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Abstract 

Silkworm Bombyx mori is one of the insect hosts for recombinant protein production at 

academic and industrial levels. B. mori and other insect cells can produce mammalian 

proteins with proper posttranslational modifications, such as N-glycosylation, but the 

structures of N-glycans in B. mori are mainly high mannose- and paucimannose-type, 

while mammals also produce hybrid- and complex-type glycans. Recently, complex-type 

N-glycans whose structures are different from mammalian ones have been identified in 

some insect cell N-glycomes at very low levels compared with levels of high mannose- 

and paucimannose-type glycans. However, their functions and the enzymes involved in 

the biosynthesis of insect complex-type N-glycans are not clear, and complex-type N-

glycans, except for N-acetylglucosamine-terminated glycans, are still not identified in the 

B. mori N-glycome. Here, we focused on the β-1,4-galactosyltransferase family (also 

known as glycosyltransferase family 7, GT7) that contains mammalian β-1,4-

galactosyltransferase and insect β-1,4-N-acetylgalactosaminyltransferase. A gene for a 

GT7 protein (BmGalNAcT) from B. mori was cloned, expressed in a soluble form using 

a silkworm expression system, and the gene product showed strict β-1,4-N-

acetylgalactosaminyltransferase activity but not β-1,4-galactosyltransferase activity. A 

mutation in Ile298 or Ile310, which are predicted to be located in the active site, reduced 

its glycosyltransferase activity, suggesting that these residues and the corresponding 

residues are responsible for substrate specificity of GT7. These results suggested that 

BmGalNAcT may be involved in the complex-type N-glycans, and moreover, 

bioinformatics analysis revealed that B. mori might have an extra gene for a GT7 enzyme 

with different specificity in addition to the known insect GT7 glycosyltransferases. 
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1. Introduction 

 

Glycoconjugates play important roles in numerous biological processes, including 

development, differentiation, cellular interaction, and viral infection (Varki, 2017). In 

eukaryotes, protein glycosylation is one of the most common co- and posttranslational 

modifications of proteins and is involved in protein folding, function, stability, and 

trafficking (Apweiler et al., 1999; Helenius et al., 2001; Moremen et al., 2006). 

Glycosylation of proteins is divided into several types based on linkages between 

carbohydrates and amino acid residues, e.g., N-glycosylation and O-glycosylation. N-

glycosylation is a relatively well-studied protein modification that occurs in the 

endoplasmic reticulum (ER), where a precursor of tetradecasaccharide 

Glc3Man9GlcNAc2 (Glc, glucose; Man, mannose; GlcNAc, N-acetylglucosamine) is 

transferred to an asparagine residue in the Asn-X-Ser/Thr motif (where X is any amino 

acid residue except for Pro) of a nascent polypeptide. N-glycans are further processed by 

glycoside hydrolases and glycosyltransferases that are located in the ER and Golgi 

apparatus to produce many types of N-glycans, such as high mannose-type, hybrid-type, 

and complex-type glycans. The sequential monosaccharide trimming from the glycan 

precursor by α-glucosidase I, α-glucosidase II and α-mannosidase in the ER produces 

oligomannosidic N-glycans, which are extremely conserved among eukaryotes (Miyazaki 

et al., 2011; Moremen et al., 1994). In contrast, in the later steps of glycan processing, 

several Golgi-resident enzymes modify the structure of N-glycans, which diverge 

significantly among different phyla and kingdoms (Wilson, 2002). 

Insects and their cultured cells produce mainly high mannose-type and 

paucimannose-type N-glycans that contain 2–9 mannose residues and are partially core-

fucosylated with α-1,3 and α-1,6 linkages (Kajiura et al., 2015; Koles et al., 2007; Kurz 

et al., 2015; Liu et al., 2019; Santon et al., 2017; Scheys et al., 2019). Insect cells are 

widely used to produce recombinant proteins because of the high productivity and 

capability of proper posttranslational modifications, including N-glycosylation, but 
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structural differences in N-glycans between insect and mammalian cells influence the 

biological activity of recombinant glycoproteins, especially when they are applied to 

biopharmaceuticals. For instance, core fucosylation and degalactosylation of 

immunoglobulin G1 N-glycans negatively affect antibody-dependent cellular cytotoxicity 

and complement-dependent cytotoxicity, respectively (Hodoniczky et al., 2005; Sakae et 

al., 2017; Shinkawa et al., 2003). To address this problem, several research groups have 

established approaches for the conversion of the N-glycan structure of recombinant 

glycoproteins expressed in insect cultured cells into mammalian-like N-glycan structures 

(Aumiller et al., 2003, 2012; Breitbach et al., 2001; Geisler and Jarvis, 2012; Hollister et 

al., 1998, 2001, 2002; Jarvis et al., 2001; Mabashi-Asazuma et al., 2013, 2014; 

Palmberger et al., 2012; Palomares et al., 2003; Suganuma et al., 2018; Tomiya et al., 

2003). 

Recent studies have revealed that insects produce a variety of complex-type N-

glycans at much lower levels compared to high mannose- and paucimannose-type N-

glycans (reviewed in Paschinger and Wilson, 2019). Not only neutral sugars (Gal, 

GlcNAc, and GalNAc) but also anionic sugars (glucuronic acid) and anionic and 

zwitterionic modifications (sulfate, phosphorylcholine, and phosphoethanolamine) have 

been observed in the N-glycomes of dipterans (Drosophila melanogaster [Aoki and 

Tiemeyer, 2010], Anopheles gambiae and Aedes aegypti [Kurz et al., 2015]), 

lepidopterans (Trichoplusia ni and Lymantria dispar [Santon et al., 2017]), and royal jelly 

glycoproteins (Hykollari et al., 2018). Though causing controversy, terminally sialylated 

N-glycans were found only in D. melanogaster embryos (Aoki et al., 2007; Koles et al., 

2007). Moreover, in the past two decades, glycosyltransferases, which were suggested to 

be involved in complex-type glycan biosynthesis, including β-1,2-N-

acetylglucosaminyltransferase II (β2GnTII) (Geisler and Jarvis, 2012; Miyazaki et al., 

2019), β-1,4-N-acetylgalactosaminyltransferase (β4GalNAcT) (Haines and Irvine, 2005; 

Vadaie and Jarvis, 2004) and sialyltransferase (Kajiura et al., 2015; Koles et al., 2004), 

have been identified in insects. Some glycosyltransferases have been reported to affect 
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the development of the pest beetle Tribolium castaneum (Walski et al., 2016); however, 

the details of the physiological function of insect complex-type glycans are not clear. 

Domestic silkworm Bombyx mori is used for the production of recombinant proteins 

via baculovirus vector and transgenic techniques (Kato et al., 2010; Maeda et al., 1985). 

We have also expressed several glycoproteins using the B. mori nucleopolyhedrovirus 

(BmNPV) bacmid (Ishikiriyama et al., 2009; Miyazaki et al., 2018; Motohashi et al., 

2005; Ogata et al., 2009; Sasaki et al., 2009), which is a derived from BmNPV genomic 

DNA, and converted N-glycans of immunoglobulin G1 expressed in silkworm pupae into 

the mammalian-like structure by transfecting human β2GnTII and β-1,4-

galactosyltransferase (β4GalT) genes related to the complex-type N-glycan biosynthesis 

(Kato et al., 2017). In a previous study, recombinant human β-1,3-

glucosaminyltransferase 2 expressed in silkworm larvae had an unusual N-glycan with 

bisecting GlcNAc and terminal Gal without introducing mammalian GTs (Dojima et al., 

2009). However, there are fewer studies on glycan-related enzymes in B. mori than in D. 

melanogaster and other lepidopterans, and glycosyltransferases that catalyze the 

formation of the unusual glycan structure are not identified. 

Here, we focused on the β4GalT family, also known as glycosyltransferase family 

7 (GT7), in the CAZy database (http://www.cazy.org/) (Lombard et al., 2014). The GT7 

family contains mammalian β4GalT that elongates the complex-type N-glycan by adding 

a β-1,4-Gal residue whereas its orthologs from the insects D. melanogaster and T. ni 

prefer GalNAc to Gal (Haines and Irvine, 2005; Vadaie and Jarvis, 2004). In this study, 

we cloned and enzymatically characterized the B. mori β4GalT ortholog and identified it 

as β4GalNAcT. Mutational analysis of the enzyme revealed that two amino acid residues 

are important for the recognition of GalNAc in donor substrate, and moreover, the 

distribution of β4GalT and β4GalNAcT in the GT7 family was discussed based on 

bioinformatics analysis. 
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2. Materials and Methods 

 

2.1. Chemicals 

p-Nitrophenyl β-D-glucopyranoside (Glcβ-pNP), p-nitrophenyl β-D-

galactopyranoside, p-nitrophenyl N-acetyl-β-D-glucosaminide (GlcNAcβ-pNP), p-

nitrophenyl N-acetyl-β-D-galactosaminide (GalNAcβ-pNP, p-nitrophenyl α-D-

mannopyranoside (Manα-pNP), uridine-5’-diphosphogalactose (UDP-Gal), and uridine-

5’-diphospho-N-acetylgalactosamine (UDP-GalNAc) were purchased from Merck 

(Darmstadt, Germany). GlcNAcβ1–3GalNAcα-pNP and GalNAcβ1–4GlcNAcβ-pNP 

were obtained from Tokyo Chemical Industry (Tokyo, Japan). Galβ1–4GlcNAcβ-pNP 

was synthesized previously (Usui et al., 1993). The fluorescent pyridylaminated (PA) 

glycans used were purchased from Masuda Chemical Industries (Takamatsu, Japan). All 

other reagents were of analytical grade and purchased from Wako Pure Chemical Industry 

(Osaka, Japan) or Merck unless otherwise stated. 

 

2.2. Transcriptional analysis 

First- to fifth-instar larvae, pupae, and adults (Ehime Sanshu, Ehime, Japan) were 

flash-frozen in liquid nitrogen and ground to powder. Total RNA was extracted from the 

resulting powder using TRIzol reagent (Thermo Fisher Scientific, Waltham, MA, USA). 

The first-strand cDNA was synthesized with a PrimeScript RT reagent kit (Takara Bio, 

Kusatsu, Japan) according to the manufacturer's protocol. The expression of the 

BmGalNAcT gene was analyzed using quantitative PCR (qPCR) using THUNDERBIRD 

SYBR qPCR Mix (Toyobo, Osaka Japan) and the gene-specific primer set 

BmGalNAcT_F and BmGalNAcT_R (Table 1). The program for thermal cycling was 

performed using the Mx3000P system (Agilent Technologies, Santa Clara, CA, USA); 

the cycling conditions were 15 s denaturation at 95°C and 60 s annealing/extension at 

60°C. The gene for glyceraldehyde-3-phosphate dehydrogenase (BmGAPDH) was also 

amplified as a reference using the BmGAPDH_F and BmGAPDH_R primers (Table 1). 
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The entire experiment was performed in three independent biological replicates. 

Quantification of the relative transcript abundance was achieved using the ΔΔCq method. 

Primers for qPCR were designed using the Primer-BLAST server 

(https://www.ncbi.nlm.nih.gov/tools/primer-blast/) (Ye et al., 2012). 

 

2.3. Construction of the BmNPV bacmid and mutagenesis 

DNA fragments encoding full-length BmGalNAcT were amplified by PCR using 

the synthesized cDNA from a fifth-instar larva as a template and a pair of primer sets, 

BmGalNAcT_EcoRI_F and BmGalNAcT_XbaI_R (Table 1), followed by subcloning 

into the pFastBac1 vector (Thermo Fisher Scientific). The transmembrane region of 

BmGalNAcT was predicted using the TMHMM server 

(http://www.cbs.dtu.dk/services/TMHMM/) (Krogh et al., 2001). DNA fragments 

encoding the N-terminally FLAG (DYKDDDDK)-tagged BmGalNAcT (Asp38–Ser420) 

without putative cytosolic and transmembrane regions were amplified by PCR using the 

synthesized cDNA as a template and a pair of primers, FLAG-BmGalNAcTΔ37_F and 

BmGalNAcT_XbaI_R (Table 1). A sequence encoding bombyxin secretion signal peptide 

(MKILLAIALMLSTVMWVST) was added by PCR using the resultant DNA fragment 

as a template and a pair of primers, EcoRI-Bx-FLAG_F and BmGalNAcT_XbaI_R 

(Table 1), and then the products were ligated into the pFastBac1 vector using EcoRI and 

XbaI restriction sites. The constructs were verified by DNA sequencing. Escherichia coli 

BmDH10Bac-CP−-Chi− competent cells, which contain cysteine protease- and chitinase-

deficient BmNPV bacmid (Park et al., 2008), were transformed with the resultant plasmid 

and cultured on LB agar plate medium containing 50 μg/mL kanamycin, 7 μg/mL 

gentamicin, 10 μg/mL tetracycline, 40 μg/mL isopropyl β-D-1-thiogalactopyranoside, 

and 100 μg/mL 5-bromo-4-chloro-3-indolyl-4-galactopyranoside at 37°C for 2 days. The 

recombinant BmNPV bacmid containing the BmGalNAcT gene was extracted from a 

white positive colony after blue-white selection. 

Site-directed mutagenesis was performed using the QuikChange Site-Directed 
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Mutagenesis Kit (Agilent Technologies, Santa Clara, CA, USA) with the desired primers 

(Table 1) and the pFastBac1 vector harboring the gene coding the soluble form of 

BmGalNAcT as a template according to the manufacturer’s protocol. The recombinant 

BmNPV bacmids for BmGalNAcT mutants were constructed using the resultant plasmids 

in the same manner as the wild-type enzyme. 

 

2.4. Expression and purification of recombinant BmGalNAcT 

To express the recombinant BmGalNAcT (rBmGalNAcT), chitosan/rBmGalNAcT 

bacmid complexes were prepared as described previously (Kato et al., 2016) and then 

injected into fifth-instar silkworm larvae. The bacmid-injected larvae were reared on an 

artificial diet (Silkmate S2, Nohsan Corp., Yokohama, Japan) at 26°C for 6 days. 

Hemolymph was collected by cutting a caudal leg of larvae in a tube and then mixed with 

1 mM 1-phenyl-2-thiourea. The fat body was harvested by cutting and dissection. The 

hemolymph and fat body samples were stored at −80°C until further analysis. The 

hemolymph was mixed with 9 volumes of 50 mM Tris-HCl buffer (pH 7.4) containing 

300 mM NaCl and 16% polyethylene glycol 4,000 and incubated at 4°C overnight. The 

insoluble materials were removed by centrifugation at 12,000×g for 10 min, and the 

supernatant was applied onto DDDDK-tagged Protein Purification Gel (Medical and 

Biological Laboratories, Nagoya, Japan). The column was washed with 50 mM Tris-HCl 

buffer (pH 7.4) containing 300 mM NaCl and 0.1% Triton X-100, and then the FLAG-

tagged protein was eluted with 100 μg/mL FLAG-tag peptide (Medical and Biological 

Laboratories). The fraction containing rBmGalNAcT was buffer-exchanged into 50 mM 

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)-NaOH buffer (pH 6.0) 

using an Amicon Ultra centrifugal device (Merck). Protein expression and purity were 

confirmed by SDS-PAGE with Coomassie brilliant blue (CBB) staining and western 

blotting using an anti-DDDDK-tag monoclonal antibody (Medical and Biological 

Laboratories) as the primary antibody and an anti-mouse IgG antibody labeled with 

horseradish peroxidase (Medical and Biological Laboratories) as the secondary antibody. 
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The protein concentration was determined by the bicinchoninic acid method using a 

Pierce BCA Protein Assay Kit (Thermo Fisher Scientific) and bovine serum albumin as a 

standard. 

 

2.5. Enzyme assay 

To measure the glycosyltransferase activity, a reaction mixture containing 50 μg/mL 

rBmGalNAcT, 1 mM acceptor substrate (0.1 μM in the case of PA-glycans), 1 mM donor 

substrate, 10 mM MnCl2, 1 mg/mL bovine serum albumin, and 50 mM HEPES-NaOH 

(pH 6.0) was prepared and incubated at 37°C. To examine the effect of pH on 

glycosyltransferase activity, the same reaction mixtures, with the exception that 50 mM 

sodium acetate (pH 4.0–5.0) and HEPES-NaOH (pH 5.0–8.0) buffers were used, were 

incubated at 37°C for 1 min. The effect of temperature was examined at 20–50°C using 

50 mM HEPES-NaOH buffer (pH 6.0). The metal dependency was investigated at 37°C 

in 50 mM HEPES-NaOH buffer (pH 6.0) with 10 mM MgCl2, CaCl2, or CoCl2 instead of 

MnCl2. After incubation, the reaction mixtures were boiled for 5 min to quench the 

enzymatic reaction. 

The amounts of products were measured by reverse phase high-performance liquid 

chromatography (RP-HPLC) using an HPLC system equipped with LC-10AD VP pumps 

(Shimadzu, Kyoto, Japan). The reaction mixtures containing pNP sugars were applied to 

a Mightysil RP-18 GP column (4.6 mm × 250 mm, Kanto Chemical Co., Tokyo, Japan) 

and eluted using 10% (vol/vol) methanol, followed by detection using an SPD-10AVvp 

UV-VIS detector at a wavelength of 300 nm. The products of PA-glycans were applied to 

a TSKgel ODS-80TM column (4.6 mm × 250 mm, Tosoh, Tokyo, Japan), eluted with 100 

mM ammonium acetate buffer (pH 4.0), and monitored using an RF-10A XL fluorescence 

detector (Shimadzu) at 320 nm excitation and 400 nm emission. The flow rate was 1.0 

mL/min, and the column temperature was 40°C in both cases. 

 

2.6. Glycan digestion 
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The recombinant protein was denatured and deglycosylated with peptide:N-

glycanase F (PNGase F, Takara Bio) according to the manufacturer’s protocol. For the 

activity measurement, rBmGalNAcT was treated with PNGase F in native conditions. 

 

2.7. Bioinformatics, phylogenetics, and homology modeling 

The DELTA-BLAST server (https://blast.ncbi.nlm.nih.gov/) (Boratyn et al., 2012) 

was used to search for homologous proteins, and the dbCAN server 

(http://bcb.unl.edu/dbCAN2/) was used to annotate uncharacterized proteins based on the 

CAZy classification (Zhang et al., 2018). Sequence alignment was performed using the 

MUSCLE algorithm (Edgar, 2004), and phylogenetic analysis was carried out with the 

maximum likelihood method using MEGA X software (Kumar et al., 2018). A 

phylogenetic tree was described using the iTOL v4 server (Letunic et al., 2018). The 

homology model of BmGalNAcT was produced using the SWISS-MODEL server 

(https://swissmodel.expasy.org) (Biasini et al., 2014) using the amino acid sequence of 

BmGalNAcT and the coordinates of human β4GalT1 (PDB: 2AGD) as a template. 

Figures were prepared using PyMOL (http://www.pymol.org/). 

 

 

3. Results and Discussion 

 

3.1. Identification and expression of the BmGalNAcT gene 

The DELTA-BLAST search using the amino acid sequence of human β4GalT1 

(GenBank: NP_001488.2) found eleven putative protein sequences from B. mori with 

more than 20% sequence identity (Supplementary Fig. S1). These can be isoforms of 

seven putative glycosyltransferases, which have been annotated as β-1,4-N-

acetylgalactosaminyltransferase bre-4-like (XP_021205072.1, XP_021205073.1, 

XP_021205074.1), β-1,4-galactosyltransferase 7 (XP_004933019.1, XP_004933020.1), 

β-1,4-N-acetylgalactosaminyltransferase bre-4 (XP_021203993.1), β-1,4-
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galactosyltransferase 1-like (XP_004926306.3), uncharacterized protein LOC101738741 

(XP_004926305.1), glycosyltransferase (XP_012545893.1, XP_012545894.1, 

NP_001243988.1), and chondroitin sulfate synthase 1 (XP_012545235.1). The dbCAN 

annotation server indicated that all the proteins are classified into the glycosyltransferase 

family 7 (GT7), which is based on the CAZy classification (Lombard et al., 2014), as well 

as mammalian β4GalT1, which is involved in the complex-type N-glycan biosynthesis 

and lactose biosynthesis (Ramakrishnan and Qasba, 2001). 

GT7 enzymes have been reported to transfer Gal and/or GalNAc residues from 

UDP-Gal and/or UDP-GalNAc donors to other oligosaccharides with a β-1,4 linkage. 

Among B. mori GT7 proteins, putative glycosyltransferase (XP_012545894.1), named 

BmGalNAcT, has the highest sequence identity (36.5%) with human β4GalT1 and 

phylogenetically belongs to the same clade, including insect β4GalNAcTs. The 

expression profile of BmGalNAcT was investigated by quantitative reverse transcription 

PCR using BmGalNAcT-specific primers and cDNA derived from B. mori larvae, pupae, 

and adults. The BmGalNAcT gene was ubiquitously expressed in all the stages tested, and 

the expression level particularly increased in the pupal and adult stages (Fig. 1). Walski 

et al. reported that the highest expression level of beetle T. castaneum β4GalNAcTA, 

which is orthologous to BmGalNAcT, was observed in the pupal stage (Walski et al., 

2016). Recently, differences between males and females of the planthopper Nilaparvata 

lugens N-glycome were reported (Scheys et al., 2019). The amount of high mannose-type 

N-glycans was increased in female insects compared to that in male insects, while the 

complex-type N-glycan profiles were similar. Moreover, the expression levels of several 

N-glycan-related genes were different between male and female adults of N. lugens. 

However, no remarkable difference was observed in the expression levels of BmGalNAcT 

in male and female adults of B. mori (Fig. 1). 

The DNA encoding the full-length BmGalNAcT was cloned and then sequenced 

(DDBJ/EMBL/GenBank accession number is LC481643). BmGalNAcT comprises 420 

amino acids, and its theoretical molecular weight is 47,722; it was predicted to be a 
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transmembrane protein with a hydrophobic region at the N-terminus (Ala15–Leu37) by 

the TMHMM server, like the mammalian β4GalT1 and insect β4GalNAcT enzymes, 

which have been reported to be localized in the Golgi apparatus (Haines and Irvine, 2005; 

Teasdale et al., 1992; Vadaie and Jarvis, 2004). 

 

3.2. Expression and purification of rBmGalNAcT 

To investigate the enzymatic characteristics of BmGalNAcT, the recombinant 

enzyme (rBmGalNAcT), where the predicted cytosolic and transmembrane regions 

(Met1–Leu37) were deleted and a bombyxin signal peptide and a FLAG-tag were added 

at the N-terminus, was constructed and expressed under the control of the polyhedrin 

promoter (Fig. 2A and B) using the silkworm-BmNPV bacmid expression system. 

rBmGalNAcT was successfully expressed in silkworm larvae and secreted to hemolymph, 

and SDS-PAGE analysis showed that the molecular weight of rBmGalNAcT is 60 kDa, 

which is higher than its theoretical mass of 45 kDa (Fig. 2C). The polyethylene glycol 

precipitation and FLAG-tag affinity chromatography resulted in a single band for 

rBmGalNAcT observed in the SDS-PAGE analysis (Fig. 2D) and a yield of 

approximately 5.5 μg per larva. 

