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Abstract 24 

Simultaneous co-fermentation of glucose and xylose is a key desired trait of engineered 25 

Saccharomyces cerevisiae for efficient and rapid production of biofuels and chemicals. 26 

However, glucose strongly inhibits xylose transport by endogenous hexose transporters 27 

of S. cerevisiae. We identified structurally distant sugar transporters (Lipomyces starkeyi 28 

LST1_205437 and Arabidopsis thaliana AtSWEET7) capable of co-transporting glucose 29 

and xylose from previously unexplored oleaginous yeasts and plants. Kinetic analysis 30 

showed that LST1_205437 had lenient glucose inhibition on xylose transport and 31 

AtSWEET7 transported glucose and xylose simultaneously with no inhibition. Modelling 32 

studies of LST1_205437 revealed that Ala335 residue at sugar binding site can 33 

accommodates both glucose and xylose. Docking studies with AtSWEET7 revealed that 34 

Trp59, Trp183, Asn145 and Asn179 residues stabilized the sugars, allowing both xylose 35 

and glucose to be co-transported. In addition, we altered sugar preference of 36 

LST1_205437 by single amino acid mutation at Asn365. Our findings provide a new 37 

mechanistic insight on glucose and xylose transport mechanism of sugar transporters and 38 

the identified sugar transporters can be employed to develop engineered yeast strains for 39 

producing cellulosic biofuels and chemicals.  40 

 41 

Keywords: sugar membrane transporter, co-fermentation, substrate specificity, rational 42 

evolution  43 
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1. Introduction 47 

Glucose and xylose are the two most abundant sugars in lignocellulosic biomass 48 

(Carroll and Somerville, 2009). The development of efficient and economical processes 49 

for the conversion of lignocellulosic biomass into various biofuels, chemicals and 50 

bioproducts requires microorganisms capable of utilizing both sugars if possible 51 

simultaneously (Kim et al., 2012). Xylose metabolism, however, is not native to 52 

Saccharomyces cerevisiae, which has been used for the production of corn and 53 

sugarcane ethanol. A number of studies have demonstrated that S. cerevisiae can be 54 

engineered to efficiently utilize xylose (Brat et al., 2009; Jeffries and Jin, 2004; Jin et al., 55 

2003; Kim et al., 2013; Kotter et al., 1990; Kuyper et al., 2003; Kwak and Jin, 2017; Zhou 56 

et al., 2012). However, xylose transport in these engineered strains is subject to glucose 57 

repression, which leads to sequential utilization of glucose and xylose rather than 58 

simultaneous co-utilization. Glucose repression in a xylose-fermenting engineered S. 59 

cerevisiae is initiated from glucose inhibition on xylose uptake by endogenous sugar 60 

transporters (Gardonyi et al., 2003; Hamacher et al., 2002; Parachin et al., 2011; Sedlak 61 

and Ho, 2004). 62 

S. cerevisiae has at least 18 hexose transporters. However, dedicated xylose 63 

transporters in S. cerevisiae has not been reported. Xylose transport in S. cerevisiae is 64 

facilitated by actively expressed hexose transporters (HXT1-7 and GAL2) as HXT8-65 

HXT17 are either inactive (not transcribed) or cryptic (Hamacher et al., 2002; Ozcan and 66 

Johnston, 1999; Sedlak and Ho, 2004). Although these hexose transporters can facilitate 67 

efficient xylose utilization when it is the sole sugar, the presence of glucose completely 68 

inhibits xylose uptake due to the higher affinity of the sugar transporters toward glucose 69 
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(Subtil and Boles, 2012). As such, glucose inhibition of xylose transport has been 70 

considered as a bottleneck preventing simultaneous co-fermentation of glucose and 71 

xylose. Several attempts have been made to bypass glucose inhibition in mixed-sugar 72 

fermentations. Ha et al. developed an engineered yeast strain capable of co-fermenting 73 

cellobiose, a dimer of glucose, and xylose, thus avoiding inhibition of xylose transport by 74 

glucose (Ha et al., 2011). However, this strategy does not allow co-fermentation of 75 

monomeric sugars present in cellulosic hydrolysates generated by matured pretreatment 76 

and enzymatic hydrolysis processes (Cheng et al., 2019b; Shirkavand et al., 2016). 77 

