C18 prior to 

25 BAC purification.  

Resin preparation 

50 iL of slurry [m-Aminophenylboronic acid-agarose bead support (Sigma)] were transferred to a 

spin column (0.22 pm pore size, hydrophilic PVDF membrane, 0.5 mL volume, non-sterile, Sigma 

30 Cat. No. UFC30GVOO). 500 L water were added and the column was spun for 30 seconds at 5000 

RPM (-1677 g) in an Eppendorf MiniSpin centrifuge at room temperature. The flow-through was 

discarded and 500 pL of 25 mM AmBic pH 8.5 were added. The mix was spun as before and the flow

through was discarded.  

35 Sample binding
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600 pL of the mixed sample were contacted with the equilibrated resin at 40C for 30 mins. The resin 

protein mix was mixed every 10 minutes by gentle pipetting. The column was centrifuged as before 

and the flow-through was collected as a fraction.  

5 Washing 

The column was incubated with 500 pL of 500 mM NaCl, 25 mM AmBic pH 8.5. The mixture was 

mixed by gentle pipetting on the column, followed by centrifugation as before. The flow-through was 

collected as fraction "wash 1". This procedure was repeated for a total of 5 times to give fraction 

''wash 2", "wash 3", "wash 4" and "wash 5".  

10 

Elution 

60 iL of 200 mM ammonium acetate at pH 4.0 were added to the resin and elution was allowed to 

take place over 5 minutes at room temperature. The elution was collected by centrifugation into a new 

clean tube (fraction "Eluate target #EL").  

15 

Sample processingforMALDI TOF-MS 

Samples were Zip Tipped (C18) as before and spotted onto a MALDI steel target plate in MALDI 

matrix. Samples were shot in positive linear mode to determine the relative abundance of species.  

20 Results 

The spectra of the non-purified, spiked mixture did not show any ion current for the azido

gluconoylated species. However after BAC enrichment, the species is clearly visible and makes up 

~68.2% [z 1; (2103.9)/(2103.9+979.2))=0.682%o], ~71.4% [z 2; (3897.3/(3897.3+1559.2))=0.714], 

~75.6% [z 3; (672.5/(672.5+216.5))=0.756] of the respective charge state species. Assuming that the 

25 initial concentration before enrichment was ~0.2% (490-fold lower than the non-acylated species), this 

represents ~350-fold enrichment of the acylated species over the non-acylated one.  

The expected m/z at z 1 for the Met-cleaved protein, based on the primary amino acid sequence 

obtained from DNA sequencing, is 14421.0055 Da, whereas the average Mw would be expected to be 

30 14430.0533. The observed m/z values at z 1, 2 and 3 are in good agreement with the theoretical m/z 

values for non-acylated protein in the top row. Mono-azido-gluconoylated species would be expected 

to display a m/z increase of 203.5 at z 1 and 101.75 at z 2 respectively. The observed m/z at z 2 of 

7317.3 gives a delta of 102.8 m/z in combination with the m/z at z 2 of 7214.5, which is in excellent 

agreement with a mono azido-gluconoylated protein.  

35 

The example demonstrates that variant gluconoyl residues, such as 6-azido-6-deoxy-gluconoyl can be 

also selectively enriched via their diol function.
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Elution methods are several-fold, either a drop in pH, or competition with a diol, e.g. glycerol, Tris, or 

a sugar, and sugar derivatives may be used to compete the acylated molecule off the solid support.  

Since the interaction is dynamic covalent, prolonged incubation with excess binding buffer also allows 

5 isocratic elution.  

The outlined method has the advantage that non-acylated species do not need to be removed by other, 

more tedious techniques such as ion-exchange, which requires fine-tuning, whereas BAC is a general 

affinity method and is expected not to require extensive optimization.  

10 

Example 16: Selective enrichment of an azido-gluconoyl-variant species from a mixture of acylated 

and non-acylated protein using an on-line system 

Column equilibration 

A commercially available TOSOH TSKgel Boronate-5PW column was also tested for resolving 

15 acylated from non-acylated substrates according to the invention on a standard HPLC system (Cat. No.  

0013066, Tosoh Biosciences GmbH, Germany; 7.5 mm internal diameter x 7.5 cm length with 100 nm 

(1000 A) pore size made of polymethacrylate base material bonded with m-aminophenyl boronate).  

The mobile buffer was 100 mM ammonium acetate (pH 8.5) and was used at a flowrate of 0.5 mL/min 

throughout.  

20 

Sample preparation and application 

Native, as well as a mixture of native and 6-azido-6-deoxy-D-glucono-1,5-lactone treated sample (G

H6-ANSpyCatcher, purified by single step immobilized metal-affinity chromatography to >90% by 

SDS-PAGE stained with Coomassie Blue) were sequentially applied to the column (20 IL of a 200 

25 pM sample in pH 4.5 ammonium acetate buffer, 10 mM). In case of the sample contacted with 6

azido-6-deoxy-D-glucono-1,5-lactone, excess acylating reagent was first removed by repeated spin 

filtration through a 3 kDa MWCO, prior to loading onto the diol-binding column. The analytes were 

continuously detected at 280 nm.  

30 Results 

Whereas the native protein eluted in only in a single peak, the sample mixture was resolved as two 

species - one peak with the retention time of the unmodified material and a new, later eluting peak.  

Peak fractions were collected manually for each peak, acidified, desalted (ZipTip C18) and subjected 

to MALDI-TOF MS intact mass analysis in linear positive mode as before. The material collected 

35 from the earlier eluting peak was indistinguishable from the untreated starting material by mass, 

whereas the later eluting peak only showed the expected mass for a singly modified species. No
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unmodified starting material, nor immobilized metal-affinity chromatography associated peptide or 

protein contaminants were identified in the mass spectrum of the later eluting peak.  

Example 17: Manufacture of a vaccine for the prevention of SARS-CoV-2 

5 Method 

Qbeta VLPs (SEQ ID NO: 86) were produced in E. coi. 5 mg/mL Qbeta VLPs were activated with 2 

mM NHS-PEG8-BCN (CAS. 1608140-48-2; SiChem Cat No. SC-8108) for 2h at room temperature in 

PBS pH 7.4. Excess label reagent was removed by spin filtration into 50 mM borate pH 8.2 using 100 

kDa MWCO spin filter (PES membrane).  

