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Glycosylation in Snake Venom Proteinases
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Abstract
One of the most complex post-translational modifications of proteins in eukaryotic cells is 
glycosylation which not only ensures the correct folding of functional domains but also plays a 
significant role in biological processes ranging from substrate specificity to ligand recognition.

N-glycosylation is a frequently observed modification in numerous snake venom proteins. The 
diversity of the N-linked carbohydrates present in snake venom proteases can be correlated with 
toxicity. Snake venom proteases show structural similarities to their mammalian counterparts and 
hence, are of considerable medical and pharmacological importance. In this review, the general 
structures of the carbohydrate moieties linked to snake venom serine- and metallo-proteinases are 
described in detail.
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Abbreviations
ACC: Agkistrodon contortrix contortrix; ACLH: pro-Agkistrodon contortrix laticinctus 

hemorrhagic toxin-I; BPA: Bothrops protease A; BPTI: Bovine pancreatic trypsin inhibitor; ER: 
Endoplasmic reticulum; GalNAc: β-D-N-Acetylgalactosamine; GalNAc-Ts: β-D-N-Acetyl-
galactosamyltransferases; GlcN: Glucosamine; GlcNAc: β-D-N-Acetylglucosamine; GPI: 
Glycosyl phosphatidylinositol; Man: β-D-Mannose; Man3-GlcN: Trimannosyl-non-acetylated 
glucosamine; MP: Metalloproteinase; MS: Mass spectrometry; NMR: Nuclear magnetic resonance; 
OST: Oligosaccharyltransferase; PCA: Protein C activator; PI: Phosphatidylinositol; PTM: Post 
translational modification; RER: Rough endoplasmic reticulum; STI: Soybean trypsin inhibitor; 
SVMP: Snake venom metalloproteinases; SVSP: Snake venom serine proteinases; SVTLE: Snake 
venom thrombin-like enzymes; TLE: Thrombin-like enzyme

Introduction
Post translational modifications (PTMs) of proteins are ubiquitous in cells and are essential 

for the manifestation of their diverse activities since they regulate and modulate the functions of 
proteins. Glycosylation, the post-translational attachment of sugar moieties to proteins provides 
greater proteomic diversity and extends the sphere of interaction of proteins to encompass a wide 
range of biological processes including cell attachment, recognition and protein-ligand interactions. 

The importance of carbohydrates in biology has moved to the forefront only relatively recently 
because of several factors that have contributed to the expansion of the field of glycobiology primarily 
due to the development of novel technologies that enable us to better characterize carbohydrates 
which has resulted in a significant increase of the number of novel structures identified. 

The three main PTMs that involve carbohydrates are N- and O-linked glycosylation and glycosyl 
phosphatidylinositol (GPI) anchors [1,2]. The commonly encountered monosaccharides and their 
abbreviations are presented in Figure 1.

Development, pathological events, and cell death are intimately related to glycosylation and 
protein-linked glycans participate and regulate recognition, protein targeting, cell-cell interactions 
and binding interactions [1,2].

The oligosaccharide structures between species or even within the same species is extremely 
diverse and the glycosylation pattern is dependent on the developmental and physiological state of 
the cell. Studies of various glycoproteins have focused on the thermodynamics of location of sugar 
moieties on proteins [3,4]. These studies have revealed that the deletion or addition of even a single 
monosaccharide unit to a protein can significantly influence the equilibrium of the protein between 
the folded and unfolded states [3,4]. The structural diversity of oligosaccharides encountered in 
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glycoproteins is vast since their biosynthesis is a non-template-driven 
mechanism involving the synchronized action of many enzymes and 
also since it is not proofread.

Venom serine proteinases are frequently glycosylated and the 
carbohydrate moieties are primarily Asn-linked [5]. The length of 
the N- or O-glycosylation in these proteinases appears to be relevant; 
however, the correlation between the function and length and 
variation is in part, still unclear [6,7]. The carbohydrate content may 
account for 5–30% of the total mass and, in a few cases, the mass of 
the carbohydrate moiety may exceed that of the protein component 
[7,8].

The focus of this review is the N-glycosylation of snake venom 
serine- and metalloproteases and their biological aspects. 