Therefore, many studies have focused on identifying xylose specific transporters from 78 

xylose-fermenting yeast species, such as Pichia  stipitis and Candida intermedia (Leandro 79 

et al., 2009; Young et al., 2011). Although heterologous expression of the identified xylose 80 

transporters in a S. cerevisiae lacking hexose sugar transporters conferred growth on 81 

xylose, glucose inhibition on xylose transport was still observed (Leandro et al., 2009; 82 

Young et al., 2011).  In addition to bioprospecting, rational and directed-evolution 83 

approaches have led to the development of xylose transporters not inhibited by glucose 84 

(Farwick et al., 2014; Li et al., 2016; Reider Apel et al., 2016; Shin et al., 2015; Young et 85 

al., 2014). Using rational mutagenesis, Young et al. reported a conserved amino-acid 86 

motif responsible for monosaccharide selectivity in sugar transporters conferring growth 87 

on xylose. Further, mutation of the conserved monosaccharide recognition motifs led to 88 

a designed transporter for xylose transport. However, the transporter could not transport 89 

glucose and xylose simultaneously, leaving the co-fermentation problem open (Young et 90 

al., 2014). Farwick et al. employed adaptive laboratory evolution of an individual sugar 91 

transporter, using a xylose-utilizing strain of S. cerevisiae lacking all hexose transporters 92 
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and with disrupted glycolysis, to identify evolved hexose transporters insensitive to 93 

glucose repression. The authors discovered two amino-acid residues (Asn376/370 and 94 

Thr219/213) of Gal2 and Hxt7 that are essential for co-transport of glucose and xylose. 95 

However, modifying these two residues resulted in reduced rates of glucose and xylose 96 

transport (Farwick et al., 2014). Using similar approach Shin et al., identified Asn366 97 

residue mutation (same as in ScGal2/Hxt7 Asn376/370) in Hxt11 that enabled 98 

simultaneous glucose and xylose co-fermentation (Shin et al., 2015).  99 

While the rational design approach led to promising results, we aimed to expand 100 

bioprospecting in the search of native glucose and xylose co-transporters. Oleaginous 101 

yeasts, such as Rhodosporidum toruloides and Lipomyces starkeyi  are receiving more 102 

attention as an alternative cell factory for lipid and acetyl-CoA based products given their 103 

ability to naturally consume most of the sugars including hemicellulose derived glucose 104 

and xylose (Adrio, 2017; Zhang et al., 2016). Recently, genome sequence of R. toruloides 105 

and L. starkeyi have been reconstructed and annotated, allowing search for putative 106 

xylose transporters (Coradetti et al., 2018; Riley et al., 2016). According to our xylose 107 

transporter search criteria based on conserved motif G[G/F]XXXG (Young et al., 2014) 108 

and Thr213 and Asn370 residues (Farwick et al., 2014), both species contained 8 putative 109 

xylose transporters. 110 

In contrast to yeast transporters, the mechanism of xylose transport by SWEETs 111 

has not been studied so far. SWEETs are newly discovered family of transporters with 112 

distinct 7 transmembrane (TM) structure that plays a key role in plant development and 113 

sugar translocation within the plant phloem (Jeena et al., 2019). SWEETs are comprised 114 

by 7 TM domains, where the N-terminal three helixes shares sequence similarity to C-115 
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terminal three helixes, connected by non-conserved fourth domain (Chen et al., 2010; 116 

Han et al., 2017; Tao et al., 2015; Xuan et al., 2013). Previous studies on Arabidopsis 117 

thaliana SWEETs demonstrated functional expression of the transporters in yeast, 118 

conferring growth on glucose (Chen et al., 2010; Selvam et al., 2019; Tao et al., 2015). 119 

Recently, Podolsky et al., identified novel fungal SWEET from anaerobic fungi 120 

(Neocallimastigomycota) which demonstrated co-consumption of glucose and xylose in 121 

S. cerevisiae (Podolsky et al., 2021). 122 

In this study we aimed to investigate an ability of putative xylose transporters from 123 