10 

The receptor binding domain (RBD) of SARS-CoV-2 (SEQ ID NO: 87) was recombinantly produced 

in HEK293 or Pichia pastoris cells, purified by Ni-NTA affinity, and size exclusion chromatography, 

and then stored in PBS at 1 mg/mL. The RBD was activated with 100 mM 6-AGDL in 200 mM 

potassium phosphate buffer (pH 7.5) for 80 minutes at room temperature prior to spin filtration into 50 

15 mM borate pH 8.2. The final concentration of the activated RBD was 2 mg/mL and the solution was 

stored at 40 C until further usage.  

Activated RBD and activated Qbeta were contacted at a 4:1 molar ratio for 14h overnight at 40 C. The 

conjugation reaction was analysed by SDS-PAGE. Excess RBD was removed by gel filtration 50 mM 

20 borate pH 8.2.  

The conjugate material was then used to immunize mice at 10 Ig per dose formulated in AddaVax 

(Invivogen) according to the manufacturer on Day 0. Boosts with the same dose and formulation were 

performed on day 14 and day 28. Sera samples were taken before each immunization for 

25 immunological studies. Animals were sacrificed on day 42.  

Endpoint ELISA were performed according to standard procedures known in the art against non

activated HEK-produced RBD.  

30 Pseudovirion neutralization assays were performed with samples obtained at day 42 according to 

standard procedures known in the art.  

Live virus neutralization assays were performed with serum samples from day 42. Inhibition of 

infection and/or replication of the SARS-CoV-2 virus (hCoV19, D614G(S)) was tested on Vero E6 

35 cells in vitro with quantitative PCR (qPCR) as read-out.
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Quick-RNA viral kit (Zymo Research) was used to extract RNA and was performed in a BSL-3 lab 

following manufacturer's conditions and starting from 150 iL of supernatant from infected/challenged 

cells at 48h post infection (0.1 MOI). Sensifast cDNA synthesis kit (Meridian) was used following the 

manufacturer's instructions. Specifically: 4 pl of 5X buffer + 1 iL transcriptase + 12 iL RNAse 

5 free water + 3 iL of RNA extracted in the previous procedure. Final volume = 20 IL. Incubation 

times: 10 min at 25 0C / 15 min at 420C / 5 min at 850C / Hold at 40 C.  

CFX384 Touch Real-Time PCR Detection System, Biorad was used for quantitation: Hold stage: 500 C 

15 min + 950C 1 min (Ramp = 1,6 0C / sec), PCR: 950 C-10 sec + 60°C-1 min X 40 cycles. (Ramp = 

10 1,6 0C / sec) using the 2020 Center of diseace control (CDC) NI primers and probe set targeting the 

nucleocapsid "N" gene of SARS-CoV-2. FW: 5'- gaccccaaaatcagcgaaat-3' (SEQ ID NO: 88) RV: 5'

tctggttactgccagttgaattg-3' (SEQ ID NO: 89) probe: 5'-FAM-accccgcattacgtttggtggacc-BHQ1-3' (SEQ 

ID NO: 90). Sensifast SYBR No-ROX kit (Meridian), was used following the manufacturer's 

instructions. Specifically: 5 pl of Sensifat PCR mix (Taq included)+ 0,5 IL of each primer (18uM 

15 stock) + 0,5 iL FAIM primer (5uM stock) + 3,5 il of the viral/sample RNA. Final volume = 10 IL.  

Samples were processed in triplicates. Cq values are plotted as symbols, with the arithmetic mean 

plotted as a line with error bars (standard deviation) shown in grey. Typically, human convalescent 

sera showed Cq values 22-23 in this assay and are known to be protective. Hence the cut-off was set at 

20 Cq 22 (mean) to call protective correlates for the mice sera.  

Results 

Contacting activated RBD with activated VLPs produces a conjugate band as observable by reducing 

SDS-PAGE, whereas reaction of activated VLPs with non-activated RBD does not show the expected 

25 adduct band (see Figure 9). In non-reducing conditions covalent decoration of the disulphide-linked 

hexamer and pentamers with the RBD can be observed, showing multiple high molecular weight 

adduct bands.  

The reduced adduct band was excised, destained, alkylated, proteolytically digested. MALDI-TOF 

30 MS/MS analysis revealed the presence of both Qbeta and RBD derived peptides, confirming the 

covalent conjugation of the two proteins (data not shown).  

Immunization studies showed that RBD conjugated to VLPs produced a response after a single 

injection (post primer, see Figure 10A). ELISA titres showed a detectable anti-RBD response in the 

35 Qbeta:RBD conjugated group only, whereas adjuvanted RBD alone, or Qbeta VLPs alone did not 

show a measurable response. Hence serum conversion could be achieved with a single administration 

of the conjugate vaccine, but not with the monomeric AddaVax adjuvanted RBD formulations.
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The anti RBD titres could be boosted upon subsequent immunizations. Surprisingly, simply 6-AGDL 

activated RBD that was not multimerized onto VLPs also showed improved immunogenicity 

compared to the non-activated RBD (8 out of 8 mice seroconverted) with higher anti-RBD titres, 

suggesting that in this particular formulation, that the treatment with the 6-AGDL linker itself can act 

5 as an adjuvant (see Figure 10B).  

Correlation of the immune response with viral inactivation was queried in a pseudotyped virus assay.  

The best results were obtained in the Qbeta:RBD conjugated group at day 42 (after a total of 3 

immunizations) (see Tables 3 and 4). Surprisingly, the activated RBD performed better than the non

10 activated RBD, even without conjugation to a VLP scaffold.  

