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Assay of nucleotide sugar transport activity (Golgi/ER transporter)
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Introduction
Nucleotide-sugar transporters (NSTs) are multimembrane-spanning proteins in the plane of the endoplasmic reticulum (ER) or Golgi membrane and are crucial for the synthesis of glycoconjugates (Figure 1) (1-4). Glycosylation is performed by various types of glycosyltransferases in the lumens of the ER and the Golgi apparatus. All glycosyltransferases require high-energy donor sugars activated by the addition of a nucleoside mono- or diphosphate (CMP, UDP or GDP), which are referred to as nucleotide sugars. Nucleotide sugars are synthesized in the cytosol (or in the nucleus in the case of CMP-sialic acid). The translocation of nucleotide sugars from the cytosol into the lumen of each compartment is mediated by NSTs. NSTs transport nucleotide sugars by coupling with the antiport of nucleoside monophosphate (NMP), which is produced because of a glycosyltransferase reaction and a subsequent luminal nucleoside diphosphatase (NDPase) reaction. NSTs are likely to be key components in the synthesis of glycoconjugates.
The nucleotide sulfate, 3'-phosphoadenosine 5'-phosphosulfate (PAPS), is a universal sulfuryl donor for sulfation. In a similar fashion to nucleotide sugars, PAPS is synthesized in the cytosol by a PAPS synthetase and is translocated from the cytosol into the Golgi lumen through a PAPS transporter (PAPST) (5, 6). Thus, PAPS transporters belong to the NST family (Figure 2).
Since the original cloning of NST, which was reported in 1996, many other NSTs have been cloned and their transport activities identified (Tables 1, 2, 3, and 4). The Hugo Nomenclature committee categorizes NSTs and PAPSTs as solute carrier transporters that do not perform active transport using energy derived from adenosine triphosphate. This group of transporters comprises the SLC35 (solute carrier 35) family of proteins (Tables 1-4). The SLC35 family is divided into five sub-groups, A-F. In addition to these NSTs, many GDP-Man transporters have been identified in plants and fungi (Table 4). Using the amino acid sequences of these transporter molecules, their phylogenetic tree was constructed (Figure 2). Given that the group of GDP-Man transporters was found near the sub-groups, SLC35C and SLC35D, therefore, we added this group as a new sub-group to the SLC35 family, although it has not been identified in humans.
There are two types of assays for NST activity: the “heterologous expression system” (2, 5-7) and the “proteoliposome system” (8). The former method uses the expression of NST in a yeast expression system because the yeast microsome normally shows only low endogenous NST activity, except for GDP-Man transporter activity.
Protocol
The yeast Saccharomyces cerevisiae is widely used for NST assays because of its low NST activities, except for GDP-mannose. Yeast expression vectors carrying cloned NST or candidate genes are used to transfect yeast, which is then grown in culture and subsequently harvested to prepare the membrane fraction. This membrane fraction is used for the assay of NST activity. The protocol comprises 1) preparation of subcellular fractionation of yeast expressing the NST of interest and 2) the NST activity assay.
Materials
1. Nucleotide sugar
2. Radio labeled nucleotide sugar (ex. UDP-[3H]GlcNAc)
3. Zymolyase (Zymolyase-100T; Seikagaku Corporation, Tokyo, Japan)
4. Protease inhibitors (Complete protease inhibitor mixture tablets; Roche, Basel, Switzerland)
5. Lithium acetate (Sigma-Aldrich, St. Louis, MO)
6. Polyethylene Glycol 4000 (Nacalai Tesque, Kyoto, Japan)
7. Synthetic defined medium (2)
8. Spheroplast buffer (1.4 M sorbitol, 50 mM of potassium phosphate, pH 7.5, 10 mM of NaN3, 40 mM of 2-mercaptoethanol, and Zymolyase 100T 1-mg/g wet cells)
9. Wash buffer (1.0 M sorbitol)
10. Lysis buffer (0.6M sorbitol, 10 mM of triethanolamine, pH 7.2, protease inhibitors)
11. Reaction mixture (20 mM of Tris-HCl, pH 7.5, 0.25 M sucrose, 5 mM of MgCl2, 1 mM of MnCl2, and 10 mM of 2-mercaptoethanol)
12. Stop buffer (20 mM of Tris-HCl, pH 7.5, 0.25 M sucrose, 150 mM of KCl, and 1 mM of MgCl2)
13. Scintillation mixture
Instruments
1. Liquid scintillation counter
2. HA filters (0.45 μm pore size, 24-mm diameter)
3. 1225 Sampling Manifold (Merck Millipore, Burlington, MA)
Methods
1. Protocol for preparation of ER or Golgi-rich membrane fraction