The NetNGlyc server (http://www.cbs.dtu.dk/services/NetNGlyc/) analysis showed 

that BmGalNAcT has 10 potential N-glycosylation sites (Asn52, Asn70, Asn85, Asn89, 

Asn90, Asn101, Asn108, Asn113, Asn168, and Asn194), whereas human β4GalT1, T. ni 

and D. melanogaster orthologs have 1, 6 and 5 sequons, respectively. Deglycosylation of 

purified rBmGalNAcT by PNGase F resulted in a decrease in the molecular weight to 

approximately 49 kDa, which is close to the theoretical mass of rBmGalNAcT (Fig. 2D). 

Western blotting using an anti-FLAG tag antibody supported the fact that rBmGalNAcT 

was purified to homogeneity from silkworm hemolymph and was N-glycosylated (Fig. 

2E). 

 

3.3. Substrate specificity and enzymatic properties of rBmGalNAcT 
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First, the purified rBmGalNAcT was incubated with UDP-Glc, UDP-Gal, and UDP-

GalNAc as donor substrates and pNP-GlcNAc as an acceptor substrate to examine its 

donor substrate specificity. The RP-HPLC analysis showed that a new peak appeared at 

38 min of elution time when using UDP-GalNAc as a donor substrate (Fig. 3), but no 

product was observed in the reaction mixtures incubated with UDP-Glc and UDP-Gal for 

12 h (data not shown). The elution time of the product was identical to that of authentic 

GalNAcβ1–4GlcNAcβ-pNP, indicating that rBmGalNAcT catalyzed the transfer of a 

GalNAc residue from UDP-GalNAc to GlcNAcβ-pNP with β1–4 linkage. The T. ni and 

D. melanogaster orthologs can utilize UDP-Gal as a donor, but its efficiency was lower 

than that of UDP-GalNAc (Haines and Irvine, 2005; Vadaie and Jarvis, 2004). Therefore, 

BmGalNAcT had strict donor substrate specificity compared with the other insect 

orthologs. 

Then, to investigate its acceptor specificity, various p-nitrophenyl monosaccharides 

and disaccharides were used for the glycosyltransferase reaction with UDP-GalNAc as a 

donor. rBmGalNAcT also exhibited activity toward Glcβ-pNP and GlcNAcβ1–

3GalNAcα-pNP with 0.26% and 32% efficiency compared with that toward GlcNAcβ-

pNP (0.99 μmol/min/mg protein). No activity was detected with Galβ-pNP, Manα-pNP, 

Galβ1–4GlcNAcβ-pNP, or GalNAcβ1–4GlcNAcβ-pNP (data not shown). These results 

suggested that rBmGalNAcT recognized the stereochemistry of glucose but not galactose 

and mannose and preferred GlcNAc to glucose as an acceptor substrate. The activity 

toward N-glycans was also measured using the UDP-GalNAc donor, and all the GlcNAc-

terminated glycans tested could be acceptor substrates. Among these glycan substrates, 

the glycan with one GlcNAc residue on the α1–6 mannosyl arm was the best acceptor. 

Although the reason was not clear, it was possible that the conformation of the glycans 

may influence the substrate recognition of rBmGalNAcT. 

The effect of pH on rBmGalNAcT activity was examined using UDP-GalNAc and 

GlcNAcβ-pNP as substrates over a pH range of 4.0–8.0. The enzyme exhibited the highest 

activity at pH 6.0 (Fig. 4A). The effect of temperature was tested at 20–50°C, and the 
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optimum temperature was determined to be 37°C (Fig. 4B). Because GT7 enzymes 

usually require divalent metal ions as cofactors to bind the sugar nucleotide substrate 

(Ramakrishnan et al., 2001; Ramakrishnan and Qasba, 2010; Ramasamy et al., 2005), the 

activity was investigated in the presence of several divalent metal chlorides. 

rBmGalNAcT had the highest activity under the condition with Mn2+, while the enzyme 

exhibited lower than 4% activity in the presence of Mg2+, Ca2+, and Co2+ ions (Fig. 4C). 

rBmGalNAcT has ten N-glycosylation sites, and its carbohydrate content relative to the 

molecular weight was approximately 18% (Fig. 2D and E). The effect of deglycosylation 

on enzymatic activity was also assayed. No effect was observed in the catalytic activity 

after deglycosylation by PNGase F (Fig. 4D). Although it was not clear which asparagine 

residue was glycosylated, eight of ten potential glycosylation sites were located in the 

stem region (38–150 residues, Fig. 2A). Thus, the N-glycans may not directly contribute 

to the enzymatic activity but were probably involved in the protection of the stem region 

against proteases. 

 

3.4. Mutagenesis of the residues in the active site 

All the structure-determined GT7 enzymes catalyze the transfer of Gal rather than 

GalNAc. To identify the residues that are important for the substrate specificity of 

BmGalNAcT, the homology model of BmGalNAcT was generated and compared with 

the other GT7 glycosyltransferases. In the structure of bovine β4GalT complexed with 

UDP-Gal, Leu255, Met277, Gly292, and Tyr289 are located near the 2-hydroxy group of 

the galactose residue, whereas the corresponding residues in BmGalNAcT are Leu276, 

Ile298, Gly313, and Ile310, respectively (Fig. 5A and B). Multiple sequence alignment 

reveals that Ile298 and Ile310 in BmGalNAcT are highly conserved among the previously 

reported β4GalNAcTs, while the corresponding residues in β4GalTs are Met and Tyr, 

respectively. Therefore, three mutants of rBmGalNAcT, namely, I298M, I310Y, and 

I298M-I310Y, were constructed, and their activity was measured using UDP-GalNAc and 

pNP-GlcNAc as substrates. I298M exhibited 18.4±1.1% activity compared with the wild-
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type enzyme, and no activity was detected in the reaction mixture with either I310Y or 

I298M-I310Y (Fig. 5C). These results suggest that both Ile298 and Ile310 of 

BmGalNAcT play important roles in the recognition of the GalNAc residue of the donor 

substrate and that the Ile310→Tyr mutation might reduce the affinity with the GalNAc 

residue more than the Leu298→Met mutation. Specificity conversion of bovine β4GalT1 

into β4GalNAcT by the replacement of Tyr289 by Ile had been reported previously, and 

this mutation resulted in the acquisition of β4GalNAcT activity instead of β4GalT activity 

(Ramakrishnan and Qasba, 2002). Thus, our study supported the hypothesis that residues 

corresponding to Ile298 and Ile310 in BmGalNAcT are determinants of donor substrate 

specificity in GT7 β4GalNAcTs. 

 

3.5. Distribution of GalT and GalNAcT in insect GT7 

Several research groups have reported that lepidopteran and dipteran cells produce 

insect-specific complex-type N-glycans, including those harboring not only the β-1,4-

GalNAc but also the β-1,4-Gal moiety at the nonreducing ends (Aoki et al, 2007; Koles 

et al., 2007; Kurz et al., 2015; Santon et al, 2017). No galactosylated or GalNAcylated N-

glycan was detected in the N-glycome of B. mori fifth-instar larvae (Kajiura et al., 2015); 

however, there has been only one report that recombinant immunoglobulin expressed in 

B. mori larvae possessed β-1,4-Gal-terminated N-glycan (Dojima et al., 2009). It is still 

unclear whether another β4GalNAcT catalyzes β-1,4-galactosylation on insect N-glycans 

as well as β-1,4-N-acetylgalactosaminylation in vivo and/or whether they possess β4GalT 

that transfers galactose residues. We analyzed insect GT7 protein sequences and 

compared them with characterized GT7 glycosyltransferases. GT7 could be divided into 

roughly six subgroups: vertebrate β4GalT, invertebrate β4GalNAcT, mammalian 

β4GalNAcT, snail β-1,4-N-acetylglucosaminyltransferase (LsGlcNAcT), xylosylprotein 

β-4-galactosyltransferase, and chondroitin sulfate-related β4GalNAcT (Fig. 6). The three-

dimensional structures and sequence alignment indicate that conservation of the amino 

acid residues corresponding to Ile298 and Ile310 in BmGalNAcT enabled us to predict 
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the substrate specificity of uncharacterized GT7 enzymes (Supplementary Fig. S1). B. 

mori possesses seven genes for GT7 proteins as described above, four of which are 

suggested to prefer GalNAc as a donor substrate (BmGalNAcT, XP_021205072.1, 

XP_021203993.1, and XP_004926305.1). BmGalNAcT has higher homology with 

Dmβ4GalNAcTA than with Dmβ4GalNAcTB, which was reportedly involved in 

LacdiNAc (GalNAcβ-1,4-GlcNAc) structure formation in glycosphingolipids (Stolz et al., 

2008). Two other proteins (XP_004933019.1 and XP_012545235.1) are predicted to be 

xylosylprotein β-4-galactosyltransferase GalT7 and chondroitin sulfate synthase, both of 

which are involved in the formation of glycosaminoglycan (Ramakrishnan and Qasba, 

2010; Uyama et al., 2002). The other one (XP_004926306.3) belongs to the clades of 

β4GalNAcT, but the corresponding residue of Ile310 is substituted by a bulky lysine 

residue, suggesting that the protein might have different substrate specificity from 

BmGalNAcT. Further studies including analysis of in vivo expression profiles and 

enzymatic characterization of these gene products are necessary to identify 

glycosyltransferase genes related to β-1,4-galactosylation in B. mori N-glycans. 

In conclusion, we cloned BmGalNAcT, a member of the GT7 family, for the first 

time, and the enzyme exhibited a strict preference of a donor substrate UDP-GalNAc 

compared with the preference of other insect β4GalNAcT enzymes. The mutational 

analysis identified two amino acid residues located in the active site as one of the 

determinants of GT7 substrate specificity, and B. mori has possible GT7 

glycosyltransferases with different specificities and functions. This study would help us 

to identify novel enzymes related to the glycoconjugates of insects and to reveal the 

structure-function relationships of GT7 glycosyltransferases. 
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Table 1. Primers used in this study. 

Primer Sequence (5’ to 3’) 

BmGAPDH_F GCTGGAATTTCTTTGAATGAC 

BmGAPDH_R CAATGACTCTGCTGGAATAACC 

BmGalNAcT_F GGCCGTATTCCTGAACCACA 

BmGalNAcT_R CCGACGTTCATCAGTTTGGC 

BmGalNAcT_EcoRI_F TTTTGAATTCATGGGCAGCGGCGCGAGCGG 

FLAG-

BmGalNAcTΔ37_F 

GATTACAAGGATGACGACGATAAGGACGCCTCGCCGCT

CAAAACC 

BmGalNAcT_XbaI_ R GCTCTAGATCAGCTGCGCTCGTCGATGTTC 

EcoRI-Bx-FLAG_F 

GCGAATTCATGAAGATACTCCTTGCTATTGCATTAATGTT

GTCAACAGTAATGTGGGTGTCAACAGATTACAAGGATG

ACGACGATAAG 

BmGalNAcT-I298M_F GCTTCCATGGACAAACTTAATTTCAAA 

BmGalNAcT-I298M_R TTTGTCCATGGAAGCGGACATGTGCCT 

BmGalNAcT-I310Y_F GAAGATTACTTCGGTGGCGTGTCGGCT 

BmGalNAcT-I310Y_R ACCGAAGTAATCTTCATATGGTAATTT 

The restriction enzyme sites are underlined. 
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Table 2. Enzymatic activity of rBmGalNAcT toward various sugars. 

Acceptor substrates 
Activity 

(nmol/min/mg) 

Relative activity

(%)a 

pNP-glycosides (1 mM)   

Glcβ-pNP 25.6±4.0 0.26 

Galβ-pNP N.D.b − 

GlcNAcβ-pNP 9.92±0.40×103 100 

GalNAcβ-pNP N.D. − 

Manα-pNP N.D. − 

GlcNAcβ1–3GalNAcα-pNP 3.18±0.65×103 32 

GalNAcβ1–4GlcNAcβ-pNP N.D. − 

Galβ1–4GlcNAcβ-pNP N.D. − 

PA-glycans (0.1 μM)   

GlcNAcβ1–2Manα1–6 

Manβ1–4GlcNAc2-PA

GlcNAcβ1–2Manα1–3 

1.60±0.06×10−1 61 

GlcNAcβ1–2Manα1–6 

Manβ1–4GlcNAc2-PA

Manα1–3 

2.60±0.10×10−1 100 

Manα1–6 

Manβ1–4GlcNAc2-PA

GlcNAcβ1–2Manα1–3 

1.30±0.04×10−1 50 

a The activity toward GlcNAcβ-pNP and Manα1–3(GlcNAcβ1–2Manα1–6)Manβ1–4GlcNAc2-

PA (pH 6.0 and 37°C) are taken to be 100% of that toward pNP-glycosides and PA-glycans, 

respectively. 

b Not detected. 
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Figure Legends 

 

Figure 1. Expression of the BmGalNAcT gene in silkworm developmental stages. 

Transcript levels were analyzed by qPCR using the gene-specific primers (Table 1) in 

larval (first- to fifth-instar), pupal, and adult stages (n = 3). Female (open circle) and male 

(filled triangle) adults were analyzed independently. Lines connect the average values. 

BmGAPDH was used as a reference gene to normalize the expression level. 

 

Figure 2. Expression and purification of rBmGalNAcT. (A) Deletion of the N-terminal 

sequence (residues 1–37) containing the predicted cytosolic and transmembrane (TM) 

regions. (B) Construction of the expression vector for rBmGalNAcT. Abbreviations: polh, 

polyhedron promoter; bx, bombyxin secretion signal; F, FLAG-tag. EcoRI and XbaI were 

used for subcloning into the pFastBac1 vector. (C) Western blotting analysis of the 

expression of rBmGalNAcT in silkworm larvae using an anti-FLAG-tag antibody. Lane 

1, molecular weight marker; lanes 2 and 3, hemolymph and fat body from mock silkworm, 

respectively; lanes 4 and 5, hemolymph and fat body from bacmid-injected silkworm, 

respectively. (D and E) SDS-PAGE analysis of purified rBmGalNAcT with CBB staining 

(D) and western blotting (E). Lane 1, molecular weight markers; lane 2, PNGase F-treated 

rBmGalNAcT; lane 3, intact rBmGalNAcT. The bands for the intact and deglycosylated 

enzymes are indicated with black and white arrows, respectively. 

 

Figure 3. HPLC analysis of the reaction products generated by rBmGalNAcT. 

Purified rBmGalNAcT was incubated with UDP-GalNAc and GlcNAcβ-pNP in the 

presence of Mn2+ at pH 6.0 for 5 min, and then the reaction mixtures were analyzed by 

reverse-phase HPLC using a Mightysil RP-18 GP column with the conditions described 

in the Materials and Methods section. Upper, the reaction mixture without rBmGalNAcT; 

middle, the reaction mixture incubated with rBmGalNAcT; lower, the authentic standard 

of GalNAcβ1-4GlcNAcβ-pNP. 
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Figure 4. General properties of rBmGalNAcT. (A) pH dependence, (B) temperature 

dependence, (C) metal ion dependence and (D) effect of deglycosylation. The pH 

dependence was measured at 37°C using 50 mM sodium acetate (pH 4.0–5.0) or HEPES-

NaOH (pH 5.0–8.0) buffer. The temperature dependence was measured at 20–50°C using 

50 mM HEPES-NaOH (pH 6.0). The effect of divalent metal ions was investigated at 

37°C using 50 mM HEPES-NaOH buffer (pH 6.0) containing 10 mM of each metal 

chloride. (D) Activity of the enzyme deglycosylated with PNGase F at 37°C for 1 h. The 

activity of rBmGalNAcT without preincubation was taken to be 100%. 

 

Figure 5. Amino acid residues involved in donor substrate specificity. (A and B) 

Active site residues involved in the recognition of the donor substrates UDP-GalNAc 

(yellow) and UDP-Gal (pink) in the homology model of BmGalNAcT (green) (A) and 

bovine β4GalT1 (PDB: 1YRO, cyan) (B). The stick model of UDP-GalNAc was 

superimposed from bovine β4GalT1 complexed with UDP-GalNAc (PDB: 1OQM). van 

der Waals radii of the acetamide group of GalNAc, 2-hydroxy group of Gal, and residues 

interacting with these groups are shown in dotted spheres. The residues mutated in this 

study and the corresponding residues in bovine β4GalT1 are labeled in red. (C) Sequence 

alignment of GT7 β-1,4-galactosyltransferases (human β4GalT1, β4GalT2, β4GalT3 and 

bovine β4GalT1) and β4GalNAcT from B. mori, T. ni, D. melanogaster, and C. elegans. 

The numbers of the first amino acid residues of each sequence are labeled. The residues 

that interacted with the 2-acetamide or 2-hydroxy groups of the donor substrate in 

β4GalNAcT and β4GalT are highlighted in green and cyan, respectively. The figure was 

generated using ESPript 3.0 (Robert and Gouet, 2014). (D) Relative glycosyltransferase 

activity of rBmGalNAcT mutants toward the UDP-GalNAc donor and GlcNAc-pNP 

acceptor under the conditions described in the Materials and Methods. N.D. means ‘not 

detected’. 
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Figure 6. Phylogenetic tree and distribution of substrate specificity in the GT7 family. 

The amino acid sequences were aligned using the MUSCLE program (Edgar, 2004), and 

the phylogenetic tree was constructed by the maximum likelihood method and visualized 

using iTOL v4 (Letunic et al., 2018). The amino acid sequences used were the 

characterized GT7 enzymes (bold) listed in the CAZy database and uncharacterized 

proteins of B. mori, T. ni, and D. melanogaster that are homologous to the GT7 enzymes. 

The multiple sequence alignment is shown in Supplementary Fig. S1. The amino acid 

motifs involved in the donor substrate specificity, that is, the residues corresponding to 

Ile298 and Ile310 in BmGalNAcT, are shown around the tree. The specificity based on 

the motif is distinguished with the following colors: green (β4GalNAcT), cyan (β4GalT), 

purple (xylosylprotein 4-β-galactosyltransferase), orange (β4GlcNAcT), and yellow 

(β4GalNAcT related to chondroitin sulfate biosynthesis). Proteins from B. mori are 

indicated with red circles. The scale bar indicates the number of inferred amino acid 

substitutions per site; the bootstrap values are displayed at branch points. 

 

 

Supplementary Figure S1. Multiple sequence alignment of GT7 proteins. 

The amino acid sequences of the characterized GT7 enzymes listed in the CAZy database 

(http://www.cazy.org) (Lombard et al., 2014) and uncharacterized hypothetical proteins 

homologous to GT7 enzymes from Bombyx mori, Trichoplusia ni, and Drosophila 

melanogaster were obtained from the NCBI Protein database 

(https://www.ncbi.nlm.nih.gov/protein). The sequences were aligned by using the 

MUSCLE program (Edgar, 2004), and the alignment was applied to the phylogenetic 

analysis in Figure 6. Proteins derived from B. mori are highlighted in red. The specificity 

based on the motif is distinguished with the following colors: green (β-1,4-N-

acetylgalactosaminyltransferase, GalNAcT), cyan (β-1,4-galactosyltransferase, β4GalT), 

purple (xylosylprotein 4-β-galactosyltransferase), orange (β-1,4-N-

acetylglucosaminyltransferase, β4GlcNAcT), and yellow (β4GalNAcT related to 
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chondroitin sulfate biosynthesis). The other residues that interact with donor substrates 

and their corresponding residues are highlighted in brown. 
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Supplementary Figure S1. Multiple sequence alignment of GT7 proteins. 