Table 3: Pseudovirus neutralization capacity 

Group % of neutralization at dilution 1:300 

Qbeta 17.24 

RBD(HEK) 20.86 

RBD(HEK) 6-AGDL activated 43.44 

RBD(HEK) 6-AGDL linked to Qbeta 71.63 

rabbit control polyclonal Abs 99.62 

Table 4: Pseudovirus neutralization capacity 

Group 50% neutralization titer (1:x) 

RBD(HEK) 6-AGDL activated 258 

RBD(HEK) 6-AGDL linked to Qbeta 798 

rabbit control polyclonal Abs 1326 

15 

The superior performance of multimerized RBD was also observable in a live virus neutralization 

assay using SARS-CoV-2 as a challenge. Once more the RBD linked to Qbeta via the azide linker 

showed neutralizing activity (Cq >22) in vitro for all animal sera tested (n=8), whereas monomeric 

AddaVax adjuvanted RBD only induced protection in 3 out of 8 sera tested, even after three 

20 immunizations (see Figure 11). Interestingly, the activated RBD also appears to perform better than 

just the RBD, inducing neutralizing responses in 5 out of 8 mice sera. Protective responses were also 

obtained using Pichia pastoris produced protein instead of HEK293 produced RBD using the same 

conjugation approach.  

25 Example 18: Additional boron-containing reagents to modulate reversibility 

Method
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To explore the reversibility modulating effect of various boron-containg molecules, a small library of 

reagents was tested at pH 7.5 (50 mM HEPES / NaOH buffer) and pH 6.8 (50 mM phosphate / KOH 

buffer). The capacity of the reagents to inhibit the reaction was tested at 5 mM concentration on 50 

pM of an N-terminally gluconoyl-labelled Beltide-1 derivative peptide PP6 

5 (GSSHHHHHHDWLKAFYDKVAEKLKEAF), under heat-accelerated deacylation conditions (50C).  

Boric acid (CAS 10043-35-3, Sigma Cat. No. B0394), methylboronic acid (CAS 13061-96-6, Sigma 

Cat. No. 165336), phenylboronic acid (CAS 98-80-6, Sigma Cat. No. P20009), 3-Aminophenylboronic 

acid monohydrate (CAS 206658-89-1, Sigma Cat No 287512), 2-formylphenylboronic acid (CAS 

10 40138-16-7, Sigma Cat. No. 431958), 4-formylphenylboronic acid (CAS 87199-17-5, Sigma Cat. No.  

431966), and the FDA-approved tavaborole (AN2690, 5-Fluoro-1,3-dihydro-1-hydroxy-2,1

benzoxaborole; CAS 174671-46-6, Cayman Chemicals Cat. No. 23101) were tested.  

Results 

15 Several boron containing molecules could be used to reduce or entirely inhibit the reversibility of the 

gluconoyl peptide to the unmodified peptide (i.e. without gluconoyl modification) over the period and 

in the buffer conditions tested. A general trend was observed that with decreasing pKa of the additive 

tested compounds, the conjugate band could also be protected at lower solution pH values (See Table 

5).  

20 

Table 5: Remaining gluconoyl-label after incubation at indicated pH and time 

Literature pKa pH 6.8 pH 7.5 

after 15h at 500 C after 15h at 500 C 

boric acid 9.15 ~8% ~69% 

methylboronic acid 10.4 ~6% ~59% 

phenylboronic acid 9.0 ~31% ~83% 

3-aminophenylboronic acid 8.9 -31% ~84% 

2-formylphenylboronic acid 7.5 ~95% ~99% 

4-formylphenylboronic acid 7.8 ~46% ~95% 

tavaborole 6.7-6.97 ~87.9% ~87% 

Control (nothing added) - ~8% ~67% 

Reaction supplemented with 5 mM of additive; calculated as the ratio of the TIC for the labelled 

divided by the sum of TICs of both labelled and unlabelled species.  

25 The results show that by choosing a boron-containing acid or hemi-ester with suitable pKa, it is 

possible to protect acylated conjugate bonds at various solution pH values. However, other factors
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such as steric accessibility, and intramolecular coordination clearly also play a role, as observed for 2

formylphenylboronic acid and tavaborole, when compared to 4-formylphenylboronic acid 

Example 19: Covalently trapping a boronic-diol ester of acylated species.  

5 Encouraged by these results, and inspired by recent reports, we wondered if the otherwise by MALDI

TOF-MS unobservable 2-formylphenylboronic acid derived ester could be trapped covalently by 

addition of an N-hydroxylamine species - (Brittain et al., 2016) AND (Meadows et al., 2017).  

The method and composition described here differ from the prior art in several ways. Whereas 

10 Meadows synthetically synthesized a 3,4-dihydroxyphenylalanine (DOPA) containing peptide to 

provide a targetable diol, in this disclosure suitable diol(s) are site-specifically introduced at the N

terminus of a recombinant protein according to the invention (e.g. GlyHis- terminated for example).  

Diol introduction is achieved by treating a suitable protein according to the invention with glucono

1,5-lactone or any other suitable carbohydrate lactone, including handle-substituted carbohydrate 

15 lactones. Once an acylated, diol-containing peptide or protein substrate is obtained, it is treated with a 

2-formylphenylboronic acid derivative and a N-hydroxylamine derivative compound.  

Method for covalently trapping a boron-diol ester of a substrate previously acetylated and 

treated with 2-formylphenylboronc acid 

20 20 iL of an aqueous solution of 200 iM N-terminally gluconoylated peptide 

(GSSHHHHHHGGTYSAHFGPLTWVAKPQGG) was mixed with 2.5 iL of 20 mM 2

formylphenylboronic acid. Thereafter, 2.5 iL of 20 mM N-tert-butylhydroxylamine hydrochloride was 

added to the reaction mixture. After 2h of reaction at room temperature, 10 IL of reaction mixture was 

withdrawn, mixed with 2 iL of 50% (v/v) acetic acid, cleaned using C18 ZipTip and analysed by 

25 MALDI-MS.  

Resultsfor trapping a gluconoylated substrate diol-boron ester 

Covalent substrate adducts could be observed for 2-formylphenylboronic acid and N-tert

butylhydroxylamine treated sample as summarized in the table below, substantiating the proposed 

30 mechanism for boronate ester protection (see Table 6).
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Table 6: Observed m/z values, interpretation, and estimated quantification of 2-FBPA / N
hydroxylamine adduct(s) 
Entry m/z Ratio (B:C:D) 

A 3084 native peptide 

B 3262 (gluconoylated peptide) -53% 

C 3447 (gluconoylated peptide +1 adduct) -35% 

D 3632 (gluconoylated peptide +2 adducts) -11% 

The expected mass increase for a single adduct is ~185 Da. Relative percentages were calculated as 

TIC for a specific species divided by the sum of all species that can participate in the reaction - i.e.  