a. Insert cDNA of NST into the yeast expression vector YEp352GAP-II (9).
b. Transform yeast strain W303-1a (MATa, ade2-1, ura3-1, his3-11, 15, trp1-1, leu2-3, 112, and can1-100) using the lithium acetate procedure (10).
c. Incubate the transformed yeast cells at 30°C in 800 mL of synthetic defined medium that lacks uracil to select for transformants; continue culture until an OD600 of ~3.0 is achieved.
d. Collect yeast cells by centrifugation (3,000 ×g, 5 min).
e. Wash with 100 mL of ice-cold 10 mM of NaN3.
f. Suspend in 30 mL of spheroplast buffer.
g. Incubate at 30°C for 35 min.
h. Centrifuge (3,000 ×g, 5 min) and collect the pellet.
i. Wash 3 times with 100 mL of wash buffer to remove traces of zymolyase.
j. Add 20 mL of lysis buffer.
k. Homogenize using 20-40 strokes of the Dounce homogenizer.
l. Centrifuge at 1,000 ×g for 10 min and collect the supernatant.
m. Centrifuge the supernatant at 10,000 ×g for 15 min and collect the pellet as the P10 membrane fraction (ER-rich membrane fraction). Do not discard the supernatant.
n. Centrifuge the above supernatant at 100,000 ×g for 1 h, and collect the pellet as the P100 membrane fraction (Golgi-rich membrane fraction).
o. Quantify the protein contents of the fractions suspended in appropriate amounts of the reaction mixture using the conventional method.
2. Protocol for the assay of NST activity
a. Add each unlabeled nucleotide sugar to the corresponding radiolabeled nucleotide sugar to prepare each nucleotide sugar to 1,000 cpm/pmol and add it up to 10 μM to the reaction mixture at step 2b of Methods; add 1,000,000 cpm of each nucleotide sugar to 100 µL of reaction solution.
b. Suspend 240 µg of proteins of P10 or P100 membrane fraction in 100 µL of reaction mixture with radiolabeled nucleotide sugar.
c. Incubate at 30°C for 5 min.
d. Add 1 mL of ice-cold stop buffer (Note 1).
e. Filter through 0.45 μm of HA filters using 1225 Sampling Manifold (Note 1).
f. Wash with 10 mL of stop buffer (Note 1).
g. Air-dry and place in a vial with 4 mL of scintillation mixture.
h. Count using a liquid scintillation counter.
Notes
1. Perform each step quickly and in a serial order from Step 2d to Step 2f.	
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自動的に生成された説明]
Figure 1: Schematic diagram of nucleotide-sugar transporter (NST). Nucleotide sugar is synthesized in the cytosol or the nucleus. NST transports nucleotide sugars from the cytosol into the endoplasmic reticulum (ER)/Golgi lumens. Glycosyltransferases are then responsible for the transfer of sugars to acceptor substrates from the donor nucleotide sugars. Released nucleoside diphosphate (NDP) is hydrolyzed by nucleoside diphosphatase (NDPase) to form nucleoside monophosphate (NMP) and inorganic phosphate (Pi). NMP is exported in antiport with incoming nucleotide sugars. Pi exits through a phosphate transporter.
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At, Arabidopsis thaliana; Af, Aspergillus fumigatus; Bt, Bos Taurus; Ce, Caenorhabditis elegans; Ca, Candida albicans; Cgl, Candida glabrata; Cl, Canis lupus familiaris; Cg, Cricetulus griseus; Cn, Cryptococcus neoformans; Dr, Danio rerio; Dm, Drosophila melanogaster; Eh, Entamoeba histolytica; Hs, Homo sapiens; Kl, Kluyveromyces lactis; Ld, Leishmania donovani; Lm, Leishmania major; Mm, Mus musculus; Os, Oryza sativa Japonica; Pp, Pichia pastoris; Rn, Rattus norvegicus; Sc, Saccharomyces cerevisiae; Sp, Schizosaccharomyces pombe; Ss, Sus scrofa; Tg, Toxoplasma gondii; Tb, Trypanosoma brucei.
Figure 2: Phylogenetic tree of the members of the solute carrier 35 (SLC35) transporter family. The phylogenetic tree was created based on amino acid sequences using the ClustalX program. Branch length indicates evolutionary distances between members. The scale at the top represents the evolutionary distance. Human SLC35 transporters are shown in red.
Table 1: The members of nucleotide-sugar transporter (NST) family, solute carrier 35 (SLC35): Sub-group SLC35A.
	sub-group
	No.
	synonym
	substrate (human)
	subcellular localization
	gene locus (human)
	disease (human)
	cloning & identification of activity of human gene
	cloning & identification of activity of other vertebrate genes*
	cloning & identification of activity of Drosophila gene*
	cloning & identification of activity of C.elegance gene*
	cloning & identification of activity of plant gene*
	cloning & identification of activity of genes of other species*