R. toruloides IFO0880 and L. starkeyi NRRL Y-11557 and SWEET transporters from A. 124 

thaliana to co-ferment glucose and xylose, a desired trait for producing cellulosic biofuels 125 

by engineered S. cerevisiae. In the first part of the study, we expressed selected 126 

transporters in engineered S. cerevisiae optimized for efficient xylose fermentation 127 

lacking major hexose transporters to screen and characterize transporters that capable 128 

to co-ferment both sugars (Xu, 2015). We identified that L. starkeyi LST1_205437 and A. 129 

thaliana SWEET7 have an ability to co-ferment glucose and xylose simultaneously. To 130 

understand kinetic background behind simultaneous glucose and xylose co-fermentation, 131 

we performed kinetic study using 14C labeled sugars. Kinetics studies revealed that both 132 

transporters transports xylose in the presence of glucose. Cryo-EM or/and X ray 133 

crystallography of the selected transporters have not been resolved. Hence, to explain 134 

molecular basis of this unique trait observed in the selected transporters, we employed in 135 

silico molecular modelling and dynamics simulation (MD). Using crystal structure of 136 

OsSWEET2b and XylE transporters as a homology template, we performed molecular 137 

simulation of glucose and xylose transport in LST1_205437 and A. thaliana SWEET7.  138 
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The study demonstrated that bioprospecting approach still can be a versatile tool to 139 

identify novel transporters with unorthodox protein motifs and residues for glucose and 140 

xylose cotransport. By combining kinetics and molecular simulation study, we were able 141 

to get insights into a molecular basis and responsible amino acid residues enabling co-142 

transport of glucose and xylose in LST1_205437 and AtSWEET7 (Fig 1). 143 

 144 

2. Materials and Methods 145 

2.1 Medium and cell growth conditions 146 

Under non-selective conditions, all strains were grown YPD agar plates (2 % w/v 147 

agar, 1 % w/v yeast extract, 2 % peptone and 2 % glucose). A single colony from YPD 148 

agar plate was inoculated into 2 mL YPD liquid medium to obtain seed cultures. For 149 

growth study, the seed cultures were then used to inoculate 25 mL of YPD and YPX 150 

medium (10 g/L yeast extract, 20 g/L peptone, and 20 g/L xylose or glucose) in a 125 mL 151 

shake flask with a starting OD600 of 1. The cells were then grown at 30 °C and 250 rpm.  152 

For flask fermentation, a single colony was inoculated to 5 or 25 mL YPE (1 % w/v 153 

yeast extract, 2 % peptone, 5 % ethanol) supplemented with 200 μg/ml of geneticin to 154 

obtain seed cultures. Subsequently, seed cultures were inoculated to 25 mL of YPD,YPX  155 

and YPDX medium (10 g/L yeast extract, 20 g/L peptone, and 20 g/L xylose or/and 156 

glucose) in a 125 mL shake flask with a starting OD600 of 1, 5 or 10 for flask fermentation. 157 

Flask fermentations were maintained at 30 °C and 250 rpm. CaCO3 at 50g/L were added 158 

for high sugar fermentations in YPDX medium (10 g/L yeast extract, 20 g/L peptone, 70g/L 159 

glucose and 40g/L xylose).  160 
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A previously constructed xylose fermenting S .cerevisiae yeast (SR8) with HXT1-161 

7∆, GAL2∆ deletions was used for transporter screening and characterization (SR8D8) 162 

(Xu, 2015) (Kim et al., 2013). SR8D8 was grown in YPE medium (10 g/L yeast extract, 163 

20 g/L peptone, and 5 g/L ethanol). The codon optimized sugar transporter genes from 164 

L. starkeyi, R. toruloides and A. thaliana were expressed in SR8D8 using G418 resistance 165 

dominant marker harboring plasmid for glucose and/or xylose transport characterization. 166 

SR8D8 strains transformed with plasmid containing KanMX marker conferring resistance 167 

to G418 (geneticin) were propagated on YPE supplemented with 200 μg/ml of geneticin. 168 

For growth and flask fermentation experiments all media was supplemented with 200 169 

μg/ml of geneticin for plasmid maintenance. Biomass was calculated from the OD600 170 

measured using a Biomate 5 UV-visible spectrophotometer (Fisher, NY, USA). All growth 171 

rates were measured using a Bioscreen C plate reader system (Growth Curves USA, 172 

Piscataway, NJ, USA). A 2 µL inoculum of fully-grown culture was added into 200 µL YP 173 

containing 200 μg/ml Geneticin with varying concentrations of different sugars. A wide 174 

band filter (420–580 nm) was used to measure optical density. Bioscreen C values 175 

represent mean value from three biological replicates. In all cases, the Bioscreen C was 176 

set to maintain a temperature of 30 °C and high aeration through high continuous shaking.  177 