Overview of Protein Glycosylation
Recognition events are both triggered and modulated by the 

structure and position of protein-linked glycans [9].This is achieved 
optimally by oligo- and polysaccharides since they are extremely 
flexible and can adopt multiple conformational states under 
physiological conditions [9,10,11]. Unfortunately, this inherent 
flexibility often limits the use of crystallography for structure 
determination; hence, we have to resort to the use of other techniques 
such as mass spectrometry (MS) and Nuclear magnetic resonance 
(NMR) spectroscopy to determine the structures of carbohydrate 
moieties [12,13].

Posttranslational modifications are directly dependent on the 
presence of the relevant enzymes and substrates in the expression 
cell-line and detailed information of the glycosylation pattern is a 
prerequisite for understanding the specificities and mechanisms 
of pharmaceutically relevant glycoproteins, since a connect glycan 
structure is often essential for their function. Glycoproteins produced 
in mammalian cell cultures are similar to their human counterparts; 
however, these are energetically less expensive and functionally less 
sensitive systems.

Serine proteases that activate protein C in the mammalian 
coagulation system are generally referred to as Protein C activators 
(PCAs). The activated form of protein inhibits coagulation via 
proteolytic inactivation of factors Va and VIIIa. The venom of 
Southern copper head snake Agkistrodon contortrix contortrix (ACC) 
[15] has potent PCA activity in vitro. Yang and colleagues (2002) 

[14] have used yeast Pichia pastoris to express the active, glycosylated 
snake venom serine proteinases (SVSPs): gussurobin, from Gloydius 

Figure 1: Molecular structures, symbols and abbreviations for monosaccharides. Man (β-D-Mannose), Gal (β-D-Galactose), Glc (β-D-Glucose), GlcNAc (β-D-N-
Acetylglucosamine), GalNAc (β-D-N-Acetylgalactosamine), GlcA (β-D-glucuronic acid), Xyl (β-D-Xylose), IdoA (α-L-Iduronic acid), NeuNAc (α-N-Acetylneuraminic 
acid Sialic Acid), Fuc (α-L-Fucose).

Figure 2: Classification and structure of glycans components. (A) The diverse 
assortment of N-linked glycans is based on the common core pentasaccharide, 
Man3GlcNAc2: (1) Basic N-linked structure; (2) High-Mannose structure; (3) 
Hybrid structure; (4) Complex structure. (B) Elongation and termination of 
O-linked glycans is carried out by several glycosultransferase: (1) O-linked 
core 2 Hexasaccharide; (2) Core 1; (3) core 2; (4) core 3; (5) core 4; (6) core 
5; (7) core 6; (8) core 7; (9) core 8.
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ussuriensis, and ACC-C from Agkistrodon contortrix contortrix [15].
The synthetic gene of PCA based on the ACC protein sequence was 
inserted into EcoRI–NotI sites of pPICZαA. Pichia pastoris strain 
X33 (Mut+ His+) was used to express recombinant PCA using 
the AOX1 promoter. S. Cerevisiae α-factor signal sequence and 
P. pastoris PHO1 signal sequence were used as signal sequence. 
The secretion of glycosylated PCA is directed by an α-factor signal 
sequence. PCA isolated from ACC consists of 231 amino acids and 
12 cysteine residues. Recombinant PCA has an apparent molecular 
weight of ~68 kDa due to a high content of N-linked carbohydrates 
and deglycosylation reduces its size to 28 kDa. This is consistent with 
sequence prediction that PCA contained three potential N-linked 
glycosylation sites (Asn21, Asn78, and Asn129). Expression in yeast 
resulted in the addition of a larger carbohydrate moiety to the protein 
than the naturally occurring snake venom enzyme. [15].

A variety of glycol conjugates are synthesized and the N-Linked 
glycans are linked to the protein backbone via an amide bond to 
asparagine residues in an Asn-X-Ser/Thr motif, where X represents 
any amino acid, except Pro. O-Linked glycans are linked to the 
hydroxyl groups of serine or threonine (Figure 2).