5 Ratio (%)= TIC (B or C or D)/ (sum of TICs for B, C and D), where TIC is "Total Ion Count" from the 

MALDI-MS experiment 

Proposed mechanism 

Reaction Scheme. Proposed mechanism for trapping the diol-ester.  

OH OH H 
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'OH OH HO'N OH OH OH H H O o 
HO N, R B, O B 

OH 0 2-formylphenylboronic N-tert-butythydroxylamine 
acid + 

acylated substrate 

HN-R 
B 0 HO 

o'0 HO HN-R 
0 ~N-600"1 

o B 

Exemplarly aqueous intermediates Possible covalent adduct species 
10 (non-exhaustive) ("trapped", non-exhaustive) 

Example 20: Method for covalently trapping a boron-diol ester of a substrate previously acetylated 

with a handle-substituted lactone and treated with 2-formylphenylboronc acid
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Having demonstrated trapping of a gluconoylated substrate, we next tested trapping of the boronate

diol ester of the same peptide previously treated with a handle-substituted 6-azido-6-deoxy-glucono

1,5-lactone. Lyophilized N-terminally azido-gluconylated peptide PP13 was resuspended to 200 pM in 

5 several buffers: 50 mM potassium phosphate (pH 6.8), 50 mM HEPES/NaOH (pH 7.5), and 50 mM 

ammonium bicarbonate (pH 8.44). To elucidate the importance of order and time, aliquots of 35pL 

peptide solution were reacted sequentially with 4.3 pL of each reagent at 20 mM stock concentration 

(2-2.5 mM final concentration). After the indicated time, 4.3 pL of the second reagent at 20 mM were 

added (2-2.5 mM final concentration). N-tert-butylhydroxylamine hydrochloride was obtained from 

10 Sigma (CAS 57497-39-9, Cat. No. 194751). Reactions were conducted at room temperature, and 

samples (5 pL) were withdrawn at the indicated time, acidified with acetic acid (5 pL of 20% v/v 

solution), C18 ZipTip purified and analysed by MALDI-TOF-MS.  

Results 

15 The method could also be used to covalently trap an acylated substrate that was modified with a 

handle-substituted carbohydrate lactone according to the invention - e.g. treated with 6-azido-6

deoxy-D-glucono-1,5-lactone. Covalent adducts at the expected m/z value (+185 vs. acylated) were 

observed in all conditions tested, except for pH 6.8 with first addition of N-tert-butylhydroxylamine 

(Table 8).  

20 

Table 8 

relative to all species(%) relative to all species(%) 

First Time before Second Time waited after Native 6-AGOL 6-AGDL 6-AGOL 6-AGDL 
pH reagent addition of reagent addition of second ptide a I te acylated and acylated and 

added second reagent added reagent trapped trapped 

6.8 2FPBA 90 min NTBHA 60 13.1 49.8 37.1 57.3 42.7 

6.8 NTBHA 2 min 2FPBA 150 17.4 82.5 0.1 99.9 0.1 

6.8 2FPBA 2 min NTBHA 150 19.1 63.4 17.5 78.3 21.7 

6.8 - - - - 13.9 86 0.1 99.9 0.1 

7.5 2FPBA 90 min NTBHA 60 13.1 73.5 13.4 84.6 15.4 

7.5 NTBHA 2 min 2FPBA 150 23.3 63.4 13.3 82.7 17.3 

7.5 2FPBA 2 min NTBHA 150 11.5 76 12.5 85.9 14.1 

7.5 - - - - 11.6 88.3 0 100 0 

8.44 2FPBA 90 min NTBHA 60 18.7 25.8 55.4 31.8 68.2 

8.44 NTBHA 2 min 2FPBA 150 23 35.1 42 45.5 54.5 

8.44 2FPBA 2 min NTBHA 150 20.3 26.1 53.5 32.8 67.2 

8.44 - - - - 21.5 78.4 0.1 99.9 0.1
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Abbreviations: 2-formylphenylboronic acid - 2FPBA; N-tert-butylhydroxylamine - NTBHA. All 

species are : native peptide (3084 m/z), 6-AGDL acylated species (3287 m/z), and 6-AGDL acylated 

and trapped diol-ester (3472 m/z).  

5 Best trapping yield results were obtained for a reaction conducted in slightly alkaline conditions (pH 

8.4), first adding 2-formylphenylboronic acid, followed by addition of N-tert-butylhydroxylamine.  

Adding N-tert-butylhydroxylamine first apparently caused faster reversal to the native, deacylated 

peptide - an effect that most pronounced at pH 7.5 - to achieve highest trapping yield, it isthus 

10 preferable to first add the 2-formylphenylboronic acid to allow boronate-diol ester formation prior to 

addition of N-tert-butylhydroxylamine.  

The time interval between adding the first and the second did not influence the reaction yield much in 

the neutral and alkaline condition, as such N-tert-butylhydroxylamine can be added relatively quickly 

15 after the addition of the boron compound in these conditions. In slightly acidic conditions (pH 6.8), 

pre-incubation with 2-formylphenylboronic acid for longer time (90 min) afforded higher yield 

compared to short incubation time (2 min), and may be the preferred method in this pH range.  

Strikingly, only one adduct was observed for the 6-azido-6-deoxy-gluconyl substrate, whereas for the 

20 gluconoyl substrate up to two adducts were observed. This suggests that - without being bound by 

theory - for the previously tested gluconoyl substrate the most distal hydroxyl (C6) forms a boron-diol 

ester with C5. In the 6-azido gluconoyl substrate, this C6 hydroxyl is replaced by the azide group and 

thus cannot participate in C6-C5 diol ester. These results further suggest that by choosing the position 

of the (single or multiple position of handle-substitutions on a carbohydrate lactone), one can influence 

25 the number and position of adduct(s) that can form. That is for example, a 3-azido-3-deoxy-gluconoyl 

substrate would be expected to form only one adduct at C6-C5 (or C5-C4); whereas a 4-azido-4

deoxy-gluconoyl substrate could be capable of forming two adducts, one at C6-C5, and the other at 