 178 

2.2 Plasmid construction and transformation 179 

All transporters were cloned into p42K-GPD1p-CYC1t plasmid harboring 2µ 180 

replication origin and KanMX marker conferring resistance to G418 (geneticin) antibiotic. 181 

For AtSWEET transporters p42K-GPD1p-CYC1t plasmid were linearized with BamHI and 182 

XhoI enzymes. AtSWEETs were PCR amplified and digested with BamHI and XhoI. 183 
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Linear p42K-GPD1p-CYC1t and AtSWEETs were ligated with T4 ligase according to 184 

manufacturer’s protocol. For R. toruloides and L. starkeyi  transporters p42K-GPD1p-185 

CYC1t plasmid were linearized with BamHI and EcoRI enzymes. The trasnporters were 186 

PCR amplified and digested with BamHI and EcoRI. Both p42K-GPD1p-CYC1t and the 187 

transporters were ligated with T4 ligase according to manufacturer’s protocol. All plasmid 188 

was transformed into E. coli DH5α for propagation and maintenance. SR8D8 yeast strain 189 

was grown on YPE medium for transformation. SR8D8 transformations were performed 190 

using LiAc method according to Gietz et al. (Gietz and Schiestl, 2007). Transformants 191 

were selected on YPE plate supplemented with 200 μg/ml of geneticin. AtSWEET1 and 192 

AtSWEET mutants were synthesized as gBlocks and cloned into p42K-GPD1p-CYC1t as 193 

described before (Integrated DNA technologies, IA, USA).  Variants of LST1_205437 194 

mutant were synthesized from Twist Biosciences (Twist Biosciences, CA, USA) and 195 

cloned as previously described.       196 

 197 

2.3 14C labeled sugar uptake assay 198 

SR8D8 containing the respective plasmid was grown on selective YPE medium to 199 

an OD600 of 1-1.5, harvested by centrifugation, and washed twice in ice-cold uptake 200 

buffer (100 mM potassium phosphate, pH 6.5). 14C labeled sugar uptake assay was done 201 

according to Boles and Oreb (Boles and Oreb, 2018). Radioactivity was analyzed in a 202 

Beckman-Coulter LS6500 multi-purpose liquid scintillation counter (Beckman-Coulter, 203 

CA, USA). 204 

Uptake was measured at sugar concentrations 0.2, 1, 5, 25, and 100 mM for glucose 205 

and 1, 5, 25, 66, 100, 200, and 500 mM for xylose. Inhibition of xylose uptake by glucose 206 



10 
 

was measured at 25, 66, and 100 mM xylose with additional 25 and 100 mM unlabeled 207 

glucose. Sugar solutions contained 0.135–0.608 μCi of D-[U-14C]-glucose (290-300 208 

mCi/mmol) or D-[1-14C]-xylose (55 mCi/mmol) (PerkinElmer, MA, USA). Calculation of Km 209 

(Michaelis constant), Vmax (maximal initial uptake velocity), and Ki (inhibitor constant for 210 

competitive inhibition) was done by nonlinear regression analysis and global curve fitting 211 

in Prism 7 (GraphPad Software) with values of three independent measurements. 212 

 213 

2.4 Transporter identification  214 

Orthologs of known sugar transporters were identified in R. toruloides and L. starkeyi 215 

using BlastP (Altschul et al., 1990). Glucose transporters from S. cerevisiae (Hxt7, Hxt2, 216 

Hxt1, Hxt3) (Lewis and Bisson, 1991; Ozcan and Johnston, 1999) and xylose transporters 217 

from P. stipitis (Xut5, Xut2, Rgt2, Xut3) (Jeffries et al., 2007) were used as query 218 

sequences for blast search. Search results were filtered by e-value and gene regulation. 219 

MEGA X 10.0.1 tool (Kumar et al., 2016) was used to perform ClustalW alignment for the 220 

filtered putative sugar transporters and identify conserved structural domains and amino 221 

acid residues. The alignment results were edited using the Jalview 2.8 tool (Waterhouse 222 

et al., 2009) for enhanced visual presentation. 223 

 224 

2.5 Transporter modeling 225 

The homology models of ScGal2, LST_205437, AtSWEET1 and AtSWEET7 were 226 

constructed using Modeller (Fiser and Sali, 2003). The OF and IF models of Scal2 and 227 