GPI-anchored proteins are attached at their carboxy-terminus 
through a phosphodiester linkage of phosphoethanolamine to a 
trimannosyl glucosamine core structure (Figure 3) [1,16] via a 
phosphatidylinositol (PI) group and the reducing end of the latter 
moiety is bound to the hydrophobic region of the membrane 
[1,16,17]. Monosaccharide symbols and abbreviations are presented 
in Figure 1.

In eukaryotic cells, the glycans are synthesized and modified 
in different compartments equipped with specific enzymes and the 
initial steps of the biosynthetic pathway of N-glycans seem to be 

similar in practically all organisms and only very minor modifications 
have been encountered so far [18,19]. The initial steps of the protein 
N-glycosylation occur in the rough endoplasmic reticulum (RER) 
providing an environment promoting protein folding [18,19]. 
The RER is the key organelle responsible for the quality control 
of protein folding and it is on this membrane that the site of the 
processes production of an elaborate oligosaccharide composed 
of three glucose, nine mannose and two N-acetyl-glucosamine 
residues is located. In the lumen of the endoplasmic reticulum 
(ER) lipid-linked oligosaccharides are transferred en bloc to specific 
asparagine residues of the nascent polypeptide (Asn-sequon (N-X-
S/T)) by the oligosaccharyltranferase enzyme which is evolutionarily 
conserved. All these processes are intimately associated with protein 
folding [20,21] and the biosynthetic processes and the resulting 
oligosaccharides are evolutionarily conserved in organisms ranging 
from yeast to mammals.

Classification and Structure of Glycan 
Components
N-glycosylation

All eukaryotic cells express N-linked glycoproteins and protein 
glycosylation of N-linked glycans is actually a co-translational 
event, occurring during protein synthesis. The characteristic 
of N-glycosylated proteins is a high structural diversity 
modification present in all domains of life. The acceptor substrate 
of N-glycosylation is an asparagine residue present within the 
consensus sequence N-X-S/T [1] with a preference for N-X-T over 
N-X-S sites, and reveals that proline is not tolerated in the second 
position [1,22]. Asn-N-linked glycosylation of proteins by covalent 
attachment of an oligosaccharide onto the consensus sequence which 
is generally located in an accessible peptide loop is a fundamental 

Figure 3: Glycosylphosphatidylinositol (GPI) anchored proteins. Possible modifications to Man3-GLcN Oligosaccharide core: a1-Man α-(1-2); a2- 
Phosphoethanolamine; a3- Phosphoethanolamine; a4- Gal4; a5- GalNAcβ-(1-4); a6- Fatty acid at C2 or C3 of inositol. 
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post-translational modification encountered in eukaryotes and 
prokaryotes. Intermediate oligosaccharides that are destined for 
protein incorporation are synthesized by a succession of transferases 
on the cytoplasmic side of the ER while linked to the dolichol 
lipid. Subsequently, the addition of a specific number of mannose 
and glucose molecules occurs. From the dolichol precursor the 
completed oligosaccharide is then transferred to the Asn of the target 
glycoprotein by an oligosaccharyltransferase (OST). Additional 
processing includes trimming of molecules such as glucose and 
mannose, and the addition of new molecules via transferases in the 
ER and, to a greater extent, in the Golgi apparatus [1,22]. In the 
Golgi, high mannose N-glycans can be converted in to a variety of 
hybrid and complex forms (Figure 2A). Inhibition or elimination 
of glycosylation in the study of N-linked glycans can be triggered by 
a variety of compounds. N-glycosylation is highly inhibited in the 
presence of compactin, coenzyme Q, and exogenous cholesterol. 
Treatment with tunicamycin completely blocks deglycosylation in 
that it inhibits GlcNAc C-1-phosphotransferase, which is critical in 
the formation of the dolichol precursor necessary for synthesizing 
of N-glycans [23-25]. The diverse assortment of N-linked glycans is 
based on the common core pentasaccharide, Man3GlcNAc2. Further 
processing in the Golgi results in formation of one of the three 
main classes of N-linked glycan sub-types; high-mannose, hybrid, 
and complex (Figure 2A2,3,4) and additional monosaccharides may 
occur in repeating lactosamine units. Additional modifications may 
include a bisecting GlcNAc at the mannosyl core and/or a fucosyl 
residue on the innermost GlcNAc. Complex glycans exist in bi-, 

tri- and tetraantennary shapes (Figure 2A4) [24-26]. Stability and 
solubility are two of the important features of N-glycosylation; this 
modification also protects the protein against proteases. Yeasts often 
produce very large oligomannosidic glycans but are deficient in the 
ability to synthesize complex ones. 