The amino acid sequences of the characterized GT7 enzymes listed in the CAZy database 

(http://www.cazy.org) (Lombard et al., 2014) and uncharacterized hypothetical proteins homologous to GT7 

enzymes from Bombyx mori, Trichoplusia ni, and Drosophila melanogaster were obtained from the NCBI 

Protein database (https://www.ncbi.nlm.nih.gov/protein). The sequences were aligned by using the MUSCLE 

program (Edgar, 2004), and the alignment was applied to the phylogenetic analysis in Figure 6. Proteins 

derived from B. mori are highlighted in red. The specificity based on the motif is distinguished with the 

following colors: green (β-1,4-N-acetylgalactosaminyltransferase, GalNAcT), cyan (β-1,4-

galactosyltransferase, β4GalT), purple (xylosylprotein 4-β-galactosyltransferase), orange (β-1,4-N-

acetylglucosaminyltransferase, β4GlcNAcT), and yellow (β4GalNAcT related to chondroitin sulfate 

biosynthesis). The other residues which interact with donor substrates and their corresponding residues are 

highlighted in brown. 
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hCSS2_NP_078812.2                 -----MRASLLLSVLRPAGPVAVGISLGFTL--------------------SL-----------------------------------LSVT---WVEEPCGPGPPQPGDSELPPRGNTN 
hCHSY3(hCSGlcAT)_NP_061888.1      -----MRLSSLLALLRPALPLILGLSLGCSL--------------------SL-----------------------------------LRVS---WI----QGEGEDPC----------- 
XP_026726307.1                    ---------------------------------------------------MA-----------------------------------NLSL---RM----------------------- 
XP_004926306.3                    ----------------------------------------------------------------------------------------MPPL---RM----------------------- 
hB4GalT7_NP_009186.1              ---------MFPSRRKAAQLPWEDGRSGLLSG-------------------GL-----------------------------------PRKC---SV----------------------- 
DmGalT7_NP_651319.2               -----------------------------MV--------------------NI-----------------------------------STIN---WV----------------------- 
XP_026729552.1                    ---------------------MYPKISLMGY--------------------RL-----------------------------------SGSR---CL----------------------- 
XP_004933020.1                    -------------------------MPRLRC--------------------RV-----------------------------------DSRC---LQ----------------------- 
XP_004933019.1                    ---------------------MYISISLMGY--------------------RI-----------------------------------TNSR---CL----------------------- 
LsGlcNAcT_CAA56514.1              -----------MYLVVCWGRVTGNMISTRHCFSR-----------------CK-----------------------------------SRSV---RV----------------------- 
hB4GalT5_NP_004767.1              -------------------------MRARRG--------------------LL-----------------------------------RLPR---RS----------------------- 
mB4GalT5_NP_062809.2              ----------------------MRARRGLL---------------------RL-----------------------------------PRRS---------------------------- 
hB4GalT6_NP_004766.2              -------------------------MSVLRR--------------------MM-----------------------------------RVSN---RS----------------------- 
mB4GalT6_NP_062711.1              -------------------------MSALKR--------------------MM-----------------------------------RVSN---RS----------------------- 
rB4GalT6_NP_113928.1              -------------------------MSALKR--------------------MM-----------------------------------RVSN---RS----------------------- 
XP_021203993.1                    ---------------------------MPKC--------------------SL-----------------------------------KNRL---LQ----------------------- 
XP_026746863.1                    ---------------------------MPKC--------------------SL-----------------------------------KNRI---LQ----------------------- 
DmB4GalNAcTB_NP_651657.1          -----------------------MFVRLWVR--------------------SF-----------------------------------HKYD---LL----------------------- 
XP_021205074.1                    ----------------------------MRC--------------------SY-----------------------------------RKKI---IY----------------------- 
XP_021205072.1                    ----------------------------MRC--------------------SY-----------------------------------RKKI---IY----------------------- 
XP_021205073.1                    ----------------------------MRC--------------------SY-----------------------------------RKKI---IY----------------------- 
XP_026730902.1                    --------------------------MAFKM--------------------RH-----------------------------------AYKK---KI----------------------- 
XP_026730903.1                    --------------------------MAFKM--------------------RH-----------------------------------AYKK---KI----------------------- 
XP_026730904.1                    --------------------------MAFKM--------------------RH-----------------------------------AYKK---KI----------------------- 
DmB4GalNAcTA_NP_610946.1          -------------MYLFTKANLIRFLAGAIC------------------------------------------------------------L---LL----------------------- 
XP_004926305.1                    --------------MNFIPVRKILKCLGIYKKRDRTPISLHSYIDSVPQRNEY-----------------------------------TNRR---WI----------------------- 
TnB4GalNAcT_AAT11926.1            ---------------------------------------------------MG-----------------------------------GRAT---RA----------------------- 
AAT11926.1                        ---------------------------------------------------MG-----------------------------------GRAT---RA----------------------- 
XP_026736023.1                    ----------------------------MGG--------------------RA-----------------------------------TRAL---RL----------------------- 
BmGalNAcT                         ---------------------MGSGASGGGG--------------------RA-----------------------------------TRAL---RL----------------------- 
XP_012545894.1                    ---------------------MGSGASGGGG--------------------RA-----------------------------------TRAL---RL----------------------- 
XP_012545893.1                    ----------MVGKAWSSHALMGSGASGGGG--------------------RA-----------------------------------TRAL---RL----------------------- 
XP_026735990.1                    ----------MIDYKEKDKRPRSLDDCGFDCFHKIHECTPEESLGNFVRCSRY-----------------------------------THRR---WL----------------------- 
XP_026735967.1                    ----------MIDYKEKDKRPRSLDDCGFDCFHKIHECTPEESLGNFVRCSRY-----------------------------------THRR---WL----------------------- 
XP_026735983.1                    ----------MIDYKEKDKRPRSLDDCGFDCFHKIHECTPEESLGNFVRCSRY-----------------------------------THRR---WL----------------------- 
XP_026744785.1                    ----------MIDYKEKDKRPRSSDDCGFDCFHKIHECTPEESLGNFVRCSRY-----------------------------------THRR---WL----------------------- 
XP_026736000.1                    MKAYVPVRKLVKAVSTHRGAKWERRNSLHECLDSSKEPRRR----------KD-----------------------------------VRRK---WK----------------------- 
XP_026725933.1                    -------MNNINAEETRSSCQTFGILFGFGCAKDGYNI-------------HC-----------------------------------TRRR---WL----------------------- 
XP_026744789.1                    -------MNNINAEETRSSCQTFGILFGFGCAKDGYNI-------------HC-----------------------------------TRRR---WL----------------------- 
XP_026744786.1                    -------MNNINAEETRSSCQTFGILFGFGCAKDGYNI-------------HC-----------------------------------TRRR---WL----------------------- 
XP_026744790.1                    -------MNNINAEETRSSCQTFGILFGFGCAKDGYNI-------------HC-----------------------------------TRRR---WL----------------------- 
XP_026744791.1                    -----MLHQNVNFRNFYIHCEFTSSKQRNHLTRTAMVFYI-----------NL-----------------------------------TRKR---FL----------------------- 
XP_026735957.1                    ------------------------------------------------------------------------------------------------------------------------ 
CeGalNAcT_NP_490872.1             --------------------------MAFRH--------------------LA-----------------------------------VARL---KS----------------------- 
hB4GalT4_NP_003769.1              ----------------------MGFNLTFHL--------------------SY-----------------------------------KFRL---LL----------------------- 
mB4GalT4_NP_062778.2              ----------------------MGCNPPYHL--------------------SY-----------------------------------RLRL---LL----------------------- 
hB4GalT3_NP_003770.1              ---------------------------MLRR--------------------LL-----------------------------------ERPC---TL----------------------- 
mB4GalT3_NP_065604.2              ---------------------------MLRR--------------------LL-----------------------------------ERPC---TL----------------------- 
ckGalT1_AAB05217.1                -----------------------MTRLLLGV--------------------TL-----------------------------------ERIC---KA----------------------- 
hB4GalT2_NP_003771.1              ------------------------MSRLLGG--------------------TL-----------------------------------ERVC---KA----------------------- 
DrB4GalT1_AAH80228.1              -------------------------MSESVG--------------------FF-----------------------------------TKAC---VV----------------------- 
ckGalT-CKII_AAB05218.1            ----------------------MKEPALPGT--------------------SL-----------------------------------QRAC---RL----------------------- 
bB4GalT1_NP_803478.1              --------------MKFREPLLGGSAAMPGA--------------------SL-----------------------------------QRAC---RL----------------------- 
hB4GalT1_NP_001488.2              --------------MRLREPLLSGSAAMPGA--------------------SL-----------------------------------QRAC---RL----------------------- 
mB4GalT1_NP_071641.1              --------------MRFREQFLGGSAAMPGA--------------------TL-----------------------------------QRAC---RL----------------------- 
hCHSY1_NP_055733.2                ---------MAARGRRAWLSVLLGLVLGFVLASRLVLPRASELKRAGPRRRAS-----------------------------------PEGC---RS----------------------- 
hCSS3(hCHSY2)_NP_787052.3         ---------MAVRSRRPWMSVALGLVLGFTAASWLIAPRVAELSERKRRGSSLCSYYGRSAAGPRAGAQQPLPQPQSRPRQEQSPPPARQDLQGPPLPEAAPGITSFRSSPWQQPPPLQQ 
Dmel_CG9220_NP_996440.2           ------MLQHTMTKRKTLIIGFFGIALGLCIGTMLKNYLAL----------EI-----------------------------------VKRC---SL----------------------- 
XP_012545235.1                    ----------MMPRRSRWMHMVTGLVAGVVFGVFLKLCLRTSSRTSIEACPES-----------------------------------ARSY---------------------------- 
XP_026741443.1                    -----------MPRRSRWMHLAAGVALGVTFGMFLKLCLRSSSRTTIEACPES-----------------------------------AKQY---------------------------- 
hB4GALNT3_NP_775864.3             MGSPRAARPPLLLRPVKLLRRRFRLLLALAVVSVGLWTLYLELVASAQVGGNP-----------------------------------LNRRYGSWR------ELAKALASRNIPAVDPH 
hB4GALNT4_NP_848632.2             -------MPRLPVKKIRKQMKLLLLLLLLSCAAWLTYVHLGLVRQGRALRQRL-----------------------------------GYGRDGEKLTSETDGRGVHAAPSTQRAEDSSE 
Dmel_CG12913_NP_610567.1          ------------MHNSLVTKLLLRLLLLFA---------------------LL-----------------------------------TGAS---IV----------------------- 
hCSGalNAcT2_NP_061060.3           -----------------------MPRRGLI---------------------LH-----------------------------------TRTH---WL----------------------- 
hCSGalNAcT1_NP_060841.5           ---------------------------MMMV--------------------RR-----------------------------------GLLA---WI----------------------- 
                                                                                                                                                           
 
hCSS2_NP_078812.2                 AARRPNSVQPGAEREKPGAGEGAGENWEPRVLPYHPAQPGQAAKKAVRTRYISTELGIRQRLLVAVLTSQTTLPTLG----VAVNRTLGHRLE--------------------------- 
hCHSY3(hCSGlcAT)_NP_061888.1      VEAVGERGGPQNPDS--RARLDQSDEDFKPRIVPYYRDPNKPYKKVLRTRYIQTELGSRERLLVAVLTSRATLSTLA----VAVNRTVAHHFP--------------------------- 
XP_026726307.1                    -------------------------------------------------------------LSVFL------LAAFL----LNISNYLFMRLY--------------------------- 
XP_004926306.3                    -------------------------------------------------------------IFMFL------FAVVA----VNISNYIFYYRI--------------------------- 
hB4GalT7_NP_009186.1              -------------------------------------------------------------FHLFV------ACLSL----GFFSLLWLQLSC--------------------------- 
DmGalT7_NP_651319.2               -------------------------------------------------------------FVCGL------SFCLG----GIAVLSLMPLGS--------------------------- 
XP_026729552.1                    -------------------------------------------------------------GLCLL------LTFFM----GCYLAAL-------------------------------- 
XP_004933020.1                    -------------------------------------------------------------LILLLL-----AFLFN----WCSVCS--------------------------------- 
XP_004933019.1                    -------------------------------------------------------------VLCVI------LTFVM----GCYLASLPIE----------------------------- 
LsGlcNAcT_CAA56514.1              -------------------------------------------------------------IKATA------MLFVA----AMLFLALHMNFS--------------------------- 
hB4GalT5_NP_004767.1              -------------------------------------------------------------LLAAL------FFFSL----SSSLLYFVYVAP--------------------------- 
mB4GalT5_NP_062809.2              -------------------------------------------------------------LLAAL------FFFSL----SSSLLYFVYVAP--------------------------- 
hB4GalT6_NP_004766.2              -------------------------------------------------------------LLAFI------FFFSL----SSSCLYFIYVAP--------------------------- 
mB4GalT6_NP_062711.1              -------------------------------------------------------------LIAFI------FFFSL----STSCLYFIYVAP--------------------------- 
rB4GalT6_NP_113928.1              -------------------------------------------------------------LIAFI------FFFSL----STSCLYFIYVAP--------------------------- 
XP_021203993.1                    -------------------------------------------------------------LRLST------CVTTV----LCLVAIINFFSF--------------------------- 
XP_026746863.1                    -------------------------------------------------------------LRVIT------CIFFI----LCVKAFIHFIIT--------------------------- 
DmB4GalNAcTB_NP_651657.1          -------------------------------------------------------------IAIGL---------------ITLIVYLCLPF---------------------------- 
XP_021205074.1                    -------------------------------------------------------------GVITI------LIFII----------FSHPGL--------------------------- 
XP_021205072.1                    -------------------------------------------------------------GVITI------LIFII----------FSHPGL--------------------------- 
XP_021205073.1                    -------------------------------------------------------------GVITI------LIFII----------FSHPGL--------------------------- 
XP_026730902.1                    -------------------------------------------------------------LYCGV------V--------VITLMILLHPDM--------------------------- 
XP_026730903.1                    -------------------------------------------------------------LYCGV------V--------VITLMILLHPDM--------------------------- 
XP_026730904.1                    -------------------------------------------------------------LYCGV------V--------VITLMILLHPDM--------------------------- 
DmB4GalNAcTA_NP_610946.1          -------------------------------------------------------------VLNFV------GFRSD----GGSATSLSKLSI--------------------------- 
XP_004926305.1                    -------------------------------------------------------------MLLFI------ISGIL----LLISQYRALPKQ--------------------------- 
TnB4GalNAcT_AAT11926.1            -------------------------------------------------------------LRLLL------LLVLA----LAAVEYLFGSIL--------------------------- 
AAT11926.1                        -------------------------------------------------------------LRLLL------LLVLA----LAAVEYLFGSIL--------------------------- 
XP_026736023.1                    -------------------------------------------------------------LL---------LLVLA----LAAVEYLFGSIL--------------------------- 
BmGalNAcT                         -------------------------------------------------------------LL---------LLVLA----LAAVEYLFGSIL--------------------------- 
XP_012545894.1                    -------------------------------------------------------------LL---------LLVLA----LAAVEYLFGSIL--------------------------- 
XP_012545893.1                    -------------------------------------------------------------LL---------LLVLA----LAAVEYLFGSIL--------------------------- 
XP_026735990.1                    -------------------------------------------------------------LLLSV------LFMVE----WYYLYNYSE------------------------------ 
XP_026735967.1                    -------------------------------------------------------------LLLSV------LFMVE----WYYLYNYSE------------------------------ 
XP_026735983.1                    -------------------------------------------------------------LLLSV------LFMVE----WYYLYNYSE------------------------------ 
XP_026744785.1                    -------------------------------------------------------------LLLSV------LFMVE----WYYLYNYSEYRK--------------------------- 
XP_026736000.1                    -------------------------------------------------------------AWITM------LLFTS----GVYYIYTHRADL--------------------------- 
XP_026725933.1                    -------------------------------------------------------------FVLSL------LFLLQ----CYFNVSVYLNLL--------------------------- 
XP_026744789.1                    -------------------------------------------------------------FVLSL------LFLLQ----CYFNVSVYLNLL--------------------------- 
XP_026744786.1                    -------------------------------------------------------------FVLSL------LFLLQ----CYFNVSVYLNLL--------------------------- 
XP_026744790.1                    -------------------------------------------------------------FVLSL------LFLLQ----CYFNVSVYLNLL--------------------------- 
XP_026744791.1                    -------------------------------------------------------------IALSI------LFLLE----CYFNMSSYYKVL--------------------------- 
XP_026735957.1                    ------------------------------------------------------------------------------------------------------------------------ 
CeGalNAcT_NP_490872.1             -------------------------------------------------------------LLVLC------AVLLL----VHAMIYKIPSLY--------------------------- 
hB4GalT4_NP_003769.1              -------------------------------------------------------------LLTLC------LTVVG----WATSNYFVGAIQ--------------------------- 
mB4GalT4_NP_062778.2              -------------------------------------------------------------LFTLC------LTVVG----WATSNYFVGAIQ--------------------------- 
hB4GalT3_NP_003770.1              ------------------------------------------------------------------------ALLVG----SQLAVMMYLSLG--------------------------- 
mB4GalT3_NP_065604.2              ------------------------------------------------------------------------ALLVG----SQLAVMMYLSLG--------------------------- 
ckGalT1_AAB05217.1                -------------------------------------------------------------VLLLC------LLHFV----IIMILYFDVYA---------------------------- 
hB4GalT2_NP_003771.1              -------------------------------------------------------------VLLLC------LLHFL----VAVILYFDVYAQ--------------------------- 
DrB4GalT1_AAH80228.1              -------------------------------------------------------------LVLLC------GLHLI----VALIFYLSESPL--------------------------- 
ckGalT-CKII_AAB05218.1            -------------------------------------------------------------LVAFC------ALHLS----ATLLYYLAGSSL--------------------------- 
bB4GalT1_NP_803478.1              -------------------------------------------------------------LVAVC------ALHLG----VTLVYYLAGRDL--------------------------- 
hB4GalT1_NP_001488.2              -------------------------------------------------------------LVAVC------ALHLG----VTLVYYLAGRDL--------------------------- 
mB4GalT1_NP_071641.1              -------------------------------------------------------------LVAVC------ALHLG----VTLVYYLSGRDL--------------------------- 
hCHSY1_NP_055733.2                -------------------------GQAAASQAGGARGDARGAQLWPPGSDPDGGPRDRNFLFVGVMTAQKYLQTRA----VAAYRTWSKTIP--------------------------- 
hCSS3(hCHSY2)_NP_787052.3         RRRGREPEGATGLPGAPAAEGEPEEEDGGAAGQRRDGRPGSSHNGSGDGGAAAPSARPRDFLYVGVMTAQKYLGSRA----LAAQRTWARFIP--------------------------- 
Dmel_CG9220_NP_996440.2           ----------------------------------RPTNLKTPADIIGLRDEDTIQNSQRNLVFVGVMTAKSFLEGRARAVYDTWGKEVPGRMA--------------------------- 
XP_012545235.1                    -------------------------------------ADPEPLALIGLNPNETVHNSNRTLVFVGVMTAEQYLTTRA----RAVYDTWAQDLP--------------------------- 
XP_026741443.1                    -------------------------------------VEPDPLALIGLLPNETVHNSNRTLVFVGVMTAEQYLGSRA----KAVYETWSEDLP--------------------------- 
hB4GALNT3_NP_775864.3             LQFYHPQRLSLEDHDIDQGVSSNSSYLKWNKPVPWLSEFRGRANLHVFEDWCGSSIQQLRRNLHFP------LYPHI----RTTLRKLAVSPKWTNYGLRIFGYLHPFTDGKIQFAIAAD 
hB4GALNT4_NP_848632.2             SREEEQAPEGRDLDMLFPGGAGRLPLNFTHQTPPWREEYKGQVNLHVFEDWCGGAVGHLRRNLHFP------LFPHT----RTTVKKLAVSPKWKNYGLRIFGFIHPARDGDVQFSVASD 
Dmel_CG12913_NP_610567.1          -------------------------------------------------------------VLTKC------GFDEL----TTRETQANNPSE--------------------------- 
hCSGalNAcT2_NP_061060.3           -------------------------------------------------------------LL---------GLALL----CSLVLFMYLLEC--------------------------- 
hCSGalNAcT1_NP_060841.5           -------------------------------------------------------------SRVVV------LLVLL----CCAISVLYMLAC--------------------------- 
                                                                                                                                                           
 
 



hCSS2_NP_078812.2                 ------------------------------------------------------------------------------------------------------------------------ 
hCHSY3(hCSGlcAT)_NP_061888.1      ------------------------------------------------------------------------------------------------------------------------ 
XP_026726307.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_004926306.3                    ------------------------------------------------------------------------------------------------------------------------ 
hB4GalT7_NP_009186.1              ------------------------------------------------------------------------------------------------------------------------ 
DmGalT7_NP_651319.2               ------------------------------------------------------------------------------------------------------------------------ 
XP_026729552.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_004933020.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_004933019.1                    ------------------------------------------------------------------------------------------------------------------------ 
LsGlcNAcT_CAA56514.1              ------------------------------------------------------------------------------------------------------------------------ 
hB4GalT5_NP_004767.1              ------------------------------------------------------------------------------------------------------------------------ 
mB4GalT5_NP_062809.2              ------------------------------------------------------------------------------------------------------------------------ 
hB4GalT6_NP_004766.2              ------------------------------------------------------------------------------------------------------------------------ 
mB4GalT6_NP_062711.1              ------------------------------------------------------------------------------------------------------------------------ 
rB4GalT6_NP_113928.1              ------------------------------------------------------------------------------------------------------------------------ 
XP_021203993.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026746863.1                    ------------------------------------------------------------------------------------------------------------------------ 
DmB4GalNAcTB_NP_651657.1          ------------------------------------------------------------------------------------------------------------------------ 
XP_021205074.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_021205072.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_021205073.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026730902.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026730903.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026730904.1                    ------------------------------------------------------------------------------------------------------------------------ 
DmB4GalNAcTA_NP_610946.1          ------------------------------------------------------------------------------------------------------------------------ 
XP_004926305.1                    ------------------------------------------------------------------------------------------------------------------------ 
TnB4GalNAcT_AAT11926.1            ------------------------------------------------------------------------------------------------------------------------ 
AAT11926.1                        ------------------------------------------------------------------------------------------------------------------------ 
XP_026736023.1                    ------------------------------------------------------------------------------------------------------------------------ 
BmGalNAcT                         ------------------------------------------------------------------------------------------------------------------------ 
XP_012545894.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_012545893.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026735990.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026735967.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026735983.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026744785.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026736000.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026725933.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026744789.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026744786.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026744790.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026744791.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026735957.1                    ------------------------------------------------------------------------------------------------------------------------ 
CeGalNAcT_NP_490872.1             ------------------------------------------------------------------------------------------------------------------------ 
hB4GalT4_NP_003769.1              ------------------------------------------------------------------------------------------------------------------------ 
mB4GalT4_NP_062778.2              ------------------------------------------------------------------------------------------------------------------------ 
hB4GalT3_NP_003770.1              ------------------------------------------------------------------------------------------------------------------------ 
mB4GalT3_NP_065604.2              ------------------------------------------------------------------------------------------------------------------------ 
ckGalT1_AAB05217.1                ------------------------------------------------------------------------------------------------------------------------ 
hB4GalT2_NP_003771.1              ------------------------------------------------------------------------------------------------------------------------ 
DrB4GalT1_AAH80228.1              ------------------------------------------------------------------------------------------------------------------------ 
ckGalT-CKII_AAB05218.1            ------------------------------------------------------------------------------------------------------------------------ 
bB4GalT1_NP_803478.1              ------------------------------------------------------------------------------------------------------------------------ 
hB4GalT1_NP_001488.2              ------------------------------------------------------------------------------------------------------------------------ 
mB4GalT1_NP_071641.1              ------------------------------------------------------------------------------------------------------------------------ 
hCHSY1_NP_055733.2                ------------------------------------------------------------------------------------------------------------------------ 
hCSS3(hCHSY2)_NP_787052.3         ------------------------------------------------------------------------------------------------------------------------ 
Dmel_CG9220_NP_996440.2           ------------------------------------------------------------------------------------------------------------------------ 
XP_012545235.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_026741443.1                    ------------------------------------------------------------------------------------------------------------------------ 
hB4GALNT3_NP_775864.3             DNAEFWLSLDDQVSGLQLLASVGKTGKEWTAPGEFGKFRSQISKPVSLSASHRYYFEVLHKQNEEGTDHVEVAWRRNDPGAKFTIIDSLSLSLFTNETFLQMDEVGHIPQTAASHVDSSN 
hB4GALNT4_NP_848632.2             DNSEFWLSLDESPAAAQLVAFVGKTGSEWTAPGEFTKFSSQVSKPRRLMASRRYYFELLHKQDDRGSDHVEVGWRAFLPGLKFEVISSAHISLYTDESALKMDHVAHVPQSPASHVGG-- 
Dmel_CG12913_NP_610567.1          ------------------------------------------------------------------------------------------------------------------------ 
hCSGalNAcT2_NP_061060.3           ------------------------------------------------------------------------------------------------------------------------ 
hCSGalNAcT1_NP_060841.5           ------------------------------------------------------------------------------------------------------------------------ 
                                                                                                                                                           