LST_205437 were built using the structural template XylE (PDB ID: 4GBZ and 4JA4) 228 

(Quistgaard et al., 2013; Sun et al., 2012). The 3D coordinates of XylE structures are 229 
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obtained from protein databank. The structural models of OC and OF states of 230 

AtSWEET1 and AtSWEET7 are obtained using MD predicted structures of OsSWEET2b 231 

as template (Selvam et al., 2019). The IF OsSWEET2b (Tao et al., 2015) was used to 232 

build both AtSWEET1 and AtSWEET7 IF models. Molecular docking was performed 233 

using Autodock software package (Morris et al., 2009). The PDBQT format files for protein 234 

and substrate molecules were obtained using AutoDock Tools. The grid files were 235 

generated using Autogrid4 and docking was performed using Autodock4 (Morris et al., 236 

2009). The docking files were visualized using pymol (The PyMOL Molecular Graphics 237 

System, Version 1.7, Schrodinger, 2015).  238 

 239 

3. Results 240 

3.1 Identification of putative xylose transporters in Rhodosporidium toruloides and 241 

Lipomyces starkeyi 242 

We used knowledge of existing yeast sugar transporters to identify sugar 243 

transporters in R. toruloides and L. starkeyi, which have not been searched for sugar 244 

transporters. We found multiple orthologs to HXT transporters from S. cerevisiae and XUT 245 

transporters from P. stipitis. We filtered the transporters with 12 TM domains and 246 

conserved sequence motifs (Fig. 2a) (Leandro et al., 2009). Recent studies have shown 247 

the involvement of the conserved motif G[G/F]XXXG (Young et al., 2014), and Thr213 248 

and Asn370 residues (Farwick et al., 2014) in Hxt7 towards xylose specificity. As such, 249 

we used these conserved motifs and residues to refine glucose and xylose specific 250 

transporters in R. toruloides and L. starkeyi. For L. starkeyi, LST1_106361 and 251 

LST1_205437 were identified as putative glucose transporters and LST1_76 was 252 
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identified as a putative xylose transporter. For R. toruloides, RTO4_11075 and 253 

RTO4_13042 were identified as putative glucose transporters, and RTO4_13731 and 254 

RTO4_10452 were identified as putative xylose transporters (Fig. 2c). The protein IDs’ 255 

were picked from respective gene models at JGI mycocosm (Farwick et al., 2014; Young 256 

et al., 2014).  257 

 258 

3.2 Screening of Arabidopsis thaliana SWEET and oleaginous yeast transporters 259 

for glucose or xylose transport 260 

It has been well reported that SWEETs transport different sugars, which encouraged 261 

us to examine xylose and glucose transport capabilities of 17 AtSWEET1-17. We used 262 

an engineered S. cerevisiae strain (SR8D8) capable of xylose fermentation which lacks 263 

the Hxt1-7 and Gal2 transporters—rendering it unable to grow on glucose or xylose—for 264 

the examination (Kim et al., 2013; Xu, 2015). We measured growth kinetics of SR8D8 265 

transformants expressing the A. thaliana SWEETs and putative oleaginous yeast 266 

transporters using glucose and xylose as a sole sugar (Fig. 2b, Fig 2c, and Fig 3).  267 

ScGal2 expressing SR8D8 was used as a positive control. Most of the SR8D8 268 

transformants expressing AtSWEETs and putative oleaginous transporter were not able 269 

to grow on glucose or xylose. Only AtSWEET4, AtSWEET7, and LST1_205437 270 

expressing strains exhibited robust growth on xylose and glucose (Fig. 3a).  271 

 272 

3.3 A. thaliana SWEET and L. starkeyi LST1_205437 transporters conferred glucose 273 

and xylose cofermentation ability in engineered yeast 274 
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To test if the selected transporters can enable consumption of both sugars 275 

simultaneously upon introduction to the SR8D8 strain, we performed flask fermentations 276 

with a mixture of glucose and xylose and monitored sugar consumption over time. We 277 

used the SR8D8 expressing GAL2 as a baseline control for determining co-consumption 278 

phenotypes, because it is known to transport both glucose and xylose in a sequential 279 

manner (Fig. 4a). In addition, we included AtSWEET1 as an additional control for 280 