O-glycosylation
Different types of O-linked sugars can be distinguished; 

O-glycosylation does not begin with the transfer of an oligosaccharide 
from a dolichol precursor, as in N-glycosylation. O-linked glycosylation 
is normally initiated in the Golgi apparatus and is covalently α-linked 
via its GalNAc moiety to the –OH of serine or a threonine residue 
of the fully folded and assembled protein within a ternary formed 
complex, subsequently; a stepwise action of various glycosylation 
enzymes starting with the UDP-N-Acetyl-Alpha-D-Galactosamine is 
initiated. A family of 20 different isoforms of polypeptide N-Acetyl-
galactosamyltransferases (GalNAc-Ts) is involved in the catalysis 
of the addition of GalNAc onto serine or threonine residues [27]. 
O-Linked glycoproteins are usually large proteins (>200 kDa). 
O-GlcNAc found on nuclear and cytoplasmic proteins are further 
elongated or modified by acetylation, fucosylation, sialylation, 
sulfatation, and polylactosamine extension. O-Linked glycans tend 
to be very heterogeneous; hence they are generally classified by their 
core structure (Figure 2B). Other types of O-glycans are: α-linked 
O-mannose, O-fucose, β-linked O-xylose, O-GlcNAc, α- or β-linked 
O-galactose, and α- or β-linked O-glucose glycans [28,29].

Figure 4: Sequence and structural comparison of SVSP. (A) Multiple sequence alignment of Deinagkistrodon acutus (UniProt: Q9I8X1); Trimeresurus stejnegeri 
(UniProt: Q91516); Agkistrodon contortrix contortrix (UniProt: P09872); Daboia siamensis (UniProt: P18965); Bothrops jararacussu (UniProt: Q2PQJ3); Gloydius 
saxatilis (UniProt: Q7SZE1) highlighting the glycosylation sites (grey boxes), (B) Ribbon representations of the crystal structures of ACC-C, the side chains of 
the amino acids that form the catalytic triad are color-coded (blue, nitrogen; red, oxygen and grey, carbon. The carbohydrate moieties are color-coded (yellow, 
carbon; red, oxygen; and blue, nitrogen) (NAG - N-Acetyl-D-Glucosamine NDG - 2-(Acetyl amino)-2-Deoxy-A-D-Glucopyranose), (C) Ribbon representations of the 
model from Bothrops jararaca, the side chains of the amino acids that form the catalytic triad are color-coded (blue, nitrogen; red, oxygen and grey, carbon. The 
carbohydrate moieties are color-coded (yellow, carbon; red, oxygen; and blue, nitrogen).
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Anchor glycoproteins
GPI anchored proteins are membrane bound proteins 

encountered throughout the animal kingdom. GPI anchored proteins 
are linked at their carboxy terminus through a phosphodiester 
linkage of phosphoethanolamine to a trimannosyl-non-acetylated 
glucosamine (Man3-GlcN) core. The reducing end of glucosamine 
(GlcN) is linked to PI and then anchored via a second phosphodiester 
linkage to the cell membrane through its hydrophobic region (Figure 
3) [16,30]. They contribute to the overall organization of membrane 
bound proteins and are important in apical protein positioning.

Release of GPI anchored proteins can be accomplished by 
treatment with Phospholipase C, Phosphatidylinositol specific 
(PLC-PI) (Figure 3-Blue box). The enzyme specifically hydrolyzes 
the phosphodiester bond of PI to form a free 1,2-diacylglycerol and 
glycopeptide-bound inositol cyclic-1,2-phosphate [16].