 
hCSS2_NP_078812.2                 ------------RVVFLTGARGRRAPPGMAVVTLGEERPIGHLHLALRHLLEQHGDDFDWFFLVPDTTYTEAHGLARLTGHLSLASAAHLYLGRPQDFIGG------EPTPGRYCHGGFG 
hCHSY3(hCSGlcAT)_NP_061888.1      ------------RLLYFTGQRGARAPAGMQVVSHGDERPAWLMSETLRHLHTHFGADYDWFFIMQDDTYVQAPRLAALAGHLSINQ--DLYLGRAEEFIGA------G-EQARYCHGGFG 
XP_026726307.1                    ----------------------------------------------------NQPYQARLNYLYPKTASGVEMSRIPIKDSYWFADTQYAPKERF------------------------- 
XP_004926306.3                    ----------------------------------------------------YTPMNRNCFYVN---------------RNISSQNSINTST---------------------------- 
hB4GalT7_NP_009186.1              ------------------------------------------------------------------------------------------------------------------------ 
DmGalT7_NP_651319.2               ------------------------------------------------------------------------------------------------------------------------ 
XP_026729552.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_004933020.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_004933019.1                    ------------------------------------------------------------------------------------------------------------------------ 
LsGlcNAcT_CAA56514.1              ----------------------------------------------------HEASQQNLHRAAPISSPTTISRSTVQIRNATHDFLPASSTPMKDE----------------------- 
hB4GalT5_NP_004767.1              ----------------------------------------------------GIVNTYLFMMQA---------------QGILIRDNVRTIGAQVYEQVLR------------------- 
mB4GalT5_NP_062809.2              ----------------------------------------------------GIVNTYLFMVQA---------------QGILLRDNVRTIGAQVYEQVVR------------------- 
hB4GalT6_NP_004766.2              ----------------------------------------------------GIANTYLFMVQA---------------RGIMLRENVKTIGHMI------------------------- 
mB4GalT6_NP_062711.1              ----------------------------------------------------GIANTYLFMVQA---------------RGIMLRENVKTIGHMI------------------------- 
rB4GalT6_NP_113928.1              ----------------------------------------------------GIANTYLFMVQA---------------RGIMLRENVKTIGHMI------------------------- 
XP_021203993.1                    ----------------------------------------------------YGKYNYSHI----------------------------------------------------------- 
XP_026746863.1                    ----------------------------------------------------YGLYNYPHL----------------------------------------------------------- 
DmB4GalNAcTB_NP_651657.1          ----------------------------------------------------RFASHYDYI----------------------------------------------------------- 
XP_021205074.1                    ----------------------------------------------------YGRSSYEFI----------------------------------------------------------- 
XP_021205072.1                    ----------------------------------------------------YGRSSYEFI----------------------------------------------------------- 
XP_021205073.1                    ----------------------------------------------------YGRSSYEFI----------------------------------------------------------- 
XP_026730902.1                    ----------------------------------------------------NARRSYEYI----------------------------------------------------------- 
XP_026730903.1                    ----------------------------------------------------NARRSYEYI----------------------------------------------------------- 
XP_026730904.1                    ----------------------------------------------------NARRSYEYI----------------------------------------------------------- 
DmB4GalNAcTA_NP_610946.1          ----------------------------------------------------RRVHKYAHIY-----------------GNASSDGAGGSEASRLPASPLA------------------- 
XP_004926305.1                    ----------------------------------------------------TFTEVPEKI--------------------VNIDEFEAIYKDDNNYSVIR------------------- 
TnB4GalNAcT_AAT11926.1            ----------------------------------------------------DASPLRTYLYTPLYNATQPTLRNVERLAANWPKKIPSNYIEDSEEYSIKNISLSNHTTRASVVHPPSS 
AAT11926.1                        ----------------------------------------------------DASPLRTYLYTPLYNATQPTLRNVERLAANWPKKIPSNYIEDSEEYSIKNISLSNHTTRASVVHPPSS 
XP_026736023.1                    ----------------------------------------------------DASPLRTYLYTPLYNATQPTLRNVERLAANWPKKIPSNYIEDSEEYSIKNISLSNHTTRASVVHPPSS 
BmGalNAcT                         ----------------------------------------------------DASPLKTYLYTPTYNATQPTLRNNEKALSQKPNKSPTAIPQPVFDAKNQ--------TQNNTSFINAI 
XP_012545894.1                    ----------------------------------------------------DASPLKTYLYTPTYNATQPTLRSNEKALSQKPNKSPTAIPQPVFDAKNQ--------TQNNTLIINAI 
XP_012545893.1                    ----------------------------------------------------DASPLKTYLYTPTYNATQPTLRSNEKALSQKPNKSPTAIPQPVFDAKNQ--------TQNNTLIINAI 
XP_026735990.1                    ----------------------------------------------------YRKDLESNIY-----------------KLGYANASTNNHNVPGEADLVY------------------- 
XP_026735967.1                    ----------------------------------------------------YRKDLESNIY-----------------KLGYANASTNNHNVPGEADLVY------------------- 
XP_026735983.1                    ----------------------------------------------------YRKDLESNIY---------------------------------------------------------- 
XP_026744785.1                    ------DLESNIYKLGYANASTNNHNVPGEADLVYKYSLKNSSEILMDYKHEYNSSYYWFMSMKHLFKNIGEEETRRYSEGVPSCQLNESSLGPILVDKSIPDLKWVEDRNTDVSPGGYY 
XP_026736000.1                    -----------------------------------------------------FPDLFERDLPVIAEVVANTEAYTKAAKVL-------------------------------------- 
XP_026725933.1                    ----------------------------------------------------QSAGIDRLYY-----------------FNAWPNASEE------------------------------- 
XP_026744789.1                    ----------------------------------------------------QSAGIDRLYY-----------------FNAWPNASEEIENKSVEYYKYP------------------- 
XP_026744786.1                    ----------------------------------------------------QSAGIDRLYY-----------------FNAWPNASEEIENKSVEYYKYP------------------- 
XP_026744790.1                    ----------------------------------------------------QSAGIDRLYY-----------------FNAWPNASEEIENKSVEYYKYP------------------- 
XP_026744791.1                    ----------------------------------------------------YDTTYFTKSLSPNTSANVLAKSVETSTVCSEEDSLDYQTTGNDWKPYKY------------------- 
XP_026735957.1                    ------------------------------------------------------------------------------------------------------------------------ 
CeGalNAcT_NP_490872.1             -------------------------------------------------------------------------------ENLTIGSSTLIADVDAMEAVLG------------------- 
hB4GalT4_NP_003769.1              ------------------------------------------------------------------------------------------------------------------------ 
mB4GalT4_NP_062778.2              ------------------------------------------------------------------------------------------------------------------------ 
hB4GalT3_NP_003770.1              ----------------------------------------------------GFRSLSALF----------------------------------------------------------- 
mB4GalT3_NP_065604.2              ----------------------------------------------------GFRSLSALF----------------------------------------------------------- 
ckGalT1_AAB05217.1                ----------------------------------------------------QHLDFFSRF----------------------------------------------------------- 
hB4GalT2_NP_003771.1              ----------------------------------------------------HLAFFSRFSARGPA------------------------------------------------------ 
DrB4GalT1_AAH80228.1              ----------------------------------------------------AKFRNYRHI----------------------------------------------------------- 
ckGalT-CKII_AAB05218.1            ---------------------------------------------------------------------------------TPPRSPEPPP----------------------------- 
bB4GalT1_NP_803478.1              ----------------------------------------------------RRLPQLVGVHPPLQGSSHGAAAIGQPSGELRLRGVAPPPPLQNSS----------------------- 
hB4GalT1_NP_001488.2              ----------------------------------------------------SRLPQLVGVSTPLQGGSNSAAAIGQSSGELRTGGARPPPPLGA------------------------- 
mB4GalT1_NP_071641.1              ----------------------------------------------------SRLPQLVGVSSTLQGGTNGAAASKQPPGEQRPRGARPPPPLGV------------------------- 
hCHSY1_NP_055733.2                --------GKVQFFSSEGSDTSVPIPVVPLRGVDDSYPPQKKSFMMLKYMHDHYLDKYEWFMRADDDVYIKGDRLENFLRSL--NSSEPLFLGQTGLGTTEEMGKLALEPGENFCMGGPG 
hCSS3(hCHSY2)_NP_787052.3         ----GRVEFFSSQQPPNAGQPPPPLPVIALPGVDDSYPPQKKSFMMIKYMHDHYLDKYEWFMRADDDVYIKGDKLEEFLRSL--NSSKPLYLGQTGLGNIEELGKLGLEPGENFCMGGPG 
Dmel_CG9220_NP_996440.2           -------------FFSSEGSYSDDLPVVGLKNVDDRYPPQKKSFMMLYYMYEHYIDRFEWFIRADDDVYMEPDKLERFLRSI--DSSKPQFIGQAGKGNSEEFGLLSLEFDENFCMGGPG 
XP_012545235.1                    ---------GRIAFFSSEVSRAPGLPLVPLRNVDDSYPPQKKSFLMLLHMYEKYGEKFEWFMRADDDVYVRGDKLEEFLRSV--DSRKPQFIGQAGRGTNDEKDVLALDYNENFCMGGPG 
XP_026741443.1                    ---------GRIAFFSSEVSRAPGLPLVPLRNVDDSYPPQKKSFLMLLYMYEKYGDKFEWFMRADDDVYVRGDKLEEFLRSV--DSRKPQFIGQAGRGTNDERDALSLDYNENFCMGGPG 
hB4GALNT3_NP_775864.3             ALPRDEQPPADMLRPDPRDTLYRVPLIPKSHLRHVLPDCPYKPSYLVDGLPLQRYQGLRFVHLSFVYPNDYTRLSHMETHNKCFYQENAYYQDRFSFQEYIKIDQPEKQGLEQPGFEENL 
hB4GALNT4_NP_848632.2             -RPPQEETSADMLRPDPRDTFFLTPRMESSSLENVLEPCAYAPTYVVKDFPIARYQGLQFVYLSFVYPNDYTRLTHMETDNKCFYRESPLYLERFGFYKYMKMDKEEGDEDEEDEVQRRA 
Dmel_CG12913_NP_610567.1          ----------------------------------------------------SSGFSYTLSEREAEIERLKQEVLALRTQILFLQNNRSTAKPSNGSLQLQ------------------- 
hCSGalNAcT2_NP_061060.3           ----------------------------------------------------APQTDGNASLPGVVGENYGKEYYQALLQEQEEHYQTRATSLKRQIAQLKQELQEMSEKMRSLQERRNV 
hCSGalNAcT1_NP_060841.5           ----------------------------------------------------TPKGDEEQLALPRANSPTGKEGYQAVLQEWEEQHRNYVSSLKRQIAQLKEELQERSEQLRNGQYQASD 
                                                                                                                                                           
 
 



hCSS2_NP_078812.2                 VLLSRMLLQQLR---------PHLEGCRNDIVSARPDEWLGRCILDATGVGCTGDHEGVHYSHL------------------------------ELSPGEPVQEGDPHFRSALTAHPVRD 
hCHSY3(hCSGlcAT)_NP_061888.1      YLLSRSLLLRLR---------PHLDGCRGDILSARPDEWLGRCLIDSLGVGCVSQHQGQQYRSFE-----------------------------LAKNRDPEKEGSSAFLSAFAVHPVSE 
XP_026726307.1                    ---------ATM---------NQRTVFNESEQST------------------------------------------------------------YSAYYLMLGKYKTTIKDELEDCPELP 
XP_004926306.3                    -------YLSFI---------NNKDITSDNGVSETEYADLMVSLKGLYTF-----------------------------------------------------YPLEVKKQGLPRCPEKP 
hB4GalT7_NP_009186.1              ----------------------------------------------------------------------------------------------SGDVARAVRGQGQETSGPPRACPPEP 
DmGalT7_NP_651319.2               ----------------------------------------------------------------------------------------------------------------DCVCPLSN 
XP_026729552.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_004933020.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_004933019.1                    ---------------------------------------------------------------------------------------------------------------------EEK 
LsGlcNAcT_CAA56514.1              ---------LIE---------TESEFVDGFQRNEVIACSDT-----------------------------------------------------SEEFRTDSKRITLVNSQSGVPCPIRP 
hB4GalT5_NP_004767.1              --------SAYA---------KRNSSVNDSDYPLDLNHSE------------------------------------------------------TFLQTTTFLPEDFTYFANHT-CPERL 
mB4GalT5_NP_062809.2              --------SAYA---------KRNSSLNDSDYPLDLNHSE------------------------------------------------------AFPPTTTFLPEDFTYFANHP-CPERL 
hB4GalT6_NP_004766.2              --------RLYT---------NKNSTLNGTDYPEGNNSSD------------------------------------------------------YLVQTTTYLPENFTYSPYLP-CPEKL 
mB4GalT6_NP_062711.1              --------RLYT---------NKNTTLNGTDYPEGNNTSD------------------------------------------------------YLVQTTTYLPQNFTYLPHLP-CPEKL 
rB4GalT6_NP_113928.1              --------RLYT---------NKNTTLNGTDYPEGNNTSD------------------------------------------------------YLVQTTTYLPQNFTYSPHLP-CPEKL 
XP_021203993.1                    ----------------------NPQDIPNQLYKE--------------------------------------------------------------------IASNIVLKKSKPDC-EFE 
XP_026746863.1                    ----------------------PAEVLETQLFKQ--------------------------------------------------------------------TTPNLVLQKNKPDC-TYD 
DmB4GalNAcTB_NP_651657.1          ----------------------EESKIEGALVPQ------------------------------------------------------------VTRNVSQQEVFECTYSEIIAENRFVY 
XP_021205074.1                    ----------------------EKHNILKYLHE---------------------------------------------------------------------EVNVNLTSNAFTNC-DYH 
XP_021205072.1                    ----------------------EKHNILKYLHE---------------------------------------------------------------------EVNVNLTSNAFTNC-DYH 
XP_021205073.1                    ----------------------EKHNILKYLHE---------------------------------------------------------------------EVNVNLTSNAFTNC-DYH 
XP_026730902.1                    ----------------------EKDNIVKNLHE---------------------------------------------------------------------ETAANFTSTAIVDC-DYY 
XP_026730903.1                    ----------------------EKDNIVKNLHE---------------------------------------------------------------------ETAANFTSTAIVDC-DYY 
XP_026730904.1                    ----------------------EKDNIVKNLHE---------------------------------------------------------------------ETAANFTSTAIVDC-DYY 
DmB4GalNAcTA_NP_610946.1          ----------LS---------KDRERDQELNGGPNSTIRTVIATANFTSIPQDLTRF-------------------------------------LLGTKKFLPPRQKSTSALLANCTDPD 
XP_004926305.1                    --------RMVE---------VNTSTVQDIMLSTTVKDILSRDENIF-----------------------------------------------VQTKKAQELRKQEQTNGHLPFCFHKI 
TnB4GalNAcT_AAT11926.1            ITETASKLDKNM---------TIQDGAFAMISPTPLLITKLMDSI-------------------------------------------------KSYVTTEDGVKKAEAVVTLPLC-DSM 
AAT11926.1                        ITETASKLDKNM---------TIQDGAFAMISPTPLLITKLMDSI-------------------------------------------------KSYVTTEDGVKKAEAVVTLPLC-DSM 
XP_026736023.1                    ITETASKLDKNM---------TIQDGAFAVISPTPLLITKLMDSI-------------------------------------------------KSYVTTEVGVKKAEAVVTLPLC-DSM 
BmGalNAcT                         ITKNETELKINT---------TQYNMTVTQKSPSSTSLLIAKIVE-------------------------------------------------GLKNLVTTEGAVKKQDSALPLC-DVS 
XP_012545894.1                    ITKNETELKINT---------TQYNMTVTQKSPSSTSLLIAKIVE-------------------------------------------------GLKNLVTTEGAVKKQDSALPLC-DVS 
XP_012545893.1                    ITKNETELKINT---------TQYNMTVTQKSPSSTSLLIAKIVE-------------------------------------------------GLKNLVTTEGAVKKQDSALPLC-DVS 
XP_026735990.1                    -------KYSLK---------NSSEILMDYKHEYNSSYYWFMSM--------------------------------------------------KHLFKNIGEEETRRYSEGVPSC-QLN 
XP_026735967.1                    -------KYSLK---------NSSEILMDYKHEYNSSYYWFMSM--------------------------------------------------KHLFKNIGEEETRRYSEGVPSC-QLN 
XP_026735983.1                    ---------KLG---------YANASTNNHNVPGEADLVYKYSLK-------------------------------------------------NSSEILMGEEETRRYSEGVPSC-QLN 
XP_026744785.1                    APVDCRASHRVAIIVPYRNRKMNLAVLLRYLHPFLKKQLLEYRIFVIEQYGIEQFNKGTLYNIAFLESQRFGSWDC------------------LIFHDVDLIPEDERISYTCMKYPTHM 
XP_026736000.1                    ---------RPS---------NAVDTIESYDPKTLEYPDEAIK---------------------------------------------------YKNESLGFEAEARTEAQNLPTCRLKE 
XP_026725933.1                    ---------------------IENKSVEYYKYPIII----------------------------------------------------------NSSGISMCDDDSPKNFLSDTPTCQTN 
XP_026744789.1                    ---------III---------NSSGISMSFEESFNSSYYWFVAM--------------------------------------------------KPWFKYMGDDDSPKYFLSDTPTCQTN 
XP_026744786.1                    ---------III---------NSSGISMSFEESFNSSYYWFVAM--------------------------------------------------KPWFKYMGDDDSPKYFLSDTPTCQTN 
XP_026744790.1                    ---------III---------NSSGISMSFEESFNSSYYWFVAM--------------------------------------------------KPWFKYMGDDDSPKYFLSDTPTCQTN 
XP_026744791.1                    ---------PLI---------NSTDIEMELGNQYNTSYDWFMAM--------------------------------------------------KHQFKRLGSGDSPKYSKDLRAC-VVN 
XP_026735957.1                    -----------------------------------------MAM--------------------------------------------------KDQFKRLGSGDSPKYSKDLRAC-VVN 
CeGalNAcT_NP_490872.1             ---------NTA---------STSDDLLDTWNSTFSPISEVN----------------------------------------------------QTSFMEDIRPILFPDNQTLQFCNQTP 
hB4GalT4_NP_003769.1              ----------EI---------PKAKEFMANFHKTL-----------------------------------------------------------ILGKGKTLTNEASTKKVELDNCPSVS 
mB4GalT4_NP_062778.2              ----------VI---------PKAKDFMASFHKVI-----------------------------------------------------------HLGNEETLGHDGATKKPELANCPSVS 
hB4GalT3_NP_003770.1              -----------G---------RDQGPTFDYSHPRDVY---------------------------------------------------------SNLSHLPGAPGGPPAPQGLPYCPERS 
mB4GalT3_NP_065604.2              -----------G---------RDPGPTFDYSHPHDVYSN-------------------------------------------------------LSHLPAAPGAAGAPPAQALPYCPERS 
ckGalT1_AAB05217.1                -------NARNT---------SRVHPFSNSSRPNSTAPSYGPRGAE------------------------------------------------PPSPSAKPNTNRSVTEKPLQPCQEMP 
hB4GalT2_NP_003771.1              --------HALH---------PAASSSSSSSNCSRPNATAS-----------------------------------------------------SSGLPEVPSALPGPTAPTLPPCPDSP 
DrB4GalT1_AAH80228.1              ----SFISDMVN---------SQTHGELGQADNETLDVAVYKR---------------------------------------------------IYNNETVIIGDVEKPAEVLESCPETS 
ckGalT-CKII_AAB05218.1            ---------RRP---------PPANLSLPPSRPPPPPAAR------------------------------------------------------PRPGPVSAQPRNLPDSAPSGLCPDPS 
bB4GalT1_NP_803478.1              --------KPRS---------RAPSNLDAYSHPGPGP---------------------------------------------------------GPGSNLTSAPVPSTTTRSLTACPEES 
hB4GalT1_NP_001488.2              ---------SSQ---------PRPGGDSSPVVDSGP----------------------------------------------------------GPASNLTSVPVPHTTALSLPACPEES 
mB4GalT1_NP_071641.1              ---------SPK---------PRPGLDSSPGAASGPG---------------------------------------------------------LKSNLSSLPVPTTTGLLSLPACPEES 
hCHSY1_NP_055733.2                VIMSREVLRRMV---------PHIGKCLREMYTTHEDVEVGRCVRRFAGVQCVWSYEMQQLFYENYE---------------------------QNKKGYIRDLHNSKIHQAITLHPNKN 
hCSS3(hCHSY2)_NP_787052.3         MIFSREVLRRMV---------PHIGECLREMYTTHEDVEVGRCVRRFGGTQCVWSYEMQQLFHENYE---------------------------HNRKGYIQDLHNSKIHAAITLHPNKR 
Dmel_CG9220_NP_996440.2           VILSSETLRRVA---------PHIPSCLKNLYSTHEDVEVGRCVQKFAGIPCTWNYEMQYILRHNS----------------------------SGRNAYTGKLKRKEIHNAITLHPIKQ 
XP_012545235.1                    VLISRETLRRVA---------PHVKYCLKHLYSTHEDVELGRCVAKFAGVSCTWSYDMQTILHHNG----------------------------SGEAAYTGRLKAREVHRAITLHPVKD 
XP_026741443.1                    VLFSRETLKRVA---------PHVKYCLKHLYTTHEDVELGRCVAKFAGVSCTWSYDMQTILHHNG----------------------------SGALAYTGRLKNREVHRAITLHPVKD 
hB4GALNT3_NP_775864.3             LEESQYGEVAEE---------TPASNNQNARMLEGRQTPASTLEQDATDYRLRSLRKLLAQPREGLLAPFSKRNSTASFPGRTSHIPVQQPEKRKQKPSPEPSQDSPHSDKWPPGHPVKN 
hB4GALNT4_NP_848632.2             FLFLNPDDFLDD---------EDEGELLDSLEPTEAAPPRSGPQSPAPAAPAQPGATLAPPT--------------------------------PPRPRDGGTPRHSRALSWAARAARPL 
Dmel_CG12913_NP_610567.1          -ETTAGPPTAPL---------GHHYDCSSYIRKQVGAAEILHGLPLNNEYE-------------------------------------------LIPYNHFTFTRVYPIDLGLGKRVVEK 
hCSGalNAcT2_NP_061060.3           GANGIGYQSNKE---------QAPSDLLEFLHSQIDKAEVSIGAKLPSEYG-------------------------------------------VIPFESFTLMKVFQLEMGLTRHPEEK 
hCSGalNAcT1_NP_060841.5           AAGLGLDRSPPE---------KTQADLLAFLHSQVDKAEVNAGVKLATEYA-------------------------------------------AVPFDSFTLQKVYQLETGLTRHPEEK 
                                                                                                                                                           