C3-C2. It is understood that other carbohydrate lactones may have different hydroxyl

stereochemistries and thus may display different susceptible diol pairings.
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Reaction Scheme. Proposed mechanism for trapping the diol-ester of an azido-handle-containing 

acylated substrate treated with 2-formylphenylboronic acid and an N-hydroxylamine.  
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CLAIMS 

1. A composition comprising an N-terminally acylated protein, wherein the N-terminally 

acylated protein comprises formula (VIII), formula (VII) or formula (IX): 

R5 R 2 

R R 0 

R R(VIII), 

wherein: 

(i) R1, R2, R' and R' are each independently hydrogen, a hydroxyl, a methyl, or a handle, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, a handle, a carboxyl, an ester, or an amide, 

(iii) at least one of R1, R2, Rand R4 is a handle, 

(iv) one or none of R1, R2, Rand R4 is a methyl; and 

(v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue; 

R5 R 0 

R4 6 3 1 

R R R (VII), 

wherein: 

(i) R1, R2, R, R' and R 6 are each independently hydrogen, a hydroxyl, a methyl, or a handle, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, a handle, or a carboxyl, 

(iii) at least one of R1, R2, Rand R4 is a handle, 

(iv) one or none of R1, R2, Rand R4 is a methyl; and 

(v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue; 

R 2 

R4 X 

R R (IX), 

wherein: 

(i) R, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or a handle, 

(ii) R4 is a hydroxyl, 

(iii) at least one of R1, R2, and R3 is a handle, 

(iv) one or none of R1, R2, and R3 is a methyl; and 

(v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue.
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2. The composition of claim 1, wherein the N-terminally acylated protein comprises formula 

(IV): 

OH R 2  0 

R4__ X 
R 3  R1  (IV), 

wherein: 

(i) R1, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

(iii) at least one of R1, R2, R3 and R4 is an azide, 

(iv) one or none of R1, R2, R' and R4 is a methyl; and 

(v) X comprises the N-terminal amino acid residue of the protein, wherein, optionally, the N-terminal 

amino acid residue is a Gly, Ala, Ser or His residue.  

3. The composition of any one of claims 1-2, wherein the N-terminally acylated protein 

comprises formula (X): 

OH R 0 

3 1 
R R (X), 

wherein: 

(i) R4 is an azide, R' is a hydroxyl, R2 is a hydroxyl and R is a hydroxyl; 

(ii) R4 is a hydroxyl, R is an azide, R2 is a hydroxyl and R is a hydroxyl; 

(iii) R4 is a hydroxyl, R' is a hydroxyl, R2 is an azide and R1 is a hydroxyl; or 

(iv) R4 is a hydroxyl, R' is a hydroxyl, R2 is a hydroxyl and R1 is an azide.  

4. The composition of any one of claims 2-3, wherein R is an azide, R' is a hydroxyl, R2 is a 

hydroxyl and R1 is a hydroxyl.  

5. The composition of any one of claims 1-4, wherein X comprises the amino acid sequence 

Xaa'-Xaa 2-Xaa3-Xaa4 , and 

(i) Xaal is an amino acid residue selected from: Ala, Gly, Ser, His, or Leu; 

(ii) Xaa2 is any amino acid residue or absent; 

(iii) Xaa 3 is any amino acid residue or absent; and 

(iv) Xaa4 consists of 3 or more His residues.  

6. The composition of any one of claims 1-4, wherein:
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(A) X comprises the amino acid sequence Gly-Xaa-Xaa 2-Xaa3 , and 

(i) Xaal is any amino acid residue or absent; 

(ii) Xaa2 is an amino acid residue or absent; and 

(iii) Xaa 3 consists of 3 or more His residues; 

or 

(B) X comprises the amino acid sequence Gly-Xaal, and 

(i) Xaal is an amino acid residue selected from Gly, Ala, or Ser.  

7. The composition of any one of claims 1-4, wherein: 

(A) X comprises the amino acid sequence Xaa-Xaa2 and 

(i) Xaal is amino acid residue Gly or absent; and 

(ii) Xaa2 consists of 1 or more His residues; 

(B) X comprises the amino acid sequence Gly-Xaa-Xaa 2, and 

(i) Xaal is amino acid residue selected from Ser, Gly, Ala, Tyr, Leu, Arg, or absent; and 

(ii) Xaa2 consists of 2 or more His residues; or 

(C) X comprises the amino acid sequence Gly-Xaa-Xaa 2, and 

(i) Xaal is Gly, Ser or Ala; and 

(ii) Xaa2 is: 

Thr-Tyr-Ser-Asp-His, 

Thr-Tyr-Ser-Cys-His, 

Thr-Tyr-Ser-Ala-His, 

Lys-Trp-Ser-Lys-Arg, or 

Ser-Gly-Ser-Lys.  

8. The composition of any one of claims 1-7, wherein the composition further comprises a metal 

cation.  

9. The composition of any one of claims 1-7, wherein: 

(i) the composition further comprises a metal cation from the d-block elements; and/or 

(ii) the composition further comprises a diol-ester formed between a lactone-derived diol and an acid 

at the N-terminus of the N-terminally acylated protein; 

wherein, optionally, the metal cation is a divalent Zn, Ni, or Cu cation; and/or 

the diol-ester is a borate-, or boronic-/boronate ester.  

10. A method, for site-specifically modifying a protein comprising contacting a protein with a 

handle-substituted carbohydrate lactone.
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11. The method of claim 10, wherein the protein is site-specifically modified at the N-terminus 

and the handle-substituted carbohydrate lactone is a compound according to formula (V): 

R 4 

o 0 

R%1 R1 

R (V), 

wherein: 

(i) R1, R2 and R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

(iii) at least one of R1, R2, R3 and R4 is an azide, and 

(iv) one or none of R1, R2, R' and R4 is a methyl; 

wherein, optionally, R4 is an azide, R' is a hydroxyl, R2 is a hydroxyl and R1 is a hydroxyl.  

12. The method of any one of claims 10-11, wherein the method further comprises contacting the 

resulting acylated protein with a compound comprising a phosphine group, a phosphine derivative, 

alkene group, alkyne group, strained alkyne group, OCT, MOFO, DIFO, DIFO2, DIFO3, DIMAC, 

DIBO, DIBAC, BARAC, BCN, Sondheimer diyene, TMDIBO, S-DIBO, COMBO, PYRROC, 

TMTH, DIFBO, ALO, thioalkyne group, keto-DIBO, strained olefin, or oxanorbomadiene group.  