Isolation purification and analysis
The glycosylation pattern of a specific cell or organism is usually 

elucidated by the analysis of the carbohydrate structures. As one of 
the most efficient techniques for protein analysis, SDS-PAGE and 
2-dimensional (2D) gel electrophoresis are often used as the first step 
for the analysis of glycoproteins. Separation of different glycol forms is 
very intricate due to heterogeneous glycosylation patterns. The glycan 
structures are released from the protein by specific glycopeptidases 
followed by labeling with a fluorescent dye. Usually, analysis is 
then carried out by two-dimensional HPLC and MS methods. 
Complementary information on the type of glycans attached can 
be obtained by combining gel electrophoretic analysis and/or lectin 
probing with treatment by specific exo- and endo-glycosidases 
as well as respective amidases [31]. Currently, biopharmaceutical 
glycosylation profiles are most commonly determined on glycans 
released from the protein backbone either chemically (for example by 
hydrazinolysis) or enzymatically (i.e. using PNGase F). The released 
glycans are then purified from non-glycan contaminants [32]. The 
protocol for purification has to be optimized for each kind of tissue 
separately, owing to the highly complex sample [31,32]. Proteomic 
analysis by MS such as MALDI-TOF in combination with ESI-MS 
can provide structural information of the glycans [32-34]. Due to 
the high complexity, considerable expertise is necessary for MS data 
analysis.

Snake venom glycoproteins
Snake venoms are complex mixtures of biologically active 

proteins and the proteinases present in the venoms are classified 
into trypsin-like serine proteinases and metalloproteinases. These 
complex mixtures contain an abundance of glycoproteins with N- 
linked carbohydrates, more rarely O-linked carbohydrates that can 
influence activity and specificity of the toxin. 

Many of the glycoproteins of snake venoms are enzymes which 
belong to the serine protease group and affect the hemostatic 
system via several mechanisms [35-37]. The principal activity 
of thrombin-like serine proteinases is in fibrin clot formation at 
the end of the blood clotting cascade. Enzymes able to affect the 
hemostatic system are divided into four groups: (i) coagulant and 
procoagulant, (ii) anticoagulant, (iii) inhibitors of platelet function, 
and (iv), activators of the fibrinolytic system [38]. The literature 
reports the remarkable biochemical diversity of snake venom serine 
proteinases. In particular, the reported molecular weights range from 
25 to 28 kDa to values as high as 65-70 kDa, although the primary 

structures of many serine proteinases indicate a molecular weight of 
< 28 kDa [37,39-42]. This discrepancy suggests a major role of post-
translational modification (PTMs) in the molecular diversity of serine 
proteases, among which glycosylation could be the most prominent 
[36]. Paes Leme et al. (2008), described a trypsin-like serine protease 
BPA (Bothrops protease A) with a molecular mass of the 25,409 Da 
but with an apparent molecular weight of 67 kDa obtained by SDS 
polyacrylamide gel electrophoresis, implying that 62% of the total 
molecular mass is due to carbohydrate moieties [7]. 

The snake venom metalloproteinases (SVMPs) are among the 
most widely studied animal toxins. Several metalloproteinases have 
been isolated from different snake venoms and their molecular 
masses range from 20 to 100 kDa. SVMPs are responsible for different 
systemic effects observed in envenomation which include either pro- 
or anti-coagulant effects by the proteolysis of plasma components 
[40]. The metalloproteinases have been grouped into 4 classes: P-I 
class encompasses the enzymes that only contain a zinc-dependent 
catalytic domain; P-II class members contain a disintegrin domain in 
addition to the catalytic domain; P-III class includes the P-II enzyme 
and the cysteine-rich domain; and P-IV class has an additional lectin-
like domain linked by disulfide bonds to a P-III SVMP [40]. SVMPs 
of all classes cause hemorrhage at the site of envenomation, however, 
the P-III class enzymes are the more hemorrhagic and contain large 
carbohydrate moieties [6,40]. 