AtSWEETs, because it is most studied SWEET transporter and confers growth of SR8D8 281 

on glucose (Fig S1a) (Chen et al., 2010; Cheng et al., 2019a; Eom et al., 2015). Both 282 

AtSWEET4 and AtSWEET7 showed simultaneous co-utilization of glucose and xylose 283 

with different rates within 24 hours. While AtSWEET1 showed a complete preference for 284 

glucose with negligible xylose consumption (Fig S1a), AtSWEET4 showed co-285 

consumption of glucose and xylose with a faster glucose consumption rate than that of 286 

xylose (Fig S1b). Interestingly, AtSWEET7 enabled simultaneous co-consumption of 287 

glucose and xylose with almost same rates of sugar consumption (Fig. 4c). LST1_205437 288 

transporter from L. starkeyi showed co-consumption of glucose and xylose (Fig. 4b) but 289 

glucose consumption was faster than xylose consumption. In further experiments, we 290 

chose AtSWEET1 as a sole glucose transporter, AtSWEET7 as a glucose and xylose co-291 

transporter, and LST1_205437 as a semi glucose and xylose co-transporter. AtSWEET7 292 

transports both sugars simultaneously, but suffer from slow transport capacity. While 293 

LST1_205437 performs partial co-consumption, it has an efficient transport capacity for 294 

both glucose and xylose. The difference could be attributed to the structure and function 295 

of the transporters within the isolated organism.  296 
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Next, we evaluated fermentation performances of the SR8D8 transformants 297 

expressing AtSWEET1, AtSWEET7 and LST1_205437 under glucose or xylose 298 

conditions (Fig S2). As expected, AtSWEET7 and LST1_205437 transporters enabled 299 

glucose and xylose fermentation, depleting all provided sugars. In contrast, AtSWEET1 300 

enabled robust glucose fermentation but inefficient xylose fermentation with only 5 g/L of 301 

xylose consumption within 50 h. 302 

 303 

3.4 Kinetic and molecular properties of A. thaliana SWEET7 and L. starkeyi 304 

LST1_205437 305 

To understand kinetic and molecular basis of AtSWEET7 and LST1_205437 glucose 306 

and xylose co-transport phenotypes, we performed radiolabeled sugar transport kinetics 307 

experiments, and in silico molecular modeling simulations with ScGal2 and AtSWEET1 308 

served as representative controls. ScGal2 was confirmed to be a high affinity glucose 309 

transporter (KM = 1.613 mM, Vmax = 38.33 nmol/min-mg), with low affinity toward xylose 310 

(KM = 320.5 mM) (Fig S3c, and Table 1). Glucose transport kinetics of LST1_205437 311 

was inferior to the ScGal2 transporter (KM = 4.975 mM, Vmax = 46.89 nmol/min-mg), 312 

whereas xylose kinetics was superior (KM = 145.3 mM, Vmax = 76.8 nmol/min-mg) (Fig 313 

S3e, and Table 1). These transport kinetic differences were not noticeable during sole 314 

sugar fermentation, unlike mixed sugar fermentation (Fig S2a-2b).  315 

We then compared transport kinetic properties of AtSWEET1 and AtSWEET7. The 316 

results showed that AtSWEET1 transports glucose more efficiently as compared to 317 

AtSWEET7, with very poor xylose transport kinetics (Fig S3b and S3d). These kinetics 318 
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results of AtSWEET1 and AtSWEET7 are consistent with the fermentation results (Fig 319 

S2a-2b) by the SR8D8 strains expressing AtSWEET1 and AtSWEET7.  320 

Individual sugar uptake kinetics results of LST1_205437 supported the partial 321 

glucose and xylose co-consumption phenotype. However,  the engineered yeast 322 

expressing AtSWEET7 showed apparent co-consumption of glucose and xylose, while 323 

kinetics results indicated discrepancies in KM (KM=75mM for glucose and KM=308mM) 324 

(Table 1). These results prompted us to directly investigate the xylose transport rates by 325 

ScGal2, LST1_205437 and AtSWEET7 in the presence of glucose. We performed xylose 326 

uptake assay with 25 mM or 100 mM glucose, similar conditions that were used in 327 

previous study (Farwick et al., 2014). As shown in Fig. 4d, xylose transport by ScGal2 328 

was completely inhibited in the presence of glucose (Ki = 2.3 mM). This kinetic behavior 329 

of ScGal2 is consistent with the mixed sugar fermentation result (Fig. 4a). Interestingly, 330 

xylose transport by LST1_205437 was less inhibited by glucose than those by ScGal2 (Ki 331 