 
hCSS2_NP_078812.2                 -PVHMYQLHKAFARAELERTYQEIQELQWEI----------------------------------QNTSHLAVDGDRAAAWPVGIPAPSRPASRFEVLRWDYFTEQHAFSCADGSPRCPL 
hCHSY3(hCSGlcAT)_NP_061888.1      -GTLMYRLHKRFSALELERAYSEIEQLQAQI----------------------------------RNLTVLTPEGEAGLSWPVGLPAPFTPHSRFEVLGWDYFTEQHTFSCADGAPKCPL 
XP_026726307.1                    -PGL-GP----------------------------------------------------------------------------------------------------------------- 
XP_004926306.3                    -PNL-GP----------------------------------------------------------------------------------------------------------------- 
hB4GalT7_NP_009186.1              -PPEHWE----------------------------------------------------------------------------------------------------------------- 
DmGalT7_NP_651319.2               -PLAKLA----------------------------------------------------------------------------------------------------------------- 
XP_026729552.1                    -PIQYEN----------------------------------------------------------------------------------------------------------------- 
XP_004933020.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_004933019.1                    -PALLKQ----------------------------------------------------------------------------------------------------------------- 
LsGlcNAcT_CAA56514.1              -PALAGR----------------------------------------------------------------------------------------------------------------- 
hB4GalT5_NP_004767.1              -PSMKGP----------------------------------------------------------------------------------------------------------------- 
mB4GalT5_NP_062809.2              -PSMKGP----------------------------------------------------------------------------------------------------------------- 
hB4GalT6_NP_004766.2              -PYMRGF----------------------------------------------------------------------------------------------------------------- 
mB4GalT6_NP_062711.1              -PYMRGF----------------------------------------------------------------------------------------------------------------- 
rB4GalT6_NP_113928.1              -PYMRGF----------------------------------------------------------------------------------------------------------------- 
XP_021203993.1                    -NILKST----------------------------------------------------------------------------------------------------------------- 
XP_026746863.1                    -KILNNP----------------------------------------------------------------------------------------------------------------- 
DmB4GalNAcTB_NP_651657.1          -HLAHYH----------------------------------------------------------------------------------------------------------------- 
XP_021205074.1                    -DIINDE----------------------------------------------------------------------------------------------------------------- 
XP_021205072.1                    -DIINDE----------------------------------------------------------------------------------------------------------------- 
XP_021205073.1                    -DIINDE----------------------------------------------------------------------------------------------------------------- 
XP_026730902.1                    -DIIHDE----------------------------------------------------------------------------------------------------------------- 
XP_026730903.1                    -DIIHDE----------------------------------------------------------------------------------------------------------------- 
XP_026730904.1                    -DIIHDE----------------------------------------------------------------------------------------------------------------- 
DmB4GalNAcTA_NP_610946.1          -PRDGGP----------------------------------------------------------------------------------------------------------------- 
XP_004926305.1                    -HSNHSA----------------------------------------------------------------------------------------------------------------- 
TnB4GalNAcT_AAT11926.1            -PPDLGP----------------------------------------------------------------------------------------------------------------- 
AAT11926.1                        -PPDLGP----------------------------------------------------------------------------------------------------------------- 
XP_026736023.1                    -PPDLGP----------------------------------------------------------------------------------------------------------------- 
BmGalNAcT                         -PPDLGP----------------------------------------------------------------------------------------------------------------- 
XP_012545894.1                    -PPDLGP----------------------------------------------------------------------------------------------------------------- 
XP_012545893.1                    -PPDLGP----------------------------------------------------------------------------------------------------------------- 
XP_026735990.1                    -ESSLGP----------------------------------------------------------------------------------------------------------------- 
XP_026735967.1                    -ESSLGP----------------------------------------------------------------------------------------------------------------- 
XP_026735983.1                    -ESSLGP----------------------------------------------------------------------------------------------------------------- 
XP_026744785.1                    SPSVESQNYNLAYETLFGGVTSLMPDQYIAVNGYSNFYWSWGAEDDDMYIRLQSAKLPMLRYNSTIARFATLPHERNRAGKDRYFFLDYSKLRYQVEGLRSTKYKLLSVVKRKLYTHILA 
XP_026736000.1                    -P--LGK----------------------------------------------------------------------------------------------------------------- 
XP_026725933.1                    -NTYFGR----------------------------------------------------------------------------------------------------------------- 
XP_026744789.1                    -NTYFGR----------------------------------------------------------------------------------------------------------------- 
XP_026744786.1                    -NTYFGR----------------------------------------------------------------------------------------------------------------- 
XP_026744790.1                    -NTYFGR----------------------------------------------------------------------------------------------------------------- 
XP_026744791.1                    -MSAFEP----------------------------------------------------------------------------------------------------------------- 
XP_026735957.1                    -MSAFEP----------------------------------------------------------------------------------------------------------------- 
CeGalNAcT_NP_490872.1             -PHLVGP----------------------------------------------------------------------------------------------------------------- 
hB4GalT4_NP_003769.1              -PYLRGQ----------------------------------------------------------------------------------------------------------------- 
mB4GalT4_NP_062778.2              -PNLRGQ----------------------------------------------------------------------------------------------------------------- 
hB4GalT3_NP_003770.1              -PLLVGP----------------------------------------------------------------------------------------------------------------- 
mB4GalT3_NP_065604.2              -PFLVGP----------------------------------------------------------------------------------------------------------------- 
ckGalT1_AAB05217.1                -SGLVGR----------------------------------------------------------------------------------------------------------------- 
hB4GalT2_NP_003771.1              -PGLVGR----------------------------------------------------------------------------------------------------------------- 
DrB4GalT1_AAH80228.1              -PLLVGQ----------------------------------------------------------------------------------------------------------------- 
ckGalT-CKII_AAB05218.1            -PLLVGP----------------------------------------------------------------------------------------------------------------- 
bB4GalT1_NP_803478.1              -PLLVGP----------------------------------------------------------------------------------------------------------------- 
hB4GalT1_NP_001488.2              -PLLVGP----------------------------------------------------------------------------------------------------------------- 
mB4GalT1_NP_071641.1              -PLLVGP----------------------------------------------------------------------------------------------------------------- 
hCHSY1_NP_055733.2                -PPYQYRLHSYMLSRKISELRHRTIQLHREIVLM-------------------------------SKYSNTEIHKEDLQLGIPPSFMRFQPRQREEILEWEFLTGKYLYSAVDGQPPRRG 
hCSS3(hCHSY2)_NP_787052.3         -PAYQYRLHNYMLSRKISELRYRTIQLHRESALM-------------------------------SKLSNTEVSKEDQQLGVIPSFNHFQPRERNEVIEWEFLTGKLLYSAAENQPPRQS 
Dmel_CG9220_NP_996440.2           -APLMYRLHSYVQGLKAEEMRQESLLLHRDIKRM------------AKYLEVPDESTYMLPSVSPESDSTKRHFQDHNILGISPELNKFVPASTDDLLDWSFIARSLYSASSANPKQKID 
XP_012545235.1                    -HRQMYRIHSYFKNFRIQELRERSLDLHRDISSA-------LRELSIPRDEVDDFVLPGDVPLFPAKIGEPGYLGDNKILGAPIDMNRYKPSNLDDIVIFDFISKSLYSAYHSNPKRRVE 
XP_026741443.1                    -HRQMYRIHSYFKNLRIQELRERSLDLHRDISSA-------MHELNVPEDQVDDYLLQEDVPLFPAKLGEPEYLGNNKILGAPIDMNRYKSNTVEDIVPFDFISKSLYSASHSNPKRRIE 
hB4GALNT3_NP_775864.3             LPQMRGP-------------------------------------------------------RPRPAGDSPRKTQWLNQVESYIAEQRRGDRMRPQAPGRGWHGEEEVVAAAGQEGQVEG 
hB4GALNT4_NP_848632.2             -PLFLGRAPPPRPAVEQPPPKVYVTRVRPGQRASPRAPAPRAPWPPFPGVFLHPRPLPRVQLRAPPRPPRPHGRRTGGPQATQPRPPARAQATQGGREGQARTLGPAAPTVDSNLSSEAR 
Dmel_CG12913_NP_610567.1          -PIGYRR----------------------------------------------------------------------------------------------------------------- 
hCSGalNAcT2_NP_061060.3           -PVRKDK----------------------------------------------------------------------------------------------------------------- 
hCSGalNAcT1_NP_060841.5           -PVRKDK----------------------------------------------------------------------------------------------------------------- 
                                                                                                                                                           
 
 



hCSS2_NP_078812.2                 RGA-DRADVADV-----------------------------------------LGTAL----------------------------------------------------------EELN 
hCHSY3(hCSGlcAT)_NP_061888.1      QGA-SRADVGDA-----------------------------------------LETAL----------------------------------------------------------EQLN 
XP_026726307.1                    -----ELENRAM-----------------------------------------IAKNI----------------------------------------------------------DNFE 
XP_004926306.3                    ----VVEDTVMK-----------------------------------------SLKAF----------------------------------------------------------DKLY 
hB4GalT7_NP_009186.1              ------------------------------------------------------------------------------------------------------------------------ 
DmGalT7_NP_651319.2               -----------G-----------------------------------------GGEGV----------------------------------------------------------SVIK 
XP_026729552.1                    --------------------------------------------------------------------------------------------------------------------EALP 
XP_004933020.1                    ----SKVEFQ-------------------------------------------------------------------------------------------------------------- 
XP_004933019.1                    ------------------------------------------------------------------------------------------------------------------------ 
LsGlcNAcT_CAA56514.1              ----FVPSKKSS-----------------------------------------TYHEL----------------------------------------------------------AAMF 
hB4GalT5_NP_004767.1              ----IDINMSEI-----------------------------------------GMDYI----------------------------------------------------------HELF 
mB4GalT5_NP_062809.2              ----IDINMSEI-----------------------------------------AMDDI----------------------------------------------------------HELF 
hB4GalT6_NP_004766.2              ----LNVNVSEV-----------------------------------------SFDEI----------------------------------------------------------HQLF 
mB4GalT6_NP_062711.1              ----LSVNVSEI-----------------------------------------SFDEV----------------------------------------------------------HQLF 
rB4GalT6_NP_113928.1              ----LSVNVSEI-----------------------------------------SFDEV----------------------------------------------------------HQLF 
XP_021203993.1                    ----KTTDSWDA-----------------------------------------PKK-N----------------------------------------------------------ENFK 
XP_026746863.1                    ----TTLLNWEV-----------------------------------------PKR-F----------------------------------------------------------DDFS 
DmB4GalNAcTB_NP_651657.1          ----DAVQRG-------------------------------------------------------------------------------------------------------------- 
XP_021205074.1                    ----TTLSPNLI-----------------------------------------EGDLV----------------------------------------------------------EG-- 
XP_021205072.1                    ----TTLSPNLI-----------------------------------------EGDLV----------------------------------------------------------EG-- 
XP_021205073.1                    ----TTLSPNLI-----------------------------------------EGDLV----------------------------------------------------------EG-- 
XP_026730902.1                    ----TSLSISIV-----------------------------------------GGDLI----------------------------------------------------------EG-- 
XP_026730903.1                    ----TSLSISIV-----------------------------------------GGDLI----------------------------------------------------------EG-- 
XP_026730904.1                    ----TSLSISIV-----------------------------------------GGDLI----------------------------------------------------------EG-- 
DmB4GalNAcTA_NP_610946.1          ----ITPNTT-------------------------------------------LES-L----------------------------------------------------------DVIE 
XP_004926305.1                    -----NLESEEL------------------------------------------------------------------------------------------------------------ 
TnB4GalNAcT_AAT11926.1            ----ITLNKTEL-----------------------------------------E---L----------------------------------------------------------EWVE 
AAT11926.1                        ----ITLNKTEL--------------------------------------------EL----------------------------------------------------------EWVE 
XP_026736023.1                    ----ITLNKTEL-----------------------------------------E---L----------------------------------------------------------EWVE 
BmGalNAcT                         ----IQVNKTDL-----------------------------------------E---L----------------------------------------------------------DWVE 
XP_012545894.1                    ----IQVNKTDL--------------------------------------------EL----------------------------------------------------------DWVE 
XP_012545893.1                    ----IQVNKTDL--------------------------------------------EL----------------------------------------------------------DWVE 
XP_026735990.1                    ----ILVDKS-------------------------------------------IPD-L----------------------------------------------------------KWVE 
XP_026735967.1                    ----ILVDKS-------------------------------------------IPD-L----------------------------------------------------------KWVE 
XP_026735983.1                    ----ILVDKS-------------------------------------------IPD-L----------------------------------------------------------KWVE 
XP_026744785.1                    DVNPIRMKIAMKSIMRQLAKLFEWERRNSLHECLDSSKEPRRRKDVRRKWKAWITMLLFTSGVYYIYTHRADLFPDLFERDLPVIAEVVANTEAYTKAAKVLRPSNAVDTIESYDPKTLE 
XP_026736000.1                    ----VHINKTS------------------------------------------VNYTD----------------------------------------------------------ENIH 
XP_026725933.1                    ----IIVNKQEP-----------------------------------------TLDLV----------------------------------------------------------AREN 
XP_026744789.1                    ----IIVNKQEP-----------------------------------------TLDLV----------------------------------------------------------AREN 
XP_026744786.1                    ----IIVNKQEP-----------------------------------------TLDLV----------------------------------------------------------AREN 
XP_026744790.1                    ----IIVNKQEP-----------------------------------------TLDLV----------------------------------------------------------AREN 
XP_026744791.1                    ----IKVEKLEL-----------------------------------------QSKKV----------------------------------------------------------QKEL 
XP_026735957.1                    ----IKVEKLEL-----------------------------------------QLKKV----------------------------------------------------------QKEL 
CeGalNAcT_NP_490872.1             ----IRVFLDEP-----------------------------------------DFKTL----------------------------------------------------------EKIY 
hB4GalT4_NP_003769.1              ----SKLIFKPD-----------------------------------------LT--L----------------------------------------------------------EEVQ 
mB4GalT4_NP_062778.2              ----SKLVFK-------------------------------------------PDLTL----------------------------------------------------------EEIE 
hB4GalT3_NP_003770.1              ----VSVSFSP------------------------------------------VPS-L----------------------------------------------------------AEIV 
mB4GalT3_NP_065604.2              ----VSVSFSP------------------------------------------VPSLA----------------------------------------------------------EIVE 
ckGalT1_AAB05217.1                ----LLIEFS-------------------------------------------SPMSM----------------------------------------------------------ERVQ 
hB4GalT2_NP_003771.1              ----LLIEFT-------------------------------------------SPMPL----------------------------------------------------------ERVQ 
DrB4GalT1_AAH80228.1              ----LRVEFS-------------------------------------------TPVDF----------------------------------------------------------NLVR 
ckGalT-CKII_AAB05218.1            ----LRVEFS-------------------------------------------QPVNL----------------------------------------------------------EEVA 
bB4GalT1_NP_803478.1              ----MLIEFN-------------------------------------------IPVDL----------------------------------------------------------KLIE 
hB4GalT1_NP_001488.2              ----MLIEFN-------------------------------------------MPVDL----------------------------------------------------------ELVA 
mB4GalT1_NP_071641.1              ----MLIDFN-------------------------------------------IAVDL----------------------------------------------------------ELLA 
hCHSY1_NP_055733.2                MDSAQREALDDI-----------------------------------------VMQVM----------------------------------------------------------EMIN 
hCSS3(hCHSY2)_NP_787052.3         LSSILRTALDDT-----------------------------------------VLQVM----------------------------------------------------------EMIN 
Dmel_CG9220_NP_996440.2           SA--MREGLEDA-----------------------------------------ITEVM----------------------------------------------------------ENIN 
XP_012545235.1                    LP--LKEAMDDV-----------------------------------------IREVM----------------------------------------------------------EIIN 
XP_026741443.1                    GP--LREALDDV-----------------------------------------IREVM----------------------------------------------------------EIIN 
hB4GALNT3_NP_775864.3             EEEGEEEEEEED-----------------------------------------MSEVF----------------------------------------------------------EYVP 
hB4GALNT4_NP_848632.2             PVT-SFLSLSQVSGPQLPGEGEEEEEGEDDGAPGDEAASEDSEEAAGPALGRWREDAI----------------------------------------------------------DWQR 
Dmel_CG12913_NP_610567.1          ------RDLIEA-----------------------------------------VNKAL----------------------------------------------------------ESLN 
hCSGalNAcT2_NP_061060.3           -----RDELVEV-----------------------------------------IEAGL----------------------------------------------------------EVIN 
hCSGalNAcT1_NP_060841.5           -----RDELVEA-----------------------------------------IESAL----------------------------------------------------------ETLN 
                                                                                                                                                           
 
hCSS2_NP_078812.2                 ----------------------RRYHPALRL-----------------------QKQQLVNGYR----------RFDPARGMEYTLDLQLEALTPQGGRRPLTRRV-------------- 
hCHSY3(hCSGlcAT)_NP_061888.1      ----------------------RRYQPRLRF-----------------------QKQRLLNGYR----------RFDPARGMEYTLDLLLECVTQRGHRRALARRV-------------- 
XP_026726307.1                    ----------------------SKL-NDVKP-----------------------------GGIY----------K--------------------------------------------- 
XP_004926306.3                    --------------------------SEVQI-----------------------------GGAY----------C--------------------------------------------- 
hB4GalT7_NP_009186.1              --------------------------EDASW------------------------------GPH-------------------------------------------------------- 
DmGalT7_NP_651319.2               ----------------------KEPADEKQP-------------------------------------------Q--------------------------------------------- 
XP_026729552.1                    --------------------------NQVRH-------------------------------------------RI-------------------------------------------- 
XP_004933020.1                    --------------------------------------------------------------------------I--------------------------------------------- 
XP_004933019.1                    --------------------------SVAEI----------------------------------------------------------------------------------------- 
LsGlcNAcT_CAA56514.1              --------------------------PDVQD-----------------------------GGHY----------T--------------------------------------------- 
hB4GalT5_NP_004767.1              ----------------------SKD-PTIKL-----------------------------GGHW----------K--------------------------------------------- 
mB4GalT5_NP_062809.2              ----------------------SRD-PAIKL-----------------------------GGHW----------K--------------------------------------------- 
hB4GalT6_NP_004766.2              ----------------------SKD-LDIEP-----------------------------GGHW----------R--------------------------------------------- 
mB4GalT6_NP_062711.1              ----------------------SKD-SEIGP-----------------------------GGHW----------R--------------------------------------------- 
rB4GalT6_NP_113928.1              ----------------------SKD-SEIEP-----------------------------GGHW----------R--------------------------------------------- 
XP_021203993.1                    --------------------------ANNIV-----------------------------NGSY----------V--------------------------------------------- 
XP_026746863.1                    --------------------------AKDLV-----------------------------NGSY----------V--------------------------------------------- 
DmB4GalNAcTB_NP_651657.1          --------------------------AEIRP-----------------------------GGEF----------R--------------------------------------------- 
XP_021205074.1                    --------------------------HGIRD-----------------------------GGEY----------I--------------------------------------------- 
XP_021205072.1                    --------------------------HGIRD-----------------------------GGEY----------I--------------------------------------------- 
XP_021205073.1                    --------------------------HGIRD-----------------------------GGEY----------I--------------------------------------------- 
XP_026730902.1                    --------------------------HKIKE-----------------------------GGEY----------A--------------------------------------------- 
XP_026730903.1                    --------------------------HKIKE-----------------------------GGEY----------A--------------------------------------------- 
XP_026730904.1                    --------------------------HKIKE-----------------------------GGEY----------A--------------------------------------------- 
DmB4GalNAcTA_NP_610946.1          ----------------------AELGPLLRP-----------------------------GGAF----------E--------------------------------------------- 
XP_004926305.1                    ----------------------HKQLSVIKP-----------------------------GGYY----------Y--------------------------------------------- 
TnB4GalNAcT_AAT11926.1            ----------------------KKF-PEVEW-----------------------------GGRY----------S--------------------------------------------- 
AAT11926.1                        ----------------------KKF-PEVEW-----------------------------GGRY----------S--------------------------------------------- 
XP_026736023.1                    ----------------------KKF-PEVEW-----------------------------GGRY----------S--------------------------------------------- 
BmGalNAcT                         ----------------------KRY-PEVQW-----------------------------GGHY----------V--------------------------------------------- 
XP_012545894.1                    ----------------------KRY-PEVQW-----------------------------GGHY----------V--------------------------------------------- 
XP_012545893.1                    ----------------------KRY-PEVQW-----------------------------GGHY----------V--------------------------------------------- 
XP_026735990.1                    ----------------------DRN-TDVSP-----------------------------GGYY----------A--------------------------------------------- 
XP_026735967.1                    ----------------------DRN-TDVSP-----------------------------GGYY----------A--------------------------------------------- 
XP_026735983.1                    ----------------------DRN-TDVSP-----------------------------GGYY----------A--------------------------------------------- 
XP_026744785.1                    YPDEAIKYKNESLGFEAEARTEAQNMPTCRL--KEPLGKVHINKTSVNYTDENIHPQVKKGGYY----------R--------------------------------------------- 
XP_026736000.1                    --------------------------PQVKK-----------------------------GGYY----------R--------------------------------------------- 
XP_026725933.1                    --------------------------PHVKT-----------------------------GGYY----------N--------------------------------------------- 
XP_026744789.1                    --------------------------PHVKT-----------------------------GGYY----------N--------------------------------------------- 
XP_026744786.1                    --------------------------PHVKT-----------------------------GGYY----------N--------------------------------------------- 
XP_026744790.1                    --------------------------PHVKT-----------------------------GGYY----------N--------------------------------------------- 
XP_026744791.1                    --------------------------LFIKR-----------------------------GGRH----------A--------------------------------------------- 
XP_026735957.1                    --------------------------LFVKR-----------------------------GGRH----------A--------------------------------------------- 
CeGalNAcT_NP_490872.1             --------------------------PDTHA-----------------------------GGHG----------M--------------------------------------------- 
hB4GalT4_NP_003769.1              ----------------------AEN-PKVSR------------------------------GRY----------R--------------------------------------------- 
mB4GalT4_NP_062778.2              ----------------------AEN-PKVSR-----------------------------GRYH-------------------------------------------------------- 
hB4GalT3_NP_003770.1              ----------------------ERN-PRVEP-----------------------------GGRY----------R--------------------------------------------- 
mB4GalT3_NP_065604.2              -----------------------RN-PRVES-----------------------------GGRY----------R--------------------------------------------- 
ckGalT1_AAB05217.1                ----------------------REN-PDVSL-----------------------------GGKY----------T--------------------------------------------- 
hB4GalT2_NP_003771.1              ----------------------REN-PGVLM-----------------------------GGRY----------T--------------------------------------------- 
DrB4GalT1_AAH80228.1              ----------------------QGN-KHLTM-----------------------------GGRY----------T--------------------------------------------- 
ckGalT-CKII_AAB05218.1            ----------------------STN-PEVRE-----------------------------GGRF----------A--------------------------------------------- 
bB4GalT1_NP_803478.1              ----------------------QQN-PKVKL-----------------------------GGRY----------T--------------------------------------------- 
hB4GalT1_NP_001488.2              ----------------------KQN-PNVKM-----------------------------GGRY----------A--------------------------------------------- 
mB4GalT1_NP_071641.1              ----------------------KKN-PEIKT-----------------------------GGRY----------S--------------------------------------------- 
hCHSY1_NP_055733.2                ----------------------ANAKTRGRI----------------------IDFKEIQYGYR----------RVNPMYGAEYILDLLLLYKKHKGKKMTVPVRRHAYLQQTFSKIQFV 
hCSS3(hCHSY2)_NP_787052.3         ----------------------ENAKSRGRL----------------------IDFKEIQYGYR----------RVNPMHGVEYILDLLLLYKRHKGRKLTVPVRRHAYLQQLFSKPFFR 
Dmel_CG9220_NP_996440.2           ----------------------NYSRQRGRV----------------------IEFRELLYGYH----------RLDALHGQDMILDLLLIYKKYRGKKMTVPVRRHLYVQRAFTGIFVK 
XP_012545235.1                    ----------------------APSRQRGRV----------------------IDFNELLYGYT----------RLQPVHGADHILDLLLKYRRYRGRKMTAAVRRHAYLQQSFTGMEIR 
XP_026741443.1                    ----------------------APSRQRGRV----------------------IDFNELLYGYT----------RLQPLHGADHVLDLLLKYRRYRGRKMTAAVRRHAYLQQSFTGMEIR 
hB4GALNT3_NP_775864.3             VFDPVVNWDQTFSARNLDFQALRTDWIDLSC-NTSGNLLLPEQEALEVTRVFLKKLNQRSRGRYQLQRIVNVEKRQDQLRGGRYLLELELLEQGQRVVRLSEYVSARGWQGIDPAGGEEV 
hB4GALNT4_NP_848632.2             ----------TFSVGAVDFELLRSDWNDLRC-NVSGNLQLPEAEAVDVTAQYMERLNARHGGRFALLRIVNVEKRRDSARGSRFLLELELQERGGGRLRLSEYVFLRLPGARVGDADGES 
Dmel_CG12913_NP_610567.1          ----------------------RNHSARIRA-------KGAGSAAAYASDVIKYTLDDFIEGIY----------RNEPTTGTQYELYFQSVKHQASPVRRA------------------- 
hCSGalNAcT2_NP_061060.3           -------------NPDEDDEQEDEEGPLGEK--------------------LIFNENDFVEGYY----------RTERDKGTQYELFFKKADLTEYRHV--------------------- 
hCSGalNAcT1_NP_060841.5           --------------------SPAENSPNHRPYTASDFI----------------------EGIY----------RTERDKGTLYELTFKGDHKHEF---------KRL------------ 
                                                                                                                                                           