Serine proteinases
Snake venom serine proteinases (SVSPs) present N- or O- 

glycosylation sites that differ considerably from one another [6]. 
Potential glycosylation sites may be conserved among snake venom 
proteins into families. Glycosylation in loops in close proximity to 
the catalytic sites are most frequently observed and this confers high 
specificity to the protein which is lost when deglycosylated (Figure 
4). Currently, more than 120 amino acids sequences of SVSP are 
available in the NCBI (http://www.ncbi.nlm.nih.gov/) and UniProt 
(http://www.uniprot.org/) databanks. Serine peptidase of viperidae 
snake venom contains the catalytic triad residues, a motif common 
to serine peptidases of the chymotrypsin family (corresponding 
to His57, Asp102, and Ser195 in the chymotrypsin based sequence 
numbering). The sequence alignment of some snake venom serine 
proteinases and prediction of N-glycosylation sites indicates that 
these are located close to histidine and aspartic acid residues of the 
catalytic triad (Figure 4A). The figure 4B presents the serine proteinase 
structure from Agkistrodon contortrix contortrix (ACC-C) (PDB ID: 
2AIP) and since the carbohydrates are extremely flexible molecules, 
they may occlude the entrance to active site [43,44].

Recently we have solved the structure of a serine proteinase from 
Bothrops jararaca HS114 (to be publish). The model presents just one 
glycosylated site (Asn35) composed with N-acetyl-D-Glucosamine - 
NAG and Alpha-L-Fucose –FUC as presented in figure 4C.

ACC-C contains 16% carbohydrate N-linked, the consensus 
signal sequence for the attachment of carbohydrate moieties was 
identified at positions 38, 96a, and 148 [44]. Clear electron density 
map of a thrombin-like protein from Agkistrodon contortrix 
contortrix venom indicated N-glycosylation at positions Asn96a and 
Asn148 (Figure 4B) [45-47]. Some glycosylation sites are present 
close to the active site and probably play a role in restricting access 
of large ligand molecules such STI and BPTI [43-45]. Thus, it 
appears that glycosylation in serine proteases creates steric hindrance 
and plays a role in selectivity [43-45]. Agkistrodon acutus possess 
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two serine proteinase isoform, AaV-SP-I and AaV-SP-II both of 
which contain an N-linked carbohydrate group at position 35 and 
these N-linked carbohydrate interfere spatially with the binding of 
some macromolecular inhibitors, and thus, may be involved in the 
regulation of enzyme-inhibitor interactions and catalytic activities 
[44-46].

Interestingly, glycosylation lends greater thermal stability to the 
thrombin-like enzyme (TLE) isolated from B. jararacussu venom (BJ-
48). However, the deglycosylation increases susceptibility to trypsin 
inhibitors such as soybean trypsin inhibitor (STI) [36]. In the case 
of Bothrops protease A (BPA), isolated from B. jararaca venom, the 
presence of glycosylation is responsible for the observed thermal 
stability. Serine proteinase inhibitors such as STI, bovine pancreatic 
trypsin inhibitor (BPTI), and antithrombin III fail to inhibit BPA, 

probably due to the steric hindrance caused by the carbohydrate 
moieties, however, inhibition by small inhibitors such as benzamidine 
[7,39,47] is not affected. The susceptibility of the enzyme to protein 
inhibitors is not increased by partial deglycosylation of BPA but 
activity toward both fibrinogen and D-Val-Leu-Arg-pNA was higher 
[7]. Deglycosylation indicates a functional trade-off between optimal 
enzyme activity and in vivo stability, showing that the protective effect 
of glycosylation is not without a price in terms of enzyme efficiency.

SVSPs can be easily purified from crude venoms by a variety of 
chromatographic techniques. Generally, the process of separation 
starts with a fractionation based on size exclusion chromatography 
followed by either ion-exchange and/or affinity binding (i.e. 
benzamidine sepharose) chromatography [48,49].

Figure 5: Sequence and structural comparison of SVMP. (A) Sequence alignment of metalloproteinase P-III Class with the respective glycosylation site shown in 
grey boxes. Crotalus atrox (Uniprot: Q9DGB9 and Q90282); Daboia siamensis (Uniprot: Q7LZ61). (B) Ribbon diagrams of VAP2, the carbohydrate moieties are 
color-coded (yellow, carbon; red, oxygen; and blue, nitrogen). The carbohydrate moiety linked to N371 is shown as a stick representation (BMA: Beta-D-Mannose, 
NAG: N-Acetyl-D-Glucosamine, FUC: Alpha-L-Fucose). The M-domain, disintegrin and cysteine-rich domain are shown in green, pink, and grey, respectively. 
Calcium ions are represented as orange spheres.
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Metalloproteinases
Degradation of the components of the basement membranes 