	SLC35A
	1
	CST
	CMP-Sia
	Golgi
	6q15
	CDG IIf  
	J Biochem 124: 171-178 (1998)
	CMP-Sia: Mm SLC35A1/CST (PNAS 93: 7572-7526 (1996))
	N/A
	N/A
	N/A
	UDP-Gal: Lm LPG5A (JBC 282: 14006-14017 (2007)), UDP-Gal/GlcNAc: Tb NST1 (JBC 288: 10599-10615 (2013)), Tb NST2 (JBC 288: 10599-10615 (2013)), UDP-Gal: Lm LPG5B (JBC 282: 14006-14017(2007)), UDP-GalNAc/GlcNAc: Tg NST1 (PLoS Pathog 9: e1003331(2013)),UDP-Gal: Sp UGT (FEBS Lett 451: 295-298 (1999))                                

	　
	2
	UGT
	UDP-Gal  UDP-GalNAc
	Golgi/ER
	Xp11.23
	CDG IIm  
	J Biochem 120: 236-241 (1996)                                                                  J Biochem 120: 1074-1078 (1996)
	UDP-Gal: Mm SLC35A2 (J Biochem 126: 1107-1117 (1999)), UDP-Gal: Cg SLC35A2 (JBC 276: 26291-26300 (2001))
	UDP-Gal/GalNAc: Dm UGT (Eur J Biochem 269: 128-131 (2002))
	UDP-Gal/GalNAc/Glc/GlcNAc: Ce ZK896.9 (Biochemistry 47: 4337-4344(2008)), UDP-Gal/GlcNAc: Ce SRF-3 (JBC 279: 30440-30448(2004)) 
	N/A
	

	　
	3
	UGTrel2
	UDP-GlcNAc
	Golgi
	1p21.2
	Autism spectrum disorder, (Complex vertebral malformation: calf)
	J Biochem 126: 68-77 (1999)
	UDP-GlcNAc: Mm SLC35A3 (JBC: 294 10042-10054(2019)), UDP-GlcNAc: Cl SLC35A3 (PNAS 95: 7888-7892 (1998)), UDP-GlcNAc: Bt SLC35A3 (Genome Res. 16: 97-105 (2006)), UDP-GlcNAc: Ss SLC35A3 (Mol Membr Biol. 24: 519-30 (2007))
	
	UDP-GalNAc/GlcNAc: Ce C03H5.2 (PNAS: 103,16176-16181(2006))
	N/A
	

	　
	4
	N/A
	orphan
	Golgi
	5q31.3
	N/A
	BBA 1864:825-838 (2017) 
	N/A
	N/A
	N/A
	CMP-Sia: At 5G41760 (Carbohydrate Res:  343, 2148-2152 (2008)), CMP-Sia: Os CSTLP1 (Phytochemistry 70: 1973-1981 (2009))
	N/A