 
 



hCSS2_NP_078812.2                 -------QLLRPLS------------RVEILPVP---------------------------------------------YVTEASRLTVLLPLAAAER----DLAPGFLEAFATAALEPG 
hCHSY3(hCSGlcAT)_NP_061888.1      -------SLLRPLS------------RVEILPMP---------------------------------------------YVTEATRVQLVLPLLVAEA----AAAPAFLEAFAAN-VLEP 
XP_026726307.1                    --------------------------PTSCKSRQ---------------------------------------------------SVAVIIAYRGFK-----GYLTTLMNILHPF-LIKQ 
XP_004926306.3                    --------------------------PTKCVARQ---------------------------------------------------RVAIIVPFRNNKSRTNIRHLGTFMYMMHLF-LMKQ 
hB4GalT7_NP_009186.1              -------------------------------------------------------------------------------------RLAVLVPFRERF-----EELLVFVPHMRRF-LSRK 
DmGalT7_NP_651319.2               --------------------------PHDHGASV--------------------------------------------------HKMALLVPFRDRF-----EELLQFVPHMTAF-LKRQ 
XP_026729552.1                    --------------------------TAKQVLKK---------------------------------------------------RLAVLVPFRDRF-----EELLEFVPHMYSF-LNKQ 
XP_004933020.1                    --------------------------PTIDTDKK---------------------------------------------------RLAIIVPFRDRF-----EELLEFVPHMTAF-LKRQ 
XP_004933019.1                    --------------------------PTINTNKK---------------------------------------------------RLAIIVPFRDRF-----EELLEFVPHMTAF-LKRQ 
LsGlcNAcT_CAA56514.1              --------------------------PRMCTPAE---------------------------------------------------KTAIIIPYRNRC-----RHLYTLLPNLIPM-LMRQ 
hB4GalT5_NP_004767.1              --------------------------PSDCMPRW---------------------------------------------------KVAILIPFRNRH-----EHLPVLFRHLLPM-LQRQ 
mB4GalT5_NP_062809.2              --------------------------PADCVPRW---------------------------------------------------KVAILIPFRNRH-----EHLPVLLRHLLPM-LQRQ 
hB4GalT6_NP_004766.2              --------------------------PKDCKPRW---------------------------------------------------KVAVLIPFRNRH-----EHLPIFFLHLIPM-LQKQ 
mB4GalT6_NP_062711.1              --------------------------PKDCKPRW---------------------------------------------------KVAVLIPFRNRH-----EHLPIFFLHLIPM-LQKQ 
rB4GalT6_NP_113928.1              --------------------------PQDCKPRW---------------------------------------------------KVAVLIPFRNRH-----EHLPIFFLHLIPM-LQKQ 
XP_021203993.1                    --------------------------PEECNPMF---------------------------------------------------SVAVIVTYRNRQ-----KHLDVFLPYMHNF-LRKQ 
XP_026746863.1                    --------------------------PAHCNPKF---------------------------------------------------SVAILVTYRNRQ-----SQLDIFLPYMHNF-LRNQ 
DmB4GalNAcTB_NP_651657.1          --------------------------PEGCQARY---------------------------------------------------STAIIVPYRQRE-----EQLHAFLTYMHNY-LPQQ 
XP_021205074.1                    --------------------------PQDCRPKF---------------------------------------------------STAIIVPYR-------------------------- 
XP_021205072.1                    --------------------------PQDCRPKF---------------------------------------------------STAIIVPYRDRA-----EQLRGFLVYMHTF-FRRQ 
XP_021205073.1                    --------------------------PQDCRPKF---------------------------------------------------STAIIVPYRDRA-----EQLRGFLVYMHTF-FRRQ 
XP_026730902.1                    --------------------------PSDCKPKY---------------------------------------------------STAIIVPYRDRA-----EELRGFLVYMHTY-FHRQ 
XP_026730903.1                    --------------------------PSDCKPKY---------------------------------------------------STAIIVPYRDRA-----EELRGFLVYMHTY-FHRQ 
XP_026730904.1                    --------------------------PSDCKPKY---------------------------------------------------STAIIVPYRDRA-----EELRGFLVYMHTY-FHRQ 
DmB4GalNAcTA_NP_610946.1          --------------------------PENCNAQH---------------------------------------------------HVAIVVPFRDRY-----AHLLLFLRNIHPF-LMKQ 
XP_004926305.1                    --------------------------PKNCRSRH---------------------------------------------------KVAILVPYRDRE-----TNLAVFVFKIHPF-LMRQ 
TnB4GalNAcT_AAT11926.1            --------------------------PPNCTARH---------------------------------------------------RVAIIVPYRDRQ-----QHLAIFLNHMHPF-LMKQ 
AAT11926.1                        --------------------------PPNCTARH---------------------------------------------------RVAIIVPYRDRQ-----QHLAIFLNHMHPF-LMKQ 
XP_026736023.1                    --------------------------PPNCTARH---------------------------------------------------RVAIIVPYRDRQ-----QHLAIFLNHMHPF-LMKQ 
BmGalNAcT                         --------------------------PPNCTANH---------------------------------------------------KVAIIVPYRDRQ-----QHLAVFLNHMHPF-LMKQ 
XP_012545894.1                    --------------------------PPNCTANH---------------------------------------------------KVAIIVPYRDRQ-----QHLAVFLNHMHPF-LMKQ 
XP_012545893.1                    --------------------------PPNCTANH---------------------------------------------------KVAIIVPYRDRQ-----QHLAVFLNHMHPF-LMKQ 
XP_026735990.1                    --------------------------PVDCRASH---------------------------------------------------RVAIIVPYRNRK-----MNLAVLLRYLHPF-LKKQ 
XP_026735967.1                    --------------------------PVDCRASH---------------------------------------------------RVAIIVPYRNRK-----MNLAVLLRYLHPF-LKKQ 
XP_026735983.1                    --------------------------PVDCRASH---------------------------------------------------RVAIIVPYRNRK-----MNLAVLLRYLHPF-LKKQ 
XP_026744785.1                    --------------------------PLDCKPKH---------------------------------------------------RVGIIVPYRNRL-----HNLGIFLYNIHPF-LINQ 
XP_026736000.1                    --------------------------PLDCKPKH---------------------------------------------------RVGIIVPYRNRL-----HNLGIFLYNIHPF-LMNQ 
XP_026725933.1                    --------------------------PAHCRARY---------------------------------------------------RVAVIVPYRDRK-----EHLAVLLRYIHPL-LQKQ 
XP_026744789.1                    --------------------------PAHCRARY---------------------------------------------------RVAVVVPYRDRK-----EHLAVLLRYIHPL-LQKQ 
XP_026744786.1                    --------------------------PAHCRARY---------------------------------------------------RVAVVVPYRDRK-----EHLAVLLRYIHPL-LQKQ 
XP_026744790.1                    --------------------------PAHCRARY---------------------------------------------------RVAVVVPYRDRK-----EHLAVLLRYIHPL-LQKQ 
XP_026744791.1                    --------------------------PAHCRPTH---------------------------------------------------RVAIIIPYRDRR-----KNLIILLHYLHPL-LKKQ 
XP_026735957.1                    --------------------------PAHCRPTH---------------------------------------------------RVAIIIPYRDRR-----KNLIILLHYLHPL-LKKQ 
CeGalNAcT_NP_490872.1             --------------------------PKDCVARH---------------------------------------------------RVAIIVPYRDRE-----AHLRIMLHNLHSL-LAKQ 
hB4GalT4_NP_003769.1              --------------------------PQECKALQ---------------------------------------------------RVAILVPHRNRE-----KHLMYLLEHLHPF-LQRQ 
mB4GalT4_NP_062778.2              --------------------------PEECKALQ---------------------------------------------------RVAILIPHRNRE-----KHLIYLLEHLHPF-LQRQ 
hB4GalT3_NP_003770.1              --------------------------PAGCEPRS---------------------------------------------------RTAIIVPHRARE-----HHLRLLLYHLHPF-LQRQ 
mB4GalT3_NP_065604.2              --------------------------PAGCEPRS---------------------------------------------------RTAIIVPHRARE-----HHLRLLLYHLHPF-LQRQ 
ckGalT1_AAB05217.1                --------------------------PPDCLPRQ---------------------------------------------------KVAILIPFRHRE-----HHLKYWLHYLHPI-LRRQ 
hB4GalT2_NP_003771.1              --------------------------PPDCTPAQ---------------------------------------------------TVAVIIPFRHRE-----HHLRYWLHYLHPI-LRRQ 
DrB4GalT1_AAH80228.1              --------------------------PTKCVALQ---------------------------------------------------KVAIIIPYRNRE-----EHLKYWLYYLHPI-LKRQ 
ckGalT-CKII_AAB05218.1            --------------------------PKDCKALQ---------------------------------------------------KVAIIIPFRNRE-----EHLKYWLYYMHPI-LQRQ 
bB4GalT1_NP_803478.1              --------------------------PMDCISPH---------------------------------------------------KVAIIILFRNRQ-----EHLKYWLYYLHPM-VQRQ 
hB4GalT1_NP_001488.2              --------------------------PRDCVSPH---------------------------------------------------KVAIIIPFRNRQ-----EHLKYWLYYLHPV-LQRQ 
mB4GalT1_NP_071641.1              --------------------------PKDCVSPH---------------------------------------------------KVAIIIPFRNRQ-----EHLKYWLYYLHPI-LQRQ 
hCHSY1_NP_055733.2                EHEELDAQELAKRINQESGSLSFLSNSLKKLVPF------------------------------------QLPGSKSEHKEPKDKKINILIPLSGRF-----DMFVRFMGNFEKT-CLIP 
hCSS3(hCHSY2)_NP_787052.3         ETEELDVNSLVESINSETQSFSFISNSLKILSSF---------------------------------------QGAKEMGGHNEKKVHILVPLIGRY-----DIFLRFMENFENM-CLIP 
Dmel_CG9220_NP_996440.2           EVDEDFYNVTLQQSLLGSLFQNGMARLSSHFTMP------------------------------------------SGLLSPTQDKIVFVLPIAGRL-----GTFERFLRTYERV-CVRG 
XP_012545235.1                    ELPMGDPPPFEDPAILEKTENGLY--PNDYEDFDESSAQQSSFLDFGKLKVKEALETGLQKIQNNLPKVLKWNSDDSEEYPVYDRKIHFVLPLSGRQ-----ETFGRFMKNYEDI-VLKS 
XP_026741443.1                    ELPMGDPPPFEDPDILDKDEV-----NAISVDYEDFDESRQQQDSFLDKLNVREALESGLMKLQNLPKVLSWNNDDAEEYSVYDRRIHFIMPLSGRQ-----ETFGRFMRNYEDI-VLKT 
hB4GALNT3_NP_775864.3             EARNLQGLVWDPHNRRRQVLNTRAQEPKLCWPQG--------------------------------------------FSWSHRAVVHFVVPVKNQA-----RWVQQFIKDMENLFQVTG 
hB4GALNT4_NP_848632.2             PEPAPAASVRPDGR------------PELCRPLR--------------------------------------------LAWRQDVMVHFIVPVKNQA-----RWVAQFLADMAALHARTG 
Dmel_CG12913_NP_610567.1          -------LVMRPFA------------PLQTVQLS---------------------------------ELSSSVDNSGAPPSHSPPIIHVILPLAGRL-----HSFRGFLQMFAKL----E 
hCSGalNAcT2_NP_061060.3           -------TLFRPFG------------PLMKVKSE--------------------------------------------MIDITRSIINIIVPLAERT-----EAFVQFMQNFRDV-CIHQ 
hCSGalNAcT1_NP_060841.5           -------ILFRPFG------------PIMKVKNE--------------------------------------------KLNMANTLINVIVPLAKRV-----DKFRQFMQNFREM-CIEQ 
                                                                                                                          .::                              
 
hCSS2_NP_078812.2                 DAAAALTLLLLYEPRQAQRVAHADVFAPVKAHVAELERRFPGARVPWLSVQTAAPSPLRLMDLLSKKHPL-------DTLFLLAGPDTV-LTPDFLNRCRMHAISGWQAFFPMHFQAFHP 
hCHSY3(hCSGlcAT)_NP_061888.1      REHALLTLLLVYG-PREGGRGAPDPFLGVKAAAAELERRYPGTRLAWLAVRAEAPSQVRLMDVVSKKHPV--------DTLFFLTTVWTRPGPEVLNRCRMNAISGWQAFFPVHFQEFNP 
XP_026726307.1                    QLDYQIFVIVQSN-------------------------------------TSQPYNRGKLLNVGFTEATRYRKSG--WQCIILHEPHIVPMDSRNLYRCS-WF-PKQL------------ 
XP_004926306.3                    QLEYRIFVIEQAN-------------------------------------GNHPYNQGKLMNAGYTEVHRRRSGRYRFNCLIFHEPHIVPIDTRNLYRCS-RF-PRLL------------ 
hB4GalT7_NP_009186.1              KIRHHIYVLNQVD--------------------------------------HFRFNRAALINVGFLESSN----S--TDYIAMHDVDLLPLNEELDYGFP-EAGPFHV------------ 
DmGalT7_NP_651319.2               GVAHHIFVLNQVD--------------------------------------RFRFNRASLINVGFQFASD----V--YDYIAMHDVDLLPLNDNLLYEYPSSLGPLHI------------ 
XP_026729552.1                    KIPFHIFIVQQKD--------------------------------------NNRFNRASLINVGFIYTKK----D--YDYIAMHDVDLLPMNDNLPYEYP-SLGPVHI------------ 
XP_004933020.1                    DIPFHIFVVQQKD--------------------------------------KNRFNRASLINVGFLKTRS----H--YEYIAMHDVDLLPLNDNLKYEYP-EKGPCHI------------ 
XP_004933019.1                    EIPFHIFVVQQKD--------------------------------------SNRFNRASLINVGFLQTRN----N--FEYMAMHDVDLLPLNDNLKYEYP-EAGPYHI------------ 
LsGlcNAcT_CAA56514.1              NVDFTIFVIEQTT--------------------------------------PETFNKGILFNAGYLEALKV--DN--YDCFILHDVDMIPIDDRNMYRCN-KMGPVHF------------ 
hB4GalT5_NP_004767.1              RLQFAFYVVEQVG--------------------------------------TQPFNRAMLFNVGFQEAMKD--LD--WDCLIFHDVDHIPESDRNYYGCG-QM-PRHF------------ 
mB4GalT5_NP_062809.2              RLQFAFYVIEQVG--------------------------------------TQPFNRAMLFNVGFQEAMKD--LD--WDCLIFHDVDHIPESDRNYYGCG-QM-PRHF------------ 
hB4GalT6_NP_004766.2              RLEFAFYVIEQTG--------------------------------------TQPFNRAMLFNVGFKEAMKD--SV--WDCVIFHDVDHLPENDRNYYGCG-EM-PRHF------------ 
mB4GalT6_NP_062711.1              RLEFAFYVIEQTG--------------------------------------TQPFNRAMLFNVGFKEAMKD--RA--WDCVIFHDVDHLPENDRNYYGCG-EM-PRHF------------ 
rB4GalT6_NP_113928.1              RLEFAFYVIEQTG--------------------------------------TQPFNRAMLFNVGFKEAMKD--RA--WDCVIFHDVDHLPENDRNYYGCG-EM-PRHF------------ 
XP_021203993.1                    QLHYKIYLIEQED--------------------------------------KKPWNKGLLYNIGAKRAIA---EK--FPCLILHDVDLLPLDESNLYACL-NN-PRHM------------ 
XP_026746863.1                    NIHYKIYLIEQQD--------------------------------------EKLWNKGVLYNIGAKQAIR---DK--FPCLVLHDVDLLPLDAANLYACA-AL-PRHM------------ 
DmB4GalNAcTB_NP_651657.1          LIHYRIFLVEQFD--------------------------------------HKPFNRAMLFNIGAQVAAE---YG--FPCLILHDVDLLPLNSGQIYACS-ER-PRHM------------ 
XP_021205074.1                    ------------------------------------------------------------------------------------------------------------------------ 
XP_021205072.1                    RIHYRIFIIEQVD--------------------------------------SRPFNRAKLLNIGAAAAIN---AG--FPCIVLHDVDLLPLRPSNLYACT-KQ-PRHM------------ 
XP_021205073.1                    RIHYRIFIIEQVD--------------------------------------SRPFNRAKLLNIGAAAAIN---AG--FPCIVLHDVDLLPLRPSNLYACT-KQ-PRHM------------ 
XP_026730902.1                    HIHYRIYVVEQVD--------------------------------------SRPYNRAKLLNIGAVAAMK---AG--YPCLVLHDVDLLPLRPANLYACT-EQ-PRHM------------ 
XP_026730903.1                    HIHYRIYVVEQVD--------------------------------------SRPYNRAKLLNIGAVAAMK---AG--YPCLVLHDVDLLPLRPANLYACT-EQ-PRHM------------ 
XP_026730904.1                    HIHYRIYVVEQVD--------------------------------------SRPYNRAKLLNIGAVAAMK---AG--YPCLVLHDVDLLPLRPANLYACT-EQ-PRHM------------ 
DmB4GalNAcTA_NP_610946.1          RIAYRIFIVEQTN--------------------------------------GKPFNRAAMMNIGYLEALKL--YQ--WDCFIFHDVDLLPLDDRNLYNCP-RQ-PRHM------------ 
XP_004926305.1                    NLEYRIFVIEQAG--------------------------------------NQSFNRGCLFNVGFKEIFKY--NN--WQCVVFHDVDLIPLDDRILYTCP-SF-PRHM------------ 
TnB4GalNAcT_AAT11926.1            QIEYGIFIVEQEG--------------------------------------NKDFNRAKLMNVGFVESQKLVAEG--WQCFVFHDIDLLPLDTRNLYSCP-RQ-PRHM------------ 
AAT11926.1                        QIEYGIFIVEQEG--------------------------------------NKDFNRAKLMNVGFVESQKLVAEG--WQCFVFHDIDLLPLDTRNLYSCP-RQ-PRHM------------ 
XP_026736023.1                    QIEYGIFIVEQEG--------------------------------------NKDFNRAKLMNVGFVESQKLVAEG--WQCFVFHDIDLLPLDTRNLYSCP-RQ-PRHM------------ 
BmGalNAcT                         QIEYGIFIIEQEG--------------------------------------NKDFNRAKLMNVGFIESQRLEAGG--WMCFIFHDIDLLPLDTRNMYTCP-KQ-PRHM------------ 
XP_012545894.1                    QIEYGIFIIEQEG--------------------------------------NKDFNRAKLMNVGFIESQRLEAGG--WMCFIFHDIDLLPLDTRNMYTCP-KQ-PRHM------------ 
XP_012545893.1                    QIEYGIFIIEQEG--------------------------------------NKDFNRAKLMNVGFIESQRLEAGG--WMCFIFHDIDLLPLDTRNMYTCP-KQ-PRHM------------ 
XP_026735990.1                    LLEYRIFVIEQYG--------------------------------------IEQFNKGTLYNIAFLESQRF--GS--WDCLIFHDVDLIPEDERISYTCM-KY-PTHM------------ 
XP_026735967.1                    LLEYRIFVIEQYG--------------------------------------IEQFNKGTLYNIAFLESQRF--GS--WDCLIFHDVDLIPEDERISYTCM-KY-PTHM------------ 
XP_026735983.1                    LLEYRIFVIEQYG--------------------------------------IEQFNKGTLYNIAFLESQRF--GS--WDCLIFHDVDLIPEDERISYTCM-KY-PTHM------------ 
XP_026744785.1                    KLEYQIFVIEQQD--------------------------------------KGLFNKGRLLNAGFQEMMKF--NS--FHCVIFHDLDLLPLNASILYTCP-ML-PRHL------------ 
XP_026736000.1                    KLEYQIFVIEQQD--------------------------------------KGLFNKGRLLNAGFQEMMKF--NS--FHCVIFHDLDLLPLNASILYTCP-ML-PRHL------------ 
XP_026725933.1                    LLEYRIFVVEQYG--------------------------------------NEKFNKGTLYNIAFLESQRF--GS--WDCLIFHDVDLIPEDERISYSCQ-EN-PTHM------------ 
XP_026744789.1                    LLEYRIFVVEQYG--------------------------------------NEKFNKGTLYNIAFLESQRF--GS--WDCLIFHDVDLIPEDERISYSCQ-EN-PTHM------------ 
XP_026744786.1                    LLEYRIFVVEQYG--------------------------------------NEKFNKGTLYNIAFLESQRF--GS--WDCLIFHDVDLIPEDERISYSCQ-EN-PTHM------------ 
XP_026744790.1                    LLEYRIFVVEQYG--------------------------------------NEKFNKGTLYNIAFLESQRF--GS--WDCLIFHDVDLIPEDERISYSCQ-EN-PTHM------------ 
XP_026744791.1                    LLDYRVFVVEQFG--------------------------------------KEKFNKGTLYNIAFLESQRF--GS--WDCLIFHDVDLIPEDERISYSCQ-EN-PTHM------------ 
XP_026735957.1                    LLDYRVFVVEQFG--------------------------------------KEKFNKGTLYNIAFLESQRF--GS--WDCLIFHDVDLIPEDERIPYSCQ-EN-PTHM------------ 
CeGalNAcT_NP_490872.1             QLDYAIFIVEQVA--------------------------------------NQTFNRGKLMNVGYDVASRL--YP--WQCFIFHDVDLLPEDDRNLYTCP-IQ-PRHM------------ 
hB4GalT4_NP_003769.1              QLDYGIYVIHQAE--------------------------------------GKKFNRAKLLNVGYLEALKE--EN--WDCFIFHDVDLVPENDFNLYKCE-EH-PKHL------------ 
mB4GalT4_NP_062778.2              QLDYGIYIIHQTG--------------------------------------SKKFNRAKLLNVGYLEALKE--EN--WDCFVFHDVDLVPENDFNLYTCG-DQ-PKHL------------ 
hB4GalT3_NP_003770.1              QLAYGIYVIHQAG--------------------------------------NGTFNRAKLLNVGVREALRD--EE--WDCLFLHDVDLLPENDHNLYVCD-PRGPRHV------------ 
mB4GalT3_NP_065604.2              QLAYGIYVIHQAG--------------------------------------NGTFNRAKLLNVGVREALRD--EE--WDCLFLHDVDLLPENDHNLYVCD-PRGPRHV------------ 
ckGalT1_AAB05217.1                KVAYGIYIINQYG--------------------------------------EDTFNRAKLLNVGFLEALKDD-EE--YDCFIFSDVDLIPMDDRNLYRCY-EQ-PRHF------------ 
hB4GalT2_NP_003771.1              RLRYGVYVINQHG--------------------------------------EDTFNRAKLLNVGFLEALK---EDAAYDCFIFSDVDLVPMDDRNLYRCG-DQ-PRHF------------ 
DrB4GalT1_AAH80228.1              LLDYGIYIIEQDG--------------------------------------ENTFNRAKLLNVGYAEALKE--YD--YDCFIFSDVDIIPMDDRNTYGCS-SQ-PRHL------------ 
ckGalT-CKII_AAB05218.1            QLDYGVYVINQDG--------------------------------------DEEFNRAKLLNVGFTEALKE--YD--YDCFVFSDVDLIPMDDRNTYKCY-SQ-PRHL------------ 
bB4GalT1_NP_803478.1              QLDYGIYVINQAG--------------------------------------ESMFNRAKLLNVGFKEALKD--YD--YNCFVFSDVDLIPMNDHNTYRCF-SQ-PRHI------------ 
hB4GalT1_NP_001488.2              QLDYGIYVINQAG--------------------------------------DTIFNRAKLLNVGFQEALKD--YD--YTCFVFSDVDLIPMNDHNAYRCF-SQ-PRHI------------ 
mB4GalT1_NP_071641.1              QLDYGIYVINQAG--------------------------------------DTMFNRAKLLNIGFQEALKD--YD--YNCFVFSDVDLIPMDDRNAYRCF-SQ-PRHI------------ 
hCHSY1_NP_055733.2                NQNVKLVVLLFNS-------DSNPDKAKQVELMRDYRIKYPKADMQILPV-SGEFSRALALEVGSSQFNN-------ESLLFFCDVDLV-FTTEFLQRCRANTVLGQQIYFPIIFSQYDP 
hCSS3(hCHSY2)_NP_787052.3         KQNVKLVIILFSR-------DSGQDSSKHIELIKGYQNKYPKAEMTLIPM-KGEFSRGLGLEMASAQFDN-------DTLLLFCDVDLI-FREDFLQRCRDNTIQGQQVYYPIIFSQYDP 
Dmel_CG9220_NP_996440.2           EQHCDLLVVIFGS---------PDELGDHLQLLHDLHARHVYQQVNWIQR-SSAFSRGVALDVAARSSYI---RQ--EDIILFIDVDMV-FEVETLQRVRMHTQRGKQVYLPIVFSQYDP 
XP_012545235.1                    SQAASLIVVAYLD-------SKHPLDYRNTELLINYYIEMYGKDIQIVKMGSNMFSRGAALTEGLKLCDS-------DDLVFFIDVDMM-FNHESLRRIRINTIKYNQVYFPIVFSEYNP 
XP_026741443.1                    NEAVSLIVVVYLDT-------TSPLDYKNTENLINYYIDLYGKPIKMVQMGTETFSRGAALTEGLRLCSG-------DDLVFFIDVDMM-FNFDTLRRIRIHTIKYHQVYFPVVFSQYNN 
hB4GALNT3_NP_775864.3             DPHFNIVITDYSSEDMDVEMALKRSKLRSYQYVKL----------------SGNFERSAGLQAGIDLVKD----P--HSIIFLCDLHIH-FPAGVIDAIRKHCVEGKMAF---------- 
hB4GALNT4_NP_848632.2             DSRFSVVLVDFESEDMDVERALRAARLPRYQYLRR----------------TGNFERSAGLQAGVDAVED---AS---SIVFLCDLHIH-FPPNILDGIRKHCVEGRLAF---------- 
Dmel_CG12913_NP_610567.1          DRRLELIVVYFGT-----------------SGLEQARSLAGRSQRTQFLALNETFSRAKALRLGAEHIQPA--EE--DVLLFMCDVDIM-FTTKFLERCRWNAAPGKKVYYPVVFSLYNP 
hCSGalNAcT2_NP_061060.3           DKKIHLTVVYFGK----------EGLSKVKSILESVTSESNFHNYTLVSL-NEEFNRGRGLNVGARAWDK---GE---VLMFFCDVDIY-FSAEFLNSCRLNAEPGKKVFYPVVFSLYNP 
hCSGalNAcT1_NP_060841.5           DGRVHLTVVYFGK----------EEINEVKGILENTSKAANFRNFTFIQL-NGEFSRGKGLDVGARFWK----GS--NVLLFFCDVDIY-FTSEFLNTCRLNTQPGKKVFYPVLFSQYNP 
                                                                                                                                                           