underlying capillary endothelial cells is the essentially action of the 
SVMP and is caused by the disruption of the cell vessel wall, allowing 
the leakage of the contents into the stroma. The hemorrhagic 
activity is among the major lethal factors in viper snake venom bites. 
However, certain SVMPs do not possess hemorrhagic activity, but 
trigger the homeostasis mediated by pro- or anti-coagulant effects. 
The molecular weights of metalloproteinases from snake venoms can 
vary from 20 to 100 kDa and belong to different classes according to 
their domain organization [40,50].

BmooMPα-I from Bothrops moojeni, belongs to the P-I class of 
SVMPs and possesses fibrinogenolytic activity [51,52]. BaP1 from 
Bothrops asper presents hemorrhagic, inflammatory and myonecrotic 
activities [53,54]. On the other hand, VaF1, a P-III fibrinogenolytic 
metalloproteinase from Vipera ammodytes ammodytes venom, 
presents two consensus N-glycosylation sites that are present in the 
sequence of two sites, in the MP domain and/or in the cysteine-rich 
domain. The extent of its glycosylation is low, representing only 
5.2% of the total molecular mass of the protein [55]. Oliveira et al. 
(2010), described the structural effect of glycosylation in four SVMPs 
from Bothrops jararaca [56]. One of the proteins is HF3 a P-III class 
metalloproteinase which is highly glycosylated is approximately 80 
times more haemorrhagic than bothropasin (P-III class) which has a 
minor carbohydrate moiety. The degradation profiles of fibrinogen, 
fibronectin, vitronectin, von Willebrand factor, collagens IV and 
VI, laminin, and Matrigel™; present a different profile for diverse 
metalloproteinase P-I and P-III classes, however, bothropasin (P-III) 
was also able to degrade collagen I. Two of these metalloproteinases, 
bothropasin and BJ-PI lose their structural stability when they are 
N-deglycosylated. Nevertheless, HF3 remained intact, although it’s 
haemorrhagic and fibrinogenolytic activities were partially affected 
[56]. The carbohydrate moieties of highly glycosylated, hemorrhagic 
SVMP may play a role in their stability and interaction with key 
substrates of the extracellular matrix in vivo.

HF3 is a highly glycosylated P-III class proteinase composed of 
416 residues, with a calculated molecular mass of approximately 46 
kDa. Including the five N-glycosylation sites, the molecular mass was 
estimated by SDS-PAGE to be 70 kDa, implying that about 35% of 
its molecular mass assessed by SDS-PAGE is due to carbohydrate 
moieties. Bothropasin is far less haemorrhagic, although highly 
proteolytic, P-III class proteinase that contains 421 residues (approx. 
molecular mass 46.6 kDa), including one N-glycosylation site, the 
estimated SDS-PAGE shows approx. 48 kDa [57]. Catrocollastatin/
vascular apoptosis-inducing protein VAP2 is a metalloproteinase 
from Crotalus atrox, possessing Metalloprotease/Disintegrin-like/
Cysteine-rich (MDC) domains is a single chain protein with a 
molecular mass of 55 kDa and is composed of 419 amino acids. The 
protein bears the classic domain architecture of a disintegrin and 
metalloproteinase ADAM (A Disintegrin and Metalloproteinase) 
family protein (Figure 5A and B).

Native pro-Agkistrodon contortrix laticinctus hemorrhagic 
toxin-I (ACLH) was tested with five lectins for specific binding to 
carbohydrate moieties and indicates sialic acid terminally α(2–6)-
linked to galactose. Deglycosylation of native ACLH produced a 
shift in the mobility in SDS-PAGE (approximately 10% in molecular 
weight), indicating that post-translational glycosylation contribution 
to the total protein molecular mass and native and deglycosylated 

enzymes exhibited similar kinetic parameters [58]. Garcia and 
colleagues (2004), showed that ACLH has sialic acid terminally α(2–6)-
linked to galactose in a complex N-glycan chain and the recombinant, 
non-glycosylated and native proteins hydrolyzed the fluorophore 
substrate with evident differences in their kinetic parameters [58]. 
The hydrodynamic volume occupied by the carbohydrate moieties is 
significantly larger as many studies suggest and is probably important 
for the observed protein conformation and folding [43,58].