	　
	5
	N/A
	orphan
	Golgi
	3q13.2
	N/A
	Int. J. Mol. Sci. 20: 276 (2019)
	N/A
	N/A
	N/A
	N/A
	N/A


*Only the NSTs, of which substrates have already been determined, are described with references. [substrates: name of transporters (reference)] 
Abbreviation: At, Arabidopsis thaliana; Af, Aspergillus fumigatus; Bt, Bos Taurus; Ce, Caenorhabditis elegans; Ca, Candida albicans; Cgl, Candida glabrata; Cl, Canis lupus familiaris; Cg, Cricetulus griseus; Cn, Cryptococcus neoformans; Dr, Danio rerio; Do, Dendrobium officinale; Dm, Drosophila melanogaster; Eh, Entamoeba histolytica; Hs, Homo sapiens; Kl, Kluyveromyces lactis; Ld, Leishmania donovani; Lm, Leishmania major; Mm, Mus musculus; Os, Oryza sativa Japonica; Pp, Pichia pastoris; Sc, Saccharomyces cerevisiae; Sp, Schizosaccharomyces pombe; Ss, Sus scrofa; Tg, Toxoplasma gondii; Tb, Trypanosoma brucei; N/A, not applicable.
Table 2: The members of nucleotide-sugar transporter (NST) family, solute carrier 35 (SLC35): Sub-group SLC35B.
	sub-group
	No.
	synonym
	substrate (human)
	subcellular localization
	gene locus (human)
	disease (human)
	cloning & identification of activity of human gene
	cloning & identification of activity of other vertebrate genes*
	cloning & identification of activity of Drosophila gene*
	cloning & identification of activity of C.elegance gene*
	cloning & identification of activity of plant gene*
	cloning & identification of activity of genes of other species*

	SLC35B
	1
	UGTrel1
	UDP-GlcA
ATP
	ER
	17q21.33
	N/A
	UGP-GlcA: Biochem J 400: 281-289 (2006), ATP: Nature Commun. 9:3489 (2018)/ JBC 298:101537 (2022)
	N/A
	N/A
	N/A
	UDP-Glc: At UTr3 (Plant J 61: 423-435 (2010), UDP-Gal/Glc: At UTr1 (JBC 277: 32923-42929 (2002)). UDP-Gal/Glc: Os UGT4 (J Biochem 148: 35-46 (2010))  
	UDP-GlcNAc: Eh Nst3 (Mol Biochem Parasitol 159: 44-53 (2008)), UDP-Gal: Sc HUT1 (Yeast 18: 533-541 (2001)), UDP-Gal: Sp HUT (Yeast 18: 543-554 (2001))                          　　　　　　　　　

	　
	2
	PAPST1
	PAPS
	Golgi
	6p21.1
	N/A
	JBC 278: 25958-15963 (2003)
	PAPS: Cl SLC35B2 (Glycobiology 18: 53-65 (2008)), PAPS: Mm SLC35B2/PAPST1 (PLoS One 4: e8262 (2009))，PAPS: Dr SLC35B2 (PLoS  Genet 4: e1000136 (2008))
	PAPS: Dm SLL (JBC 278: 25958-15963 (2003)/ EMBO J 22: 3635-3644 (2003)) 
	PAPS: Ce M03F8.2/PST-1 (JCS 122: 4492-4504 (2009)/ JBC 285: 24717-24728 (2010))
	
	

	　
	3
	PAPST2
	PAPS
	Golgi
	6p24.3
	N/A
	JBC 281: 10945-10953 (2006)              
	PAPS: Mm SLC35B3/PAPST2 (PLoS One 4: e8262 (2009)) 
	PAPS: Dm PAPST2 (JBC 281: 28508-28517 (2006))
	PAPS: Ce F54E7.1/PST-2 (JCS 122: 4492-4504 (2009)/ JBC 285: 24717-24728 (2010))
	UDP-Gal: At UTr2 (Planta 222: 521-529 (2005))
	N/A

	　
	4
	huYEA4
	UDP-GlcNAc UDP-GlcA DP-Xyl
	Golgi/ER
	7q33
	N/A
	JBC 280: 27230-27235 (2005)           PLoS ONE 13: e0207521(2018)
	N/A
	UDP-GlcNAc/Xyl, GDP-Fuc: Dm Efr             (JBC 285: 4122-4129 (2010))      
	GDP-Fuc: Ce F15B10.1 (Nat Genet  28：69-72 (2001))
	N/A
	UDP-GlcNAc: Sc YEA4 (JBC 275: 13580-13587 (2000)), UDP-GlcNAc/GlcA: Kl MNN2-2 (PNAS 93: 5963-5968 (1996))