13. A protein obtained or obtainable through the method of any one of claims 10-12.  

14. A method for synthesizing a handle-substituted carbohydrate lactone comprising contacting a 

handle-substituted aldose with a catalyst under aprotic conditions in the presence of a hydrogen 

acceptor; 

wherein, optionally, the handle-substituted carbohydrate lactone is according to formula (V): 

R 4 

0 0 

R R 

R (V), 

and the handle-substituted aldose is according to formula (VI):
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R 4 

0 OH 

R R 

R2 (VI), 

wherein: 

(i) R', Rand R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

(iii) at least one of R, R2, RWand R4 is an azide, and 

(iv) one or none of R', R2, Rand R4 is a methyl.  

15. A method for identifying an acylated protein comprising running a sample suspected of 

containing an acylated protein on a diol-interacting, boron-containing acrylamide gel, wherein the 

acylated protein is the protein according to any one of claims 1-9 and 13, and wherein, optionally, the 

diol-interacting, boron-containing acrylamide gel is a methacrylamido phenylboronate acrylamide gel.  

16. A method for purifying an acylated protein comprising: 

(1) binding a sample suspected of comprising the acylated protein onto a solid support comprising an 

immobilized diol-ester forming agent; and 

(2) eluting the protein; 

wherein, optionally, the acylated protein is the protein according to any one of claims 1-9 and 13.  

17. A kit comprising: 

(i) a protein; and 

(ii) a handle-substituted carbohydrate lactone; 

wherein, optionally, the handle-substituted carbohydrate lactone is a compound according to formula 

(V): 

0 0 

R R l 
R2 (V), 

wherein: 

(i) R', Rand R3 are each independently hydrogen, a hydroxyl, a methyl, or an azide, 

(ii) R4 is hydrogen, a hydroxyl, a methyl, an azide, or a carboxyl, 

(iii) at least one of R, R2, RW and R4 is an azide, and
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(iv) one or none of R1, R2, R' and R4 is a methyl.  

18. The kit of claim 17, wherein the kit further comprises a compound comprising a phosphine 

group, a phosphine derivative, alkene group, alkyne group, strained alkyne group, OCT, MOFO, 

DIFO, DIFO2, DIFO3, DIMAC, DIBO, DIBAC, BARAC, BCN, Sondheimer diyene, TMDIBO, S

DIBO, COMBO, PYRROC, TMTH, DIFBO, ALO, thioalkyne group, keto-DIBO, strained olefin, or 

oxanorbomadiene group.























               SEQUENCE LISTING

<110> GENIE BIOTECH UK LTD

<120> Synthesis of lactone derivatives and their use in the modification of 
proteins

<130> 228 738

<160> 93

<170> BiSSAP 1.3.6

<210> 1
<211> 10
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 1
Met Gly Ser Ser His His His His His His 
1               5                   10  

<210> 2
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 2
Gly His His His His His His 
1               5           

<210> 3
<211> 9
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 3
Gly Ser Ser His His His His His His 
1               5                   

<210> 4
<211> 4



<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<220> 
<221> VARIANT
<222> 2
<223> An amino acid residue or absent

<220> 
<221> VARIANT
<222> 3
<223> An amino acid residue or absent

<220> 
<221> VARIANT
<222> 4
<223> 3 or more His residues

<400> 4
Gly Xaa Xaa Xaa 
1               

<210> 5
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<220> 
<221> VARIANT
<222> 2
<223> Gly, Ser or Ala

<400> 5
Gly Xaa Thr Tyr Ser Asp His 
1               5           

<210> 6
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<220> 



<221> VARIANT
<222> 2
<223> Gly, Ser or Ala

<400> 6
Gly Xaa Thr Tyr Ser Ala His 
1               5           

<210> 7
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<220> 
<221> VARIANT
<222> 2
<223> Gly, Ser or Ala

<400> 7
Gly Xaa Thr Tyr Ser Cys His 
1               5           

<210> 8
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<220> 
<221> VARIANT
<222> 2
<223> Gly, Ser or Ala

<400> 8
Gly Xaa Lys Trp Ser Lys Arg 
1               5           

<210> 9
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<220> 



<221> VARIANT
<222> 2
<223> Gly, Ser or Ala

<400> 9
Gly Xaa Ser Gly Ser Lys 
1               5       

<210> 10
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 10
Thr Tyr Ser Asp His 
1               5   

<210> 11
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 11
Thr Tyr Ser Ala His 
1               5   

<210> 12
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 12
Thr Tyr Ser Cys His 
1               5   

<210> 13
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 



<223> Tag

<400> 13
Lys Trp Ser Lys Arg 
1               5   

<210> 14
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 14
Ser Gly Ser Lys 
1               

<210> 15
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 15
Gly Gly Thr Tyr Ser Asp His 
1               5           

<210> 16
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 16
Gly Gly Thr Tyr Ser Cys His 
1               5           

<210> 17
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag



<400> 17
Gly Gly Lys Trp Ser Lys Arg 
1               5           

<210> 18
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 18
Gly Ala Ser Gly Ser Lys 
1               5       

<210> 19
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<220> 
<221> VARIANT
<222> 1
<223> Ala, Gly, Ser, His or Leu

<220> 
<221> VARIANT
<222> 2
<223> An amino acid residue or absent

<220> 
<221> VARIANT
<222> 3
<223> An amino acid residue or absent

<220> 
<221> VARIANT
<222> 4
<223> 3 or more His residues

<400> 19
Xaa Xaa Xaa Xaa 
1               

<210> 20
<211> 4
<212> PRT
<213> Artificial Sequence



<220> 
<223> Tag

<400> 20
Ala His His His 
1               

<210> 21
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 21
Gly Ala Ala His 
1               

<210> 22
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 22
Gly Ala Ser His 
1               

<210> 23
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 23
Gly His His His 
1               

<210> 24
<211> 4
<212> PRT
<213> Artificial Sequence



<220> 
<223> Tag

<400> 24
Gly Ser Ala His 
1               

<210> 25
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 25
Gly Ser Ser His 
1               

<210> 26
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 26
Ser Ser Tyr His 
1               