Structural studies
Since glycosylation is chemically and structurally heterogeneous, 

it can interfere with the formation of single crystals suitable for 
structural studies. Glycoproteins can be crystallized in a wide 
range of conditions and trials are usually set up using similar 
crystallization screens as non-glycosylated proteins. Many reviews 
have addressed this problems related to glycoprotein crystallization 
such as the increase in surface entropy associated with large post-
translational modifications [59]. However, it is to be noted that the 
presence of glycans can be an advantage for crystallization as they 
can form essential intermolecular contacts in crystal lattices [60] 
and crystallization trials with more than one glycoform can be 
advantageous.

Due to the flexibility of the glycan chains, the X-ray crystal 
structures are only able to determine the positions and structures 
of only the initial GlcNAc residue even if additional sugar residues 
are attached to the protein since the electron density for additional, 
flexible, sugar residues is often diffuse or is even totally absent. In rare 
cases, more of the oligosaccharide chain can be observed in electron 
density maps when it is involved in forming either crystal contacts or 
when it is interacting with the polypeptide chain, thus, restricting the 
flexibility of the carbohydrate chain [61].

Function
Post-translation modifications play a key role in structure-

function properties of the proteins or enzymes. Pos-translational 
attachment of carbohydrates to proteins is known as glycosylation 
which takes place primarily in the endomembrane system. Most 
of the snake venom thrombin-like enzymes are attached through 
N-glycosylation. It has been well documented that glycosylation 
is required for the proper folding and efficient secretion of many, 
but no all glycoprotein. Hence, the importance of the carbohydrate 
on protein folding, secretion or for any other purpose must be 
determined for each individual glycosylated protein. The exact role 
of glycosylation on snake venom thrombin-like enzymes (SVTLEs) is 
still unclear and many incomplete and conflicting data are available. 
Some of the predicted functions are: thermostability that protects 
the enzyme from thermal denaturation [36]; catalytic resistance 
against extreme pH and temperature [62]; role of glycosylation 
against inhibition of enzyme activity. Some N-linked carbohydrate 
residue(s) may be involved in steric blockage of a particular inhibitor 
to the enzyme active site [36]; role of glycosylation on alteration of 
catalytic activity of the enzyme. Many studies have demonstrated that 
glycosylation improves the catalytic efficiency of SVTLEs towards the 
macromolecular substrates such as fibrinogen [36,39,42,47]. However, 
PaesLeme et al. 2008, observed that partial removal of N-linked 
carbohydrate residues from BPA, a SVTLE from Bothrops jararaca 
resulted in increase in its fibrinogenolytic activity compared to native, 
the partial deglycosylation may have facilitated its interaction with 
fibrinogen [7].
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Conclusions
Many critical biological processes such as cell adhesion, adaptive, 

innate immunity and cell signaling depend on the ability of proteins 
to identify and differentiate between carbohydrate molecules. The 
structure determination of flexible and dynamic molecules is a 
great challenge and 3D structural characterization of carbohydrate–
protein complexes is required to obtain a better understanding of the 
structural and dynamic properties of carbohydrates. Crystallography 
and NMR spectroscopy have added the first rungs of the technical 
ladder that leads to high throughput methods for carbohydrate 
structure determination. Experimental and computational methods 
offer a new, alternative path to determining the 3D structures of 
carbohydrate–protein complexes by characterizing the interaction of 
interfaces between sugar and protein molecules. NMR strategies that 
use partially oriented samples, in combination with computational 
simulations, are a promising path for 3D carbohydrate–protein 
structure determination. Considerable expansion in glycomics 
capabilities is required to fully exploit protein glycosylation for the 
development of the next generation of therapies using those proteins.

The analysis of snake venom glycosylation is an emerging field 
in glycobiology and a number of structures have been determined 
recently and several completely new glycan modifications have been 
characterized.The investigation of glycosylation capacities combined 
with the analysis of substrate specificity is a growing field in this area 
and promises new insights. 
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