*Only the NSTs, of which substrates have already been determined, are described with references. [substrates: name of transporters (reference)] 
Abbreviation: At, Arabidopsis thaliana; Af, Aspergillus fumigatus; Bt, Bos Taurus; Ce, Caenorhabditis elegans; Ca, Candida albicans; Cgl, Candida glabrata; Cl, Canis lupus familiaris; Cg, Cricetulus griseus; Cn, Cryptococcus neoformans; Dr, Danio rerio; Do, Dendrobium officinale; Dm, Drosophila melanogaster; Eh, Entamoeba histolytica; Hs, Homo sapiens; Kl, Kluyveromyces lactis; Ld, Leishmania donovani; Lm, Leishmania major; Mm, Mus musculus; Os, Oryza sativa Japonica; Pp, Pichia pastoris; Sc, Saccharomyces cerevisiae; Sp, Schizosaccharomyces pombe; Ss, Sus scrofa; Tg, Toxoplasma gondii; Tb, Trypanosoma brucei; N/A, not applicable.
Table 3: The members of nucleotide-sugar transporter (NST) family, solute carrier 35 (SLC35): Sub-groups, SLC35C, and SLC35D.
	sub-group
	No.
	synonym
	substrate (human)
	subcellular localization
	gene locus (human)
	disease (human)
	cloning & identification of activity of human gene
	cloning & identification of activity of other vertebrate genes*
	cloning & identification of activity of Drosophila gene*
	cloning & identification of activity of C.elegance gene*
	cloning & identification of activity of plant gene:
	cloning & identification of activity of genes of other species*

	SLC35C
	1
	FUCT1
	GDP-Fuc
	Golgi
	11p11.2
	CDG IIc/ Leukocyte adhesion deficiency II 
	Nat Genet 28: 69-72 (2001)                                                                Nat Genet 28: 73-76 (2001)                    
	N/A
	GDP-Fuc: Dm Gfr (Exp Cell Res 301: 242-250 (2004)/ PNAS 102: 18532-418537 (2005))
	GDP-Fuc: Ce C50F4.14 (Nat Genet 28: 69-72 (2001))
	N/A
	N/A

	　
	2
	OVCOV1
	orphan
	N/A
	20q13.12
	N/A
	Mamm　Genome 13: 619-624 (2002)
	N/A
	N/A
	N/A
	N/A
	N/A

	SLC35D
	1
	UGTrel7
	UDP-Gal   UDP-GalNAc UDP-Glc UDP-GlcNAc UDP-Xyl  UDP-GlcA UDP-Arap    
	ER
	1p31.3
	Schneckenbecken dysplasia 
	FEBS Lett 495: 87-93 (2001)
	N/A
	UDP-Gal/GalNAc/Glc/GlcNAc/GcUA/Xyl: Dm FRC (Nat Cell Biol 3: 809-815 (2001)/ Nat Cell Biol 3: 816-822 (2001))                                                                                       
	UDP-Gal/GalNAc/GlcUA: Ce SQV-7 (PNAS 98: 3738-3743 (2001))
	N/A
	N/A

	　
	2
	HFRC1
	UDP-Glc UDP-GlcNAc  
	Golgi
	9q22.32
	N/A
	JBC 279: 26469-26474 (2004)  
	N/A
	
	
	N/A
	N/A

	　
	3
	N/A　
	orphan
	N/A
	6q23.3
	N/A
	N/A
	N/A
	N/A
	N/A
	UDP-Gal/Glc: At UTR-7 (Mol Plant 5: 1263-1280 (2012))
	N/A


*Only the NSTs, of which substrates have already been determined, are described with references. [substrates: name of transporters (reference)] 
Abbreviation: At, Arabidopsis thaliana; Af, Aspergillus fumigatus; Bt, Bos Taurus; Ce, Caenorhabditis elegans; Ca, Candida albicans; Cgl, Candida glabrata; Cl, Canis lupus familiaris; Cg, Cricetulus griseus; Cn, Cryptococcus neoformans; Dr, Danio rerio; Do, Dendrobium officinale; Dm, Drosophila melanogaster; Eh, Entamoeba histolytica; Hs, Homo sapiens; Kl, Kluyveromyces lactis; Ld, Leishmania donovani; Lm, Leishmania major; Mm, Mus musculus; Os, Oryza sativa Japonica; Pp, Pichia pastoris; Sc, Saccharomyces cerevisiae; Sp, Schizosaccharomyces pombe; Ss, Sus scrofa; Tg, Toxoplasma gondii; Tb, Trypanosoma brucei; N/A, not applicable.
Table 4: The members of nucleotide-sugar transporter (NST) family, solute carrier 35 (SLC35): Sub-groups, GDP-Man, SLC35E, and SLC35F.
	sub-group
	No.
	synonym
	substrate (human)
	subcellular localization
	gene locus (human)
	disease (human)
	cloning & identification of activity of human gene
	cloning & identification of activity of  other  vertebrate genes*
	cloning & identification of activity of  Drosophila gene*
	cloning  & identification of activity of C.elegance gene*
	cloning  & identification of activity of plant gene:
	cloning & identification of activity of genes of other  species*