<210> 27
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 27
Ser Tyr Tyr His 
1               

<210> 28
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag



<400> 28
Val His His His 
1               

<210> 29
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 29
Gly Ala Pro Thr Leu 
1               5   

<210> 30
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 30
Gly His His His His 
1               5   

<210> 31
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 31
Gly His His His His His 
1               5       

<210> 32
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 32



Leu Arg Phe Lys Phe Tyr 
1               5       

<210> 33
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 33
His His His His His His 
1               5       

<210> 34
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 34
Gly Ala Ser Gly Ser Lys Gly 
1               5           

<210> 35
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 35
Gly Leu Arg Phe Lys Phe Tyr 
1               5           

<210> 36
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 36
His Leu Arg Phe Lys Phe Tyr 
1               5           



<210> 37
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 37
Lys His His His His His His 
1               5           

<210> 38
<211> 8
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 38
Gly His Leu Arg Phe Lys Phe Tyr 
1               5               

<210> 39
<211> 8
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 39
Gly Ser Leu Arg Phe Lys Phe Tyr 
1               5               

<210> 40
<211> 8
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 40
Gly Ser His His His His His His 
1               5               

<210> 41



<211> 9
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 41
Gly Ser His Leu Arg Phe Lys Phe Tyr 
1               5                   

<210> 42
<211> 9
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 42
Arg Gly Ser His His His His His His 
1               5                   

<210> 43
<211> 9
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 43
Ser Tyr Tyr His His His His His His 
1               5                   

<210> 44
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 44
Gly His Leu Arg 
1               

<210> 45
<211> 4
<212> PRT



<213> Artificial Sequence

<220> 
<223> Tag

<400> 45
Gly Leu Arg Phe 
1               

<210> 46
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 46
Gly Ala Pro Thr 
1               

<210> 47
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 47
Gly Ala Ser Gly 
1               

<210> 48
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 48
Gly Gly Lys Trp 
1               

<210> 49
<211> 4
<212> PRT
<213> Artificial Sequence



<220> 
<223> Tag

<400> 49
Gly Gly Thr Tyr 
1               

<210> 50
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 50
Gly Ser His Leu 
1               

<210> 51
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 51
Gly Ser Leu Arg 
1               

<210> 52
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 52
Gly Ala Ser Gly Ser 
1               5   

<210> 53
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 



<223> Tag

<400> 53
Gly Gly Lys Trp Ser 
1               5   

<210> 54
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 54
Gly Gly Thr Tyr Ser 
1               5   

<210> 55
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 55
Gly His Leu Arg Phe 
1               5   

<210> 56
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 56
Gly Leu Arg Phe Lys 
1               5   

<210> 57
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag



<400> 57
Gly Ser His Leu Arg 
1               5   

<210> 58
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 58
Gly Ser Leu Arg Phe 
1               5   

<210> 59
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 59
Gly Ser Ser His His 
1               5   

<210> 60
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 60
Gly Ala Ser Gly Ser Lys 
1               5       

<210> 61
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 61
Gly Gly Lys Trp Ser Lys 



1               5       

<210> 62
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 62
Gly Gly Thr Tyr Ser Asp 
1               5       

<210> 63
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 63
Gly His Leu Arg Phe Lys 
1               5       

<210> 64
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 64
Gly Leu Arg Phe Lys Phe 
1               5       

<210> 65
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 65
Gly Ser His Leu Arg Phe 
1               5       



<210> 66
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 66
Gly Ser Leu Arg Phe Lys 
1               5       

<210> 67
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 67
Gly Ser Ser His His His 
1               5       

<210> 68
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 68
Gly His Leu Arg Phe Lys Phe 
1               5           

<210> 69
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 69
Gly Ser His Leu Arg Phe Lys 
1               5           

<210> 70
<211> 7



<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 70
Gly Ser Leu Arg Phe Lys Phe 
1               5           

<210> 71
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 71
Gly Ser Ser His His His His 
1               5           

<210> 72
<211> 8
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 72
Gly Ser His Leu Arg Phe Lys Phe 
1               5               

<210> 73
<211> 8
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 73
Gly Ser Ser His His His His His 
1               5               

<210> 74
<211> 4
<212> PRT
<213> Artificial Sequence



<220> 
<223> Tag

<400> 74
His Leu Arg Phe 
1               

<210> 75
<211> 5
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 75
His Leu Arg Phe Lys 
1               5   

<210> 76
<211> 6
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 76
His Leu Arg Phe Lys Phe 
1               5       

<210> 77
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 77
Leu Arg Phe Lys 
1               

<210> 78
<211> 5
<212> PRT
<213> Artificial Sequence



<220> 
<223> Tag

<400> 78
Leu Arg Phe Lys Phe 
1               5   

<210> 79
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<220> 
<221> VARIANT
<222> 2
<223> Ser, Gly or Ala

<220> 
<221> VARIANT
<222> 3
<223> Ser, Gly or Ala

<220> 
<221> VARIANT
<222> 4
<223> 3 or more His residues

<400> 79
Gly Xaa Xaa Xaa 
1               

<210> 80
<211> 4
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<220> 
<221> VARIANT
<222> 4
<223> 3 or more His residues

<400> 80
Gly Ser Ser Xaa 
1               

<210> 81



<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 81
Gly Arg Gly Asp Ser Pro Cys 
1               5           

<210> 82
<211> 7
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 82
Ala His His His His His His 
1               5           

<210> 83
<211> 11
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 83
Gly His His His His His His His His His His 
1               5                   10      