 
 



hCSS2_NP_078812.2                 AV--------------------------------APPQGPGPPELG----RD----TGRFDRQAA-SEACFYNSDYV--AARGRL-AAASE----QEEELLESL---------------- 
hCHSY3(hCSGlcAT)_NP_061888.1      ALSPQRSPPG------------------------PPGAGPDPPSPPGADPSRGAPIGGRFDRQAS-AEGCFYNADYL--AARARLAGELAG---QEEEEALEGL---------------- 
XP_026726307.1                    ----------------------------------ATSVER----PV---KAS-------YVPLLG-GAIAMTSEQFL--KVNGFS-NAYWD-NDADYYDLYHRI---------------- 
XP_004926306.3                    ----------------------------------SSVLEK----PD---KSI-------KNLKFG-NAVAISMEQFI--RVNGFS-NIYWD-NDRYYEDLFNRL---------------- 
hB4GalT7_NP_009186.1              ----------------------------------ASPELH----PL---YH--------YKTYVG-GILLLSKQHYR--LCNGMS-NRFWG-WGREDDEFYRRI---------------- 
DmGalT7_NP_651319.2               ----------------------------------AGPKLH----PK---YH--------YDNFVG-GILLVRREHFK--QMNGMS-NQYWG-WGLEDDEFFVRI---------------- 
XP_026729552.1                    ----------------------------------SSPQTH----PK---YH--------YDTFIG-GILLVKREHYE--MVNGMS-NNYWG-WGLEDDEFYVRL---------------- 
XP_004933020.1                    ----------------------------------PSPETH----PK---YS--------YKYYAG-GIVLVTREHYE--LVNGMS-NQYWG-WGMEDDEFYVRL---------------- 
XP_004933019.1                    ----------------------------------SSPDTH----PR---YY--------YKTFIG-GILLIKREHYE--LVNGMS-NNYWG-WGLEDDEFYVRL---------------- 
LsGlcNAcT_CAA56514.1              ----------------------------------SPGVNK----FK---YKL----F--YSGLFG-GVVGFTREQFR--LINGAS-NLYFG-WGGEDDDLRNRA---------------- 
hB4GalT5_NP_004767.1              ----------------------------------ATKLDK----YM---YLL----P--YTEFFG-GVSGLTVEQFR--KINGFP-NAFWG-WGGEDDDLWNRV---------------- 
mB4GalT5_NP_062809.2              ----------------------------------ATKLDK----YM---YLL----P--YTEFFG-GVSGLTVEQFR--KINGFP-NAFWG-WGGEDDDLWNRV---------------- 
hB4GalT6_NP_004766.2              ----------------------------------AAKLDK----YM---YIL----P--YKEFFG-GVSGLTVEQFR--KINGFP-NAFWG-WGGEDDDLWNRV---------------- 
mB4GalT6_NP_062711.1              ----------------------------------AAKLDK----YM---YIL----P--YKEFFG-GVSGLTVEQFR--KINGFP-NAFWG-WGGEDDDLWNRV---------------- 
rB4GalT6_NP_113928.1              ----------------------------------AAKLDK----YM---YIL----P--YKEFFG-GVSGLTVEQFR--KINGFP-NAFWG-WGGEDDDLWNRV---------------- 
XP_021203993.1                    ----------------------------------SASIDK----FR---YVL----T--YDYLVG-GVLAITADQFV--KVNGFS-NRFEG-WGGEDDDFYERL---------------- 
XP_026746863.1                    ----------------------------------SASIDK----FR---FVL----P--YDYLVG-GVLAITADQYV--AVDGFS-NRFEA-WGGEDDDFSARL---------------- 
DmB4GalNAcTB_NP_651657.1          ----------------------------------SSALDH----WR---FRL----P--YRGLFG-GVVAINTAQYQ--QINGMS-NLYYG-WGGEDDDLYERL---------------- 
XP_021205074.1                    -------------------------------------------------FVL----P--YLTLFG-GVISIRTSQYK--MVNGMS-NEYFG-WGPEDDDLYSRL---------------- 
XP_021205072.1                    ----------------------------------SSSINK----FR---FVL----P--YLTLFG-GVISIRTSQYK--MVNGMS-NEYFG-WGPEDDDLYSRL---------------- 
XP_021205073.1                    ----------------------------------SSSINK----FR-----------------FG------------------------------------------------------- 
XP_026730902.1                    ----------------------------------SSSINK----FR---FVL----P--YLNLFG-GAIAIVSKQFK--QINGMS-NEYFG-WEGEDDDLYSRL---------------- 
XP_026730903.1                    ----------------------------------SSSINK----FR---FVL----P--YLNLFG-GAIAIVSKQFK--QINGMS-NEYFG-WEGEDDDLYSRL---------------- 
XP_026730904.1                    ----------------------------------SSSINK----FR---FVL----P--YLNLFG-GAIAIVSKQFK--QINGMS-NEYFG-WEGEDDDLYSRL---------------- 
DmB4GalNAcTA_NP_610946.1          ----------------------------------SVAIDT----LN---FRL----P--YRSIFG-GVSAMTREHFQ--AVNGFS-NSFFG-WGGEDDDMSNRL---------------- 
XP_004926305.1                    ----------------------------------CGTVVQ----KENLPYYK-------YHTLFG-GVSSMSVRHFE--AVNGFA-NVYWG-WGGEDNDLFWRI---------------- 
TnB4GalNAcT_AAT11926.1            ----------------------------------SASIDK----LH---FKL----P--YEDIFG-GVSAMTLEQFT--RVNGFS-NKYWG-WGGEDDDMSYRL---------------- 
AAT11926.1                        ----------------------------------SASIDK----LH---FKL----P--YEDIFG-GVSAMTLEQFT--RVNGFS-NKYWG-WGGEDDDMSYRL---------------- 
XP_026736023.1                    ----------------------------------SASIDK----LH---FKL----P--YEDIFG-GVSAMTLEQFT--RVNGFS-NKYWG-WGGEDDDMSYRL---------------- 
BmGalNAcT                         ----------------------------------SASIDK----LN---FKL----P--YEDIFG-GVSALTLEQFI--NVNGFS-NKYWG-WGGEDDDMFYRL---------------- 
XP_012545894.1                    ----------------------------------SASIDK----LN---FKL----P--YEDIFG-GVSALTLEQFI--NVNGFS-NKYWG-WGGEDDDMFYRL---------------- 
XP_012545893.1                    ----------------------------------SASIDK----LN---FKL----P--YEDIFG-GVSALTLEQFI--NVNGFS-NKYWG-WGGEDDDMFYRL---------------- 
XP_026735990.1                    ----------------------------------SPSVES----QN---Y----------------------------------------------------KL---------------- 
XP_026735967.1                    ----------------------------------SPSVES----QN---YNL----A--YETLFG-GVTSLMPDQYI--AVNGYS-NFYWS-WGAEDDDMYIRL---------------- 
XP_026735983.1                    ----------------------------------SPSVES----QN---YNL----A--YETLFG-GVTSLMPDQYI--AVNGYS-NFYWS-WGAEDDDMYIRL---------------- 
XP_026744785.1                    ----------------------------------CAKVDDTVLRRE---YNM----TFKFKSIFG-GVVAMTVEQFQ--RANGYS-NLYFG-WGGEDNDMFWRL---------------- 
XP_026736000.1                    ----------------------------------CAKVDDTVLRRE---YNM----TFKFKSIFG-GVVAMTVEQFQ--RANGYS-NLYFG-WGGEDNDMFWRL---------------- 
XP_026725933.1                    ----------------------------------SPAVES----FG---YKL----P--YRLIFG-GVTSLTPEQYR--AVNGYS-NFYWN-WGAEDDDFYYRL---------------- 
XP_026744789.1                    ----------------------------------SPAVES----FG---YKL----P--YRLIFG-GVTSLTPEQYR--AVNGYS-NFYWN-WGAEDDDFYYRL---------------- 
XP_026744786.1                    ----------------------------------SPAVES----FG---YKL----P--YRLIFG-GVTSLTPEQYR--AVNGYS-NFYWN-WGAEDDDFYYRL---------------- 
XP_026744790.1                    ----------------------------------SPAVES----FG-------------YKLIFG-GVTSLTPEQYR--AVNGYS-NFYWN-WGAEDDDFYYRL---------------- 
XP_026744791.1                    ----------------------------------AAAVES----FG---YKL----P--YSKIFG-GVTSLTPAQYE--AVNGYS-NFYWN-WGGEDDDVRGRI---------------- 
XP_026735957.1                    ----------------------------------AAAVES----FG---YKL----P--YSKIFG-GVTSLTPAQYE--AVNGYS-NFYWN-WGGEDDDVRGRI---------------- 
CeGalNAcT_NP_490872.1             ----------------------------------SVAIDK----FN---YKL----P--YSAIFG-GISALTKDHLK--KINGFS-NDFWG-WGGEDDDLATRT---------------- 
hB4GalT4_NP_003769.1              ----------------------------------VVGRNS----TG---YRL----R--YSGYFG-GVTALSREQFF--KVNGFS-NNYWG-WGGEDDDLRLRV---------------- 
mB4GalT4_NP_062778.2              ----------------------------------VVGRNS----TG---YRL----R--YSKYFG-GVTALSREQFL--KVNGFS-NNYWG-WGGEDDDLRLRV---------------- 
hB4GalT3_NP_003770.1              ----------------------------------AVAMNK----FG---YSL----P--YPQYFG-GVSALTPDQYL--KMNGFP-NEYWG-WGGEDDDIATRV---------------- 
mB4GalT3_NP_065604.2              ----------------------------------AVAMNK----FG---YSL----P--YPQYFG-GVSALTPDQYL--KMNGFP-NEYWG-WGGEDDDIATRV---------------- 
ckGalT1_AAB05217.1                ----------------------------------AVGMDK----FG---FRL----P--YAGYFG-GVSGLSKSQFL--KINGFP-NEYWG-WGGEDDDIFNRI---------------- 
hB4GalT2_NP_003771.1              ----------------------------------AIAMDK----FG---FRL----P--YAGYFG-GVSGLSKAQFL--RINGFP-NEYWG-WGGEDDDIFNRI---------------- 
DrB4GalT1_AAH80228.1              ----------------------------------SVSMDK----FG---FRL----P--YKQYFG-GVSAMSKKQYE--KINGFP-NNYWG-WGGEDDDIFNRL---------------- 
ckGalT-CKII_AAB05218.1            ----------------------------------SVSMDK----FG---FRL----P--YNQYFG-GVSALSKEQFT--KINGFP-NNYWG-WGGEDDDIYNRL---------------- 
bB4GalT1_NP_803478.1              ----------------------------------SVAMDK----FG---FSL----P--YVQYFG-GVSALSKQQFL--SINGFP-NNYWG-WGGEDDDIYNRL---------------- 
hB4GalT1_NP_001488.2              ----------------------------------SVAMDK----FG---FSL----P--YVQYFG-GVSALSKQQFL--TINGFP-NNYWG-WGGEDDDIFNRL---------------- 
mB4GalT1_NP_071641.1              ----------------------------------SVAMDK----FG---FSL----P--YVQYFG-GVSALSKQQFL--AINGFP-NNYWG-WGGEDDDIFNRL---------------- 
hCHSY1_NP_055733.2                KIVYSGK---------------------------VPSDNH----FA---FTQ----KTGFWRNYGFGITCIYKGDLV--RVGGFD-VSIQG-WGLEDVDLFNKV---------------- 
hCSS3(hCHSY2)_NP_787052.3         KVTNGGN---------------------------PPTDDY----FI---FSK----KTGFWRDYGYGITCIYKSDLL--GAGGFD-TSIQG-WGLEDVDLYNKV---------------- 
Dmel_CG9220_NP_996440.2           QRRSGD----------------------------AGGSEDEGETPR---IDD----ERGYFRQFGFGICAIYKSDILDEDINGFD-KDITG-WGLEDVKFLEKIVRVGTRQRGFLANTAE 
XP_012545235.1                    DVVNGDDYNKVKGETLFVDTELEKFIDDEE----TVRTDRELANLK---YSREITDDTGYFRQYGFGILAIYKRDFE--RIGGFD-LNIKG-WGLEDVQLFETL---------------- 
XP_026741443.1                    EVVNSDDYNKLINDTPEEVQDMDDMEENEEPVEEEVKTERELINLK---YTKEIGNDFGYFRQYGFGILGIYKCDFE--RVGGFD-LKIKG-WGMEDVQMFETL---------------- 
hB4GALNT3_NP_775864.3             ----------------------------------APMVMRLHCGAT---PQW----PEGYWEVNGFGLLGIYKSDLD--RIGGMNTKEFRDRWGGEDWELLDRI---------------- 
hB4GALNT4_NP_848632.2             ----------------------------------APVVMRLSCGSS---PRD----PHGYWEVNGFGLFGIYKSDFD--RVGGMNTEEFRDQWGGEDWELLDRV---------------- 
Dmel_CG12913_NP_610567.1          HVVYSLQGKPL-----------------------PSEEEQ----LV---ISR----DTGFWRDFGYGMTCQYRSNFL--KVRGFDEEEIVG-WGGEDVMLYRKY---------------- 
hCSGalNAcT2_NP_061060.3           AIVYANQEV-------------------------PPPVEQ---QLV---HKK----DSGFWRDFGFGMTCQYRSDFL--TIGGFD-MEVKG-WGGEDVHLYRKY---------------- 
hCSGalNAcT1_NP_060841.5           GIIYGHHDA-------------------------VPPLEQ---QLV---IKK----ETGFWRDFGFGMTCQYRSDFI--NIGGFD-LDIKG-WGGEDVHLYRKY---------------- 
                                                                                                                                                           