	GDP-Man
	N/A
	N/A
	GDP-Man GDP-Glc GDP-Gal GDP-Fuc GDP-Ala
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	GDP-Man/Glc/Gal/Fuc: At GONST1 (Plant Cell. 13:2283-2295 (2001), 25:1881-1894(2013)), GDP-Man/Glc/Gal/Fuc: At GONST2 (Nat Commun. 7:12119(2016)), GDP-Gal: At GONST3/GGLT1 (Plant J 96:1036-1050(2018)), GDP-Fuc: At GONST4/GFT1 (Nat Commun. 7:12119(2016)), GDP-Man: Do GMT1 (Plant Science 277: 43-54 (2018),GDP-Man: Do GMT2 (Plant Science 277: 43-54 (2018),GDP-Man: Do GMT3 (Plant Science 277: 43-54 (2018)
	GDP-Man: Cgl VRG4 (Yeast 19: 691-698 (2002)), GDP-Man: Sc VRG4 (JBC 272: 31908-31914 (1997)), GDP-Man: Pp VIG4 (J Gen Appl Microbiol 52: 137-145 (2006)), GDP-Man: Ca VRG4 (J Bacteriol 184: 29-42 (2002)), GDP-Man: Cn GMT1 (Eukaryot Cell 6: 776-785 (2007)), GDP-Man: Cn GMT2 (Eukaryot Cell 6: 776-785 (2007), GDP-Man: Tb NST3 (JBC 288: 10599-615 (2013)), GDP-Man/Fuc/Ala: Ld LPG2 （JBC 280: 2028-2035 (2005))

	SLC35E
	1
	N/A
	orphan
	N/A
	19p13.11
	N/A
	N/A
	N/A
	N/A
	N/A
	GDP-Man: At GONST5 (Mol Genet Genomics 272: 397-410 (2004)), UDP-Gal: At UDP-GalT1 (Glycobiology 15: 193-201 (2005)), UDP-Gal: OS UGT1 (J Biochem 148: 35-46 (2010)), UDP-Gal: OS UGT2 (J Biochem 148: 35-46 (2010)) 
	N/A

	　
	2
	N/A
	orphan
	N/A
	1p36.33
	N/A
	N/A
	N/A
	N/A
	N/A
	
	N/A

	　
	3
	BLOV1
	orphan
	N/A
	12q15
	N/A
	N/A
	N/A
	N/A
	N/A
	UDP-Gal: At NST-KT1 (FEBS Lett 580: 4246-4251 (2006)), UDP-Gal: At UDP-GalT2  (Glycobiology 15: 193-201 (2005)), UDP-Gal: OS UGT3 (J Biochem 148: 35-46 (2010))     
	UDP-GalNAc/GlcNAc, GDP-Man: Tb NST4 (JBC 288: 10599-615 (2013)), UDP-Galf:  Af GlfB (JBC 284: 33859-33868 (2009))   

	　
	4
	N/A
	orphan
	N/A
	22q12.2
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
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	4
	N/A
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	N/A
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	N/A
	N/A
	N/A
	N/A


*Only the NSTs, of which substrates have already been determined, are described with references. [substrates: name of transporters (reference)] 
Abbreviation: At, Arabidopsis thaliana; Af, Aspergillus fumigatus; Bt, Bos Taurus; Ce, Caenorhabditis elegans; Ca, Candida albicans; Cgl, Candida glabrata; Cl, Canis lupus familiaris; Cg, Cricetulus griseus; Cn, Cryptococcus neoformans; Dr, Danio rerio; Do, Dendrobium officinale; Dm, Drosophila melanogaster; Eh, Entamoeba histolytica; Hs, Homo sapiens; Kl, Kluyveromyces lactis; Ld, Leishmania donovani; Lm, Leishmania major; Mm, Mus musculus; Os, Oryza sativa Japonica; Pp, Pichia pastoris; Sc, Saccharomyces cerevisiae; Sp, Schizosaccharomyces pombe; Ss, Sus scrofa; Tg, Toxoplasma gondii; Tb, Trypanosoma brucei; N/A, not applicable.
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