<210> 84
<211> 9
<212> PRT
<213> Artificial Sequence

<220> 
<223> Tag

<400> 84
Gly His His His His His His His His 
1               5                   

<210> 85
<211> 9
<212> PRT



<213> Artificial Sequence

<220> 
<223> Tag

<400> 85
Gly Gly Ser His His His His His His 
1               5                   

<210> 86
<211> 133
<212> PRT
<213> Artificial Sequence

<220> 
<223> Qbeta

<400> 86
Met Ala Lys Leu Glu Thr Val Thr Leu Gly Asn Ile Gly Lys Asp Gly 
1               5                   10                  15      
Lys Gln Thr Leu Val Leu Asn Pro Arg Gly Val Asn Pro Thr Asn Gly 
            20                  25                  30          
Val Ala Ser Leu Ser Gln Ala Gly Ala Val Pro Ala Leu Glu Lys Arg 
        35                  40                  45              
Val Thr Val Ser Val Ser Gln Pro Ser Arg Asn Arg Lys Asn Tyr Lys 
    50                  55                  60                  
Val Gln Val Lys Ile Gln Asn Pro Thr Ala Cys Thr Ala Asn Gly Ser 
65                  70                  75                  80  
Cys Asp Pro Ser Val Thr Arg Gln Ala Tyr Ala Asp Val Thr Phe Ser 
                85                  90                  95      
Phe Thr Gln Tyr Ser Thr Asp Glu Glu Arg Ala Phe Val Arg Thr Glu 
            100                 105                 110         
Leu Ala Ala Leu Leu Ala Ser Pro Leu Leu Ile Asp Ala Ile Asp Gln 
        115                 120                 125             
Leu Asn Pro Ala Tyr 
    130             

<210> 87
<211> 201
<212> PRT
<213> Artificial Sequence

<220> 
<223> His‐RBD

<400> 87
Gly His His His His His His Thr Asn Leu Cys Pro Phe Gly Glu Val 
1               5                   10                  15      
Phe Asn Ala Thr Arg Phe Ala Ser Val Tyr Ala Trp Asn Arg Lys Arg 
            20                  25                  30          
Ile Ser Asn Cys Val Ala Asp Tyr Ser Val Leu Tyr Asn Ser Ala Ser 



        35                  40                  45              
Phe Ser Thr Phe Lys Cys Tyr Gly Val Ser Pro Thr Lys Leu Asn Asp 
    50                  55                  60                  
Leu Cys Phe Thr Asn Val Tyr Ala Asp Ser Phe Val Ile Arg Gly Asp 
65                  70                  75                  80  
Glu Val Arg Gln Ile Ala Pro Gly Gln Thr Gly Lys Ile Ala Asp Tyr 
                85                  90                  95      
Asn Tyr Lys Leu Pro Asp Asp Phe Thr Gly Cys Val Ile Ala Trp Asn 
            100                 105                 110         
Ser Asn Asn Leu Asp Ser Lys Val Gly Gly Asn Tyr Asn Tyr Leu Tyr 
        115                 120                 125             
Arg Leu Phe Arg Lys Ser Asn Leu Lys Pro Phe Glu Arg Asp Ile Ser 
    130                 135                 140                 
Thr Glu Ile Tyr Gln Ala Gly Ser Thr Pro Cys Asn Gly Val Glu Gly 
145                 150                 155                 160 
Phe Asn Cys Tyr Phe Pro Leu Gln Ser Tyr Gly Phe Gln Pro Thr Asn 
                165                 170                 175     
Gly Val Gly Tyr Gln Pro Tyr Arg Val Val Val Leu Ser Phe Glu Leu 
            180                 185                 190         
Leu His Ala Pro Ala Thr Val Cys Gly 
        195                 200     

<210> 88
<211> 20
<212> DNA
<213> Artificial Sequence

<220> 
<223> Primer

<400> 88
gaccccaaaa tcagcgaaat                                                20

<210> 89
<211> 24
<212> DNA
<213> Artificial Sequence

<220> 
<223> Primer

<400> 89
tctggttact gccagttgaa tctg                                           24

<210> 90
<211> 24
<212> DNA
<213> Artificial Sequence



<220> 
<223> Probe

<400> 90
accccgcatt acgtttggtg gacc                                           24

<210> 91
<211> 194
<212> PRT
<213> Artificial Sequence

<220> 
<223> RBD

<400> 91
Thr Asn Leu Cys Pro Phe Gly Glu Val Phe Asn Ala Thr Arg Phe Ala 
1               5                   10                  15      
Ser Val Tyr Ala Trp Asn Arg Lys Arg Ile Ser Asn Cys Val Ala Asp 
            20                  25                  30          
Tyr Ser Val Leu Tyr Asn Ser Ala Ser Phe Ser Thr Phe Lys Cys Tyr 
        35                  40                  45              
Gly Val Ser Pro Thr Lys Leu Asn Asp Leu Cys Phe Thr Asn Val Tyr 
    50                  55                  60                  
Ala Asp Ser Phe Val Ile Arg Gly Asp Glu Val Arg Gln Ile Ala Pro 
65                  70                  75                  80  
Gly Gln Thr Gly Lys Ile Ala Asp Tyr Asn Tyr Lys Leu Pro Asp Asp 
                85                  90                  95      
Phe Thr Gly Cys Val Ile Ala Trp Asn Ser Asn Asn Leu Asp Ser Lys 
            100                 105                 110         
Val Gly Gly Asn Tyr Asn Tyr Leu Tyr Arg Leu Phe Arg Lys Ser Asn 
        115                 120                 125             
Leu Lys Pro Phe Glu Arg Asp Ile Ser Thr Glu Ile Tyr Gln Ala Gly 
    130                 135                 140                 
Ser Thr Pro Cys Asn Gly Val Glu Gly Phe Asn Cys Tyr Phe Pro Leu 
145                 150                 155                 160 
Gln Ser Tyr Gly Phe Gln Pro Thr Asn Gly Val Gly Tyr Gln Pro Tyr 
                165                 170                 175     
Arg Val Val Val Leu Ser Phe Glu Leu Leu His Ala Pro Ala Thr Val 
            180                 185                 190         
Cys Gly 
        

<210> 92
<211> 27
<212> PRT
<213> Artificial Sequence

<220> 
<223> His‐tagged Beltide‐1 derivative peptide PP6

<400> 92



Gly Ser Ser His His His His His His Asp Trp Leu Lys Ala Phe Tyr 
1               5                   10                  15      
Asp Lys Val Ala Glu Lys Leu Lys Glu Ala Phe 
            20                  25          

<210> 93
<211> 29
<212> PRT
<213> Artificial Sequence

<220> 
<223> His‐tagged peptide

<400> 93
Gly Ser Ser His His His His His His Gly Gly Thr Tyr Ser Ala His 
1               5                   10                  15      
Phe Gly Pro Leu Thr Trp Val Ala Lys Pro Gln Gly Gly 
            20                  25                  
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