 
hCSS2_NP_078812.2                 ---DVYELFLHFSSLHVLR--AVEPALLQRYRA--------------------------------------------------QTCSARLSEDLYH----RCLQSVLEGLGSRTQLAMLL 
hCHSY3(hCSGlcAT)_NP_061888.1      ---EVMDVFLRFSGLHLFR--AVEPGLVQKFSL--------------------------------------------------RDCSPRLSEELYH----RCRLSNLEGLGGRAQLAMAL 
XP_026726307.1                    ---NF-------TNYYVENS-FPLVGRFKTLRK---------------------------------------------------GLALWHK------SEYLTTPPPLYLLDGLTSLSYTV 
XP_004926306.3                    ---KN-------ANYSIVRS-NPLIGKYVQVKQ--------------------------------------------------FEVPVFNQ------SELAVTSSPLNLIDGLTTVKYKV 
hB4GalT7_NP_009186.1              ---KG-------AGLQLFRPSGITTGYK-TFRH--------------------------------------------------LHDPAWRKRDQKRIAAQKQEQFKVDREGGLNTVKYHV 
DmGalT7_NP_651319.2               ---RD-------AGLQVTRPQNIKTGTNDTFSH--------------------------------------------------IHNRYHRKRDTQKCFNQKEMTRKRDHKTGLDNVKYKI 
XP_026729552.1                    ---KD-------ANLSVIRPNNITTGTDNTFRH--------------------------------------------------IHDKTYRRRDMRKCFNQREVTRRRDRLTGLHDVAYKL 
XP_004933020.1                    ---KD-------AGLTFNRPSNITTGRKNTFRH--------------------------------------------------IHDDAYRVRDKRRCYNQLEMTRRRDRRTGLHDVAHRV 
XP_004933019.1                    ---KD-------AGLTVTRPSNITTGRENTFRH--------------------------------------------------MHDKTYRKRDMRKCYNQREVTRRRDRRTGLHDVAHRV 
LsGlcNAcT_CAA56514.1              ---VH-------MKLPLLRK-TLAHGLYDMVSHVEAGWNVNPHSKGAHSLYDMLNKALGVQAGWNVHPNSKWPLRLFDSVNHAPAEGAGWNVNPDR-FKIYSTSRQRQHVDGINSLVYNV 
hB4GalT5_NP_004767.1              ---QN-------AGYSVSRP-EGDTGKYKSIPH--------------------------------------------------HH--RGEVQFLGR-YALLRKSKERQGLDGLNNLNYFA 
mB4GalT5_NP_062809.2              ---QN-------AGYSVSRP-EGDTGKYKSIPH--------------------------------------------------HH--RGEVQFLGR-YALLRKSKERQGLDGLNNLNYSA 
hB4GalT6_NP_004766.2              ---HY-------AGYNVTRP-EGDLGKYKSIPH--------------------------------------------------HH--RGEVQFLGR-YKLLRYSKERQYIDGLNNLIYRP 
mB4GalT6_NP_062711.1              ---HY-------AGYNVTRP-EGDLGKYISIPH--------------------------------------------------HH--RGEVQFLGR-YKLLRYSKERQYIDGLNNLLYTP 
rB4GalT6_NP_113928.1              ---HY-------SGYNVTRP-EGDLGKYTSIPH--------------------------------------------------HH--RGEVQFLGR-YKLLRYSKERQFIDGLNNLLYTP 
XP_021203993.1                    ---SA-------HGFNVVRF-PPRMSRYTMLVH--------------------------------------------------PQEPKNSR----R-HQIMAENLHTKSHDGYDSVHYQT 
XP_026746863.1                    ---SA-------HKLDIVRF-PREMSRYTMLVH--------------------------------------------------RQEPKNTQ----R-KRILSENRRLGDKDGLSSLPYHN 
DmB4GalNAcTB_NP_651657.1          ---QA-------LNIDICRF-AMEFSKYTMLKH--------------------------------------------------KQEQPNAN----R-VALLRSATLRQHADGLNSLVYTE 
XP_021205074.1                    ---RA-------CNFKICRF-GPEISQYHMFSH--------------------------------------------------KLQRKGKL----R-SDLLSFARKRMAADGLSSLHYLE 
XP_021205072.1                    ---RA-------CNFKICRF-GPEISQYHMFSH--------------------------------------------------KLQRKGKL----R-SDLLSFARKRMAADGLSSLHYLE 
XP_021205073.1                    ----------------------PEISQYHMFSH--------------------------------------------------KLQRKGKL----R-SDLLSFARKRMAADGLSSLHYLE 
XP_026730902.1                    ---EA-------NDLKLCRF-EPEISRYHLASH--------------------------------------------------TPVKKLDM----G-KKAGSFTKEKMAADGLSSLQYTE 
XP_026730903.1                    ---EA-------NDLKLCRF-EPEISRYHLASH--------------------------------------------------TPVKKLDM----G-KKAGSFTKEKMAADGLSSLQYTE 
XP_026730904.1                    ---EA-------NDLKLCRF-EPEISRYHLASH--------------------------------------------------TPVKKLDM----G-KKAGSFTKEKMAADGLSSLQYTE 
DmB4GalNAcTA_NP_610946.1          ---KH-------ANLFISRY-PVNIARYKMLKH--------------------------------------------------QKEKANPK----R-YENLQNGMSKIEQDGINSIKYSI 
XP_004926305.1                    ---HA-------AKLPYCEI-QQDFGTLHVASA--------------------------------------------------HQAARKSK---------QISTFKQWS----------- 
TnB4GalNAcT_AAT11926.1            ---KK-------INYHIARY-KMSIARYAMLDH--------------------------------------------------KKSTPNPK----R-YQLLSQTSKTFQKDGLSTLEYEL 
AAT11926.1                        ---KK-------INYHIARY-KMSIARYAMLDH--------------------------------------------------KKSTPNPK----R-YQLLSQTSKTFQKDGLSTLEYEL 
XP_026736023.1                    ---KK-------INYHIARY-KMSIARYAMLDH--------------------------------------------------KKSTPNPK----R-YQLLSQTSKTFQKDGLSTLEYEL 
BmGalNAcT                         ---KK-------MNYYISRY-KMSIARYAMLDH--------------------------------------------------KKSVPNPK----R-YQLLSQTSKTYQQDGLSTLEYEL 
XP_012545894.1                    ---KK-------MNYYISRY-KMSIARYAMLDH--------------------------------------------------KKSVPNPK----R-YQLLSQTSKTYQQDGLSTLEYEL 
XP_012545893.1                    ---KK-------MNYYISRY-KMSIARYAMLDH--------------------------------------------------KKSVPNPK----R-YQLLSQTSKTYQQDGLSTLEYEL 
XP_026735990.1                    ---QS-------AKLPMLRY-NSTIARFATLPH--------------------------------------------------ERNRAGKD----R-YFFLDYSKLRYQVEGLRSTKYKL 
XP_026735967.1                    ---QS-------AKLPMLRY-NSTIARFATLPH--------------------------------------------------ERNRAGKD----R-YFFLDYSKLRYQVEGLRSTKYKL 
XP_026735983.1                    ---QS-------AKLPMLRY-NSTIARFATLPH--------------------------------------------------ERNRAGKD----R-YFFLDYSKLRYQVEGLRSTKYKL 
XP_026744785.1                    ---RA-------AGYPIVRY-SKKVGVYEVLPH--------------------------------------------------DREPENLF----R-FHLLSRAMERYKTDGLGDSEYYV 
XP_026736000.1                    ---RA-------AGYPIVRY-SKKVGVYEVLPH--------------------------------------------------DREPENLF----R-FHLLSRAMERYKTDGLGDSEYYV 
XP_026725933.1                    ---QL-------KNYTVARY-DSSIARYASLPH--------------------------------------------------KHSTIGNE----R-TLLLMLSKLRARKEGLISTKYNL 
XP_026744789.1                    ---QL-------KNYTVARY-DSSIARYASLPH--------------------------------------------------KHSTIGNE----R-TLLLMLSKLRARKEGLISTKYNL 
XP_026744786.1                    ---QL-------KNYTVARY-DSSIARYASLPH--------------------------------------------------KHSTIGNERYLTR-TLLLMLSKLRARKEGLISTKYNL 
XP_026744790.1                    ---QL-------KNYTVARY-DSSIARYASLPH--------------------------------------------------KHSTIGNERYLTR-TLLLMLSKLRARKEGLISTKYNL 
XP_026744791.1                    ---LA-------KNITISRY-DPSIARYATLPH--------------------------------------------------PYNECGRE----R-ILFLLLSRLRYHKEGLSTTQYKI 
XP_026735957.1                    ---LA-------KNITISRY-DPSIARYATLPH--------------------------------------------------PYNECGRE----R-ILFLLLSRLRYHKEGLSTTQYKI 
CeGalNAcT_NP_490872.1             ---SM-------AGLKVSRY-PTQIARYKMIKH--------------------------------------------------STEATNPV-NKCR-YKIMGQTKRRWTRDGLSNLKYKL 
hB4GalT4_NP_003769.1              ---EL-------QRMKISRP-LPEVGKYTMVFH--------------------------------------------------TRDKGNEV-NAER-MKLLHQVSRVWRTDGLSSCSYKL 
mB4GalT4_NP_062778.2              ---EL-------HKMKISRP-KPDVGKYTMIFH--------------------------------------------------TRDKGNEV-NMGR-MKLLQQMSRVWKTDGLSSCSYRL 
hB4GalT3_NP_003770.1              ---RL-------AGMKISRP-PTSVGHYKMVKH---------------------------------------------------RGDKGNEENPHR-FDLLVRTQNSWTQDGMNSLTYQL 
mB4GalT3_NP_065604.2              ---RL-------AGMKISRP-PTSVGHYKMVKH---------------------------------------------------RGDKGNEENPHR-FDLLVRTQNSWTQDGMNSLTYRL 
ckGalT1_AAB05217.1                ---SL-------NGMKVSRP-DIRMGRYRMIKH--------------------------------------------------ERDKHNEP-NPQR-FTKIQNTKMTMKRDGISSLQYRL 
hB4GalT2_NP_003771.1              ---SL-------TGMKISRP-DIRIGRYRMIKH--------------------------------------------------DRDKHNEP-NPQR-FTKIQNTKLTMKRDGIGSVRYQV 
DrB4GalT1_AAH80228.1              ---SI-------RGMRISRP-SAEIGKCKMIRH--------------------------------------------------GKKKKKKK----K------------------------ 
ckGalT-CKII_AAB05218.1            ---VF-------KGMGISRP-DAVIGKCRMIRH--------------------------------------------------SRDRKNEP-NPER-FDRIAHTRETMSSDGLNSLSYEV 
bB4GalT1_NP_803478.1              ---AF-------RGMSVSRP-NAVIGKCRMIRH--------------------------------------------------SRDKKNEP-NPQR-FDRIAHTKETMLSDGLNSLTYMV 
hB4GalT1_NP_001488.2              ---VF-------RGMSISRP-NAVVGRCRMIRH--------------------------------------------------SRDKKNEP-NPQR-FDRIAHTKETMLSDGLNSLTYQV 
mB4GalT1_NP_071641.1              ---VH-------KGMSISRP-NAVVGRCRMIRH--------------------------------------------------SRDKKNEP-NPQR-FDRIAHTKETMRFDGLNSLTYKV 
hCHSY1_NP_055733.2                ---VQ-------AGLKTFR--SQEVGVVHVHHP--------------------------------------------------VFCDPNLDPKQYK----MCLGSKASTYGSTQQLAEMW 
hCSS3(hCHSY2)_NP_787052.3         ---IL-------SGLRPFR--SQEVGVVHIFHP--------------------------------------------------VHCDPNLDPKQYK----MCLGSKASTFASTMQLAELW 
Dmel_CG9220_NP_996440.2           LAMDYNEAAEQWRRLSVFR--APDPTLVHIYHD--------------------------------------------------ISCDVQLDAPQYN----MCLGTKANSL-GSTRLMEQL 
XP_012545235.1                    ---IK-------SNLTVYR--IADETLVHIFHS--------------------------------------------------VDCDKNLEKSQFK----MCLGTKASTYGSEKHMAYYM 
XP_026741443.1                    ---IK-------SNLSVFR--AADDSLVHIFHA--------------------------------------------------VNCDKNLE----RSQFLMCLGTKASTYGSEKQMIYYM 
hB4GALNT3_NP_775864.3             ---LQ-------AGLDVER-----LSLRNFFHH--------------------------------------------------FHSKRG-----------------------------MW 
hB4GALNT4_NP_848632.2             ---LQ-------AGLEVER-----LRLRNFYHH--------------------------------------------------YHSKRGM----------WSVRSRKGSRTGAS------ 
Dmel_CG12913_NP_610567.1          ---VR-------SKIKIIR--ATDPGIFHRWHT--------------------------------------------------KICSSSLTADQYR----ACIRSRALNEASHAQLGFLA 
hCSGalNAcT2_NP_061060.3           ---LH-------GDLIVIR--TPVPGLFHLWHE--------------------------------------------------KRCADELTPEQYR----MCIQSKAMNEASHSHLGMLV 
hCSGalNAcT1_NP_060841.5           ---LH-------SNLIVVR--TPVRGLFHLWHE--------------------------------------------------KRCMDELTPEQYK----MCMQSKAMNEASHGQLGMLV 
                                                                                                                                                           
 
 



hCSS2_NP_078812.2                 FEQEQGNST--------------------------------------------------------------------------------------------------------------- 
hCHSY3(hCSGlcAT)_NP_061888.1      FEQEQANST--------------------------------------------------------------------------------------------------------------- 
XP_026726307.1                    DVFELKRL----YTYVQVNIDGITGKESKIKLYNKLLNPVTTNKTAEQLK---------------------------------------------------------------------- 
XP_004926306.3                    NDFELKYI----FTYINISLEDDFASTMEYPKVNST------------------------------------------------------------------------------------ 
hB4GalT7_NP_009186.1              ASRTALSVGGAPCTVLNIMLDCDKTATPWCTFS--------------------------------------------------------------------------------------- 
DmGalT7_NP_651319.2               LKVHEMLIDQVPVTILNILLDCDVNKTPWCDCSGTAAAASAVQT---------------------------------------------------------------------------- 
XP_026729552.1                    HTTHTVAVDGLNVTVLNVELTCDKSKTPWCQCPDPPKEPVKKS----------------------------------------------------------------------------- 
XP_004933020.1                    LSLHSLTIDGLPLTVLNVELICDRNATPWCQCPETREPEMPFTSNYENHVFHEFNVCYKNK----------------------------------------------------------- 
XP_004933019.1                    LSLHTLTIDGLPLTVLNVELICDRNATPWCQCPEPPKPKKT------------------------------------------------------------------------------- 
LsGlcNAcT_CAA56514.1              TWYRTSPL----YTWVGVGFNKTVITNSIPEDLRIGPEADNTYLTGNFTIIS-------------------------------------------------------------------- 
hB4GalT5_NP_004767.1              -NITYDAL----YKNITVNLTPELAQVNEY------------------------------------------------------------------------------------------ 
mB4GalT5_NP_062809.2              -NVTYDAL----YKNITVNLTPELAQVTEY------------------------------------------------------------------------------------------ 
hB4GalT6_NP_004766.2              -KILVDRL----YTNISVNLMPELAPIEDY------------------------------------------------------------------------------------------ 
mB4GalT6_NP_062711.1              -KILVDRL----YTNISVNLMPELAPIEDY------------------------------------------------------------------------------------------ 
rB4GalT6_NP_113928.1              -KILVDRL----YTNISVNLMPELAPVEDY------------------------------------------------------------------------------------------ 
XP_021203993.1                    VDERQQKL----FTQLRVKL---------------------------------------------------------------------------------------------------- 
XP_026746863.1                    THVKNHRL----FTLIGVML---------------------------------------------------------------------------------------------------- 
DmB4GalNAcTB_NP_651657.1          MERRMHSL----FTHILVDT---------------------------------------------------------------------------------------------------- 
XP_021205074.1                    VATVLHPL----FTHIMVDL---------------------------------------------------------------------------------------------------- 
XP_021205072.1                    VATVLHPL----FTHIMVDL---------------------------------------------------------------------------------------------------- 
XP_021205073.1                    VATVLHPL----FTHIMVDL---------------------------------------------------------------------------------------------------- 
XP_026730902.1                    PGTRHLRY----IQGLKSYKGLTNQDSNFCKVSLR------------------------------------------------------------------------------------- 
XP_026730903.1                    VATVLHPL----FTHIMVDL---------------------------------------------------------------------------------------------------- 
XP_026730904.1                    VIP--------------------------------------------------------------------------------------------------------------------- 
DmB4GalNAcTA_NP_610946.1          YSIKQFPT----FTWYLAELKNSERKS--------------------------------------------------------------------------------------------- 
XP_004926305.1                    ------------------------------------------------------------------------------------------------------------------------ 
TnB4GalNAcT_AAT11926.1            VQVVQYHL----YTHILVNIDERS------------------------------------------------------------------------------------------------ 
AAT11926.1                        VQVVQYHL----YTHILVNIDERS------------------------------------------------------------------------------------------------ 
XP_026736023.1                    VQVVQYHL----YTHILVNIDERS------------------------------------------------------------------------------------------------ 
BmGalNAcT                         VQVVQYHL----YTHVVANIDERS------------------------------------------------------------------------------------------------ 
XP_012545894.1                    VQVVQYHL----YTHVVANIDERS------------------------------------------------------------------------------------------------ 
XP_012545893.1                    VQVVQYHL----YTHVVANIDERS------------------------------------------------------------------------------------------------ 
XP_026735990.1                    LSVVKRKL----YTHILADVNPIRMKIAMKSIMRQLAKLFGNKLSYSGAEVKEGELYHVVERKSLTRL---------------------------------------------------- 
XP_026735967.1                    LSVVKRKL----YTHILADVNPIRMKIAMKSIMRQLAKLFGNKLSYSGAEVKEGELYHVVERKSLTRL---------------------------------------------------- 
XP_026735983.1                    LSVVKRKL----YTHILADVNPIRMKIAMKSIMRQLAKLFGNKLSYSGAEVKEGELYHVVERKSLTRL---------------------------------------------------- 
XP_026744785.1                    ITTKFYHL----CTYMLVDINPRGDNIT--EINNKWANTSVNTVNYKQ------------------------------------------------------------------------ 
XP_026736000.1                    ITTKFYHL----CTYMLVDINPRGDNIT--EINNKWANTSVNTVNYKQ------------------------------------------------------------------------ 
XP_026725933.1                    VQVTKEKL----FTHILADVNPMKIDLDTKTLVQEVINLQGNTIEYGRQERELSNPTVM------------------------------------------------------------- 
XP_026744789.1                    VQVTKEKL----FTHILADVNPMKIDLDTKTLVQEVINLQGNTIEYGRQERELSNPTVM------------------------------------------------------------- 
XP_026744786.1                    VQVTKEKL----FTHILADVNPMKIDLDTKTLVQEVINLQGNTIEYGRQERELSNPTVM------------------------------------------------------------- 
XP_026744790.1                    VQVTKEKL----FTHILADVNPMKIDLDTKTLVQEVINLQGNTIEYGRQERELSNPTVM------------------------------------------------------------- 
XP_026744791.1                    IKVSEKKL----YTHIVADVNPMRIKLDTKSLMQRIIRMHGSTMTYSRQDLNLKAIAARRLHSI-------------------------------------------------------- 
XP_026735957.1                    IKVSEKKL----YTHILADVNPMRIKLDTKSLMQRIIRMHGRTMTYSRQDLNLKAIAARRLHSI-------------------------------------------------------- 
CeGalNAcT_NP_490872.1             VNLELKPL----YTRAVVDLLEKDCRREL-RRDFPTCF---------------------------------------------------------------------------------- 
hB4GalT4_NP_003769.1              VSVEHNPL----YINITVDFWFGA------------------------------------------------------------------------------------------------ 
mB4GalT4_NP_062778.2              LSVEHNPL----YANITVDFWTAA------------------------------------------------------------------------------------------------ 
hB4GalT3_NP_003770.1              LARELGPL----YTNITADIGTDPRGPRAPSGPRYPPGSSQAFRQEMLQRRPPARPGPLSTANHTALRGSH------------------------------------------------- 
mB4GalT3_NP_065604.2              LARELGPL----YTNITADIGTDPRGPRSPSGPRYPPGSSQAFRQEMLQRRPPARPGPLPTANHTAPRGSH------------------------------------------------- 
ckGalT1_AAB05217.1                VEVSRQPM----YTNITVEIGRPPPRLARG------------------------------------------------------------------------------------------ 
hB4GalT2_NP_003771.1              LEVSRQPL----FTNITVDIGRPPSWPPRG------------------------------------------------------------------------------------------ 
DrB4GalT1_AAH80228.1              ------------------------------------------------------------------------------------------------------------------------ 
ckGalT-CKII_AAB05218.1            LRTDRFPL----YTRITVDIGAPGS----------------------------------------------------------------------------------------------- 
bB4GalT1_NP_803478.1              LEVQRYPL----YTKITVDIGTPS------------------------------------------------------------------------------------------------ 
hB4GalT1_NP_001488.2              LDVQRYPL----YTQITVDIGTPS------------------------------------------------------------------------------------------------ 
mB4GalT1_NP_071641.1              LDVQRYPL----YTQITVDIGTPR------------------------------------------------------------------------------------------------ 
hCHSY1_NP_055733.2                LEKNDPS-----YSKSSNNNGSVRTA---------------------------------------------------------------------------------------------- 
hCSS3(hCHSY2)_NP_787052.3         LEKHLGVR----YNRTLS------------------------------------------------------------------------------------------------------ 
Dmel_CG9220_NP_996440.2           FHSSPENV------QFAADFNRQKQQQQQQQQAR-------------------------------------------------------------------------------------- 
XP_012545235.1                    LNHPDVLWPPQDKPEAEAEVVEEKPKEKNEKGAR-------------------------------------------------------------------------------------- 
XP_026741443.1                    LNHPDVLWPEVNEEEAAKKAEEERQAEEEKKAEEQRKLEAEKKAEEEKKAKIEAEKKAAEEKKAAEAKAEAEKKAEEERKAEEAKKAEDAKKAEEVRKSEEAKKVEEAKKAEAEKQAEAD 
hB4GALNT3_NP_775864.3             SRRQMKTL---------------------------------------------------------------------------------------------------------------- 
hB4GALNT4_NP_848632.2             ------------------------------------------------------------------------------------------------------------------------ 
Dmel_CG12913_NP_610567.1          FRDDIAAANAAKMTS--------------------------------------------------------------------------------------------------------- 
hCSGalNAcT2_NP_061060.3           FREEIETH----LHKQAYRTNSEAVG---------------------------------------------------------------------------------------------- 
hCSGalNAcT1_NP_060841.5           FRHEIEAH----LRKQKQKTSSKKT----------------------------------------------------------------------------------------------- 
                                                                                                                                                           
 
hCSS2_NP_078812.2                 ----------------- 
hCHSY3(hCSGlcAT)_NP_061888.1      ----------------- 
XP_026726307.1                    ----------------- 
XP_004926306.3                    ----------------- 
hB4GalT7_NP_009186.1              ----------------- 
DmGalT7_NP_651319.2               ----------------- 
XP_026729552.1                    ----------------- 
XP_004933020.1                    ----------------- 
XP_004933019.1                    ----------------- 
LsGlcNAcT_CAA56514.1              ----------------- 
hB4GalT5_NP_004767.1              ----------------- 
mB4GalT5_NP_062809.2              ----------------- 
hB4GalT6_NP_004766.2              ----------------- 
mB4GalT6_NP_062711.1              ----------------- 
rB4GalT6_NP_113928.1              ----------------- 
XP_021203993.1                    ----------------- 
XP_026746863.1                    ----------------- 
DmB4GalNAcTB_NP_651657.1          ----------------- 
XP_021205074.1                    ----------------- 
XP_021205072.1                    ----------------- 
XP_021205073.1                    ----------------- 
XP_026730902.1                    ----------------- 
XP_026730903.1                    ----------------- 
XP_026730904.1                    ----------------- 
DmB4GalNAcTA_NP_610946.1          ----------------- 
XP_004926305.1                    ----------------- 
TnB4GalNAcT_AAT11926.1            ----------------- 
AAT11926.1                        ----------------- 
XP_026736023.1                    ----------------- 
BmGalNAcT                         ----------------- 
XP_012545894.1                    ----------------- 
XP_012545893.1                    ----------------- 
XP_026735990.1                    ----------------- 
XP_026735967.1                    ----------------- 
XP_026735983.1                    ----------------- 
XP_026744785.1                    ----------------- 
XP_026736000.1                    ----------------- 
XP_026725933.1                    ----------------- 
XP_026744789.1                    ----------------- 
XP_026744786.1                    ----------------- 
XP_026744790.1                    ----------------- 
XP_026744791.1                    ----------------- 
XP_026735957.1                    ----------------- 
CeGalNAcT_NP_490872.1             ----------------- 
hB4GalT4_NP_003769.1              ----------------- 
mB4GalT4_NP_062778.2              ----------------- 
hB4GalT3_NP_003770.1              ----------------- 
mB4GalT3_NP_065604.2              ----------------- 
ckGalT1_AAB05217.1                ----------------- 
hB4GalT2_NP_003771.1              ----------------- 
DrB4GalT1_AAH80228.1              ----------------- 
ckGalT-CKII_AAB05218.1            ----------------- 
bB4GalT1_NP_803478.1              ----------------- 
hB4GalT1_NP_001488.2              ----------------- 
mB4GalT1_NP_071641.1              ----------------- 
hCHSY1_NP_055733.2                ----------------- 
hCSS3(hCHSY2)_NP_787052.3         ----------------- 
Dmel_CG9220_NP_996440.2           ----------------- 
XP_012545235.1                    ----------------- 
XP_026741443.1                    KKAEADKKASTEKKGAR 
hB4GALNT3_NP_775864.3             ----------------- 
hB4GALNT4_NP_848632.2             ----------------- 
Dmel_CG12913_NP_610567.1          ----------------- 
hCSGalNAcT2_NP_061060.3           ----------------- 
hCSGalNAcT1_NP_060841.5           ----------------- 
                                                    