= 26.7 vs 2.3 mM) (Fig. 4e). As a result, the LST1_205437 expressing strain showed a 332 

partial co-consumption of glucose and xylose (Fig. 4b). Remarkably, AtSWEET7 showed 333 

no inhibition of xylose transport by glucose (Fig. 4f, Table 1) (Fig. 4c). Next, we 334 

performed a mixed sugar fermentation experiment under industrially-relevant sugar 335 

concentrations of 7 % glucose and 4 % xylose to validate co-fermentation of AtSWEET7 336 

and LST1_205437. As expected the ScGal2 expressing strain exhibited a sequential 337 

utilization of glucose and xylose (Fig. 5a). The sugar utilization profile of the LST1_20437 338 

expressing strain was consistent with the kinetics data, showing partial xylose and 339 

glucose co-consumption (Fig. 5b). The AtSWEET7 expressing strain showed co-340 

consumption of glucose and xylose even at higher glucose concentrations, further 341 
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supporting that AtSWEET7 is indeed glucose and xylose co-transporter which is 342 

insensitive to glucose inhibition even under high glucose concentrations (Fig. 5c).  343 

To probe critical amino-acid residues responsible for the observed phenotypes—344 

severe and partial glucose inhibition on xylose—of ScGal2 and LST1_205437, we 345 

performed in-silico docking studies to predict the preferred binding sites of glucose and 346 

xylose in ScGal2 and LST1_205437. We constructed the homology models of outward-347 

facing (OF) and inward facing (IF) states of ScGal2 and LST1_205437 using the closest 348 

homologous structure, XylE (Quistgaard et al., 2013; Sun et al., 2012) and docked 349 

glucose and xylose into the primary binding site (see Methods for details) (Fig. 6 and Fig 350 

S4-5). Glucose and xylose exhibited conserved binding mode in ScGal2 and 351 

LST1_205437 in OF states and our docked pose shows close match with previous studies 352 

based on XylE (Sun et al., 2012) (Fig. 6a-6d). The non-conserved residue Tyr446 in 353 

ScGal2 is involved in hydrogen bond interaction with both substrates while the equivalent 354 

residue Phe433 in LST1_205437 does not form any polar interaction. The presence of 355 

additional hydroxylmethyl moiety in glucose forms favorable contact with Thr219 356 

(ScGal2)/Thr209 (LST1_205437) and stabilizes glucose in the binding site. However, 357 

striking differences were observed in the binding mode of substrate molecules in the IF 358 

state (Fig. 6e-6h). The structural transition to IF state exposes Asn346 (ScGal2) to the 359 

binding site and plays crucial role in substrate translocation. Both glucose and xylose 360 

were involved in hydrogen bond interaction with Tyr446 and Asn346 in ScGal2. In 361 

contrast, the equivalent residues Phe433 and Ala335 in LST1_205437 cannot form 362 

hydrogen bond interaction with glucose and xylose. Furthermore, dynamics involving both 363 

N- and C-terminal domains in LST1_205437 leads to co-transport of both glucose and 364 
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xylose. In contrast xylose fails to form favorable contact with N-domain residues in ScGal2 365 

which may be required for efficient transport. To validate the docking results, we 366 

constructed the SR8D8 expressing LST1_205437 with Ala335Asn mutation 367 

(LST1_205437_A335N) and examined the profile of glucose and xylose utilization. As 368 

expected, the Ala335Asn mutation of LST1_205437 increased glucose uptake and 369 

decreased the xylose uptake as compared to the wild type (Fig S6). 370 

In contrast to ScGal2 and LST1_205437 with 12 TM domains, AtSWEET7 with 7 TM 371 

domains showed no inhibition of xylose transport in the presence of either 25 mM or 100 372 

mM glucose (Fig. 4f and Table 1). This unique kinetic properties of AtSWEET7 are 373 

consistent with the fermentation result (Fig. 4c and Fig 5c). Both AtSWEET1 and 374 

AtSWEET7 are structurally related to each other, but when expressed in SR8D8 they 375 

showed different mixed-sugar fermentation phenotypes (Fig S7). The AtSWEET1 376 

expressing strain consumed glucose rapidly but did not utilize xylose (Fig S1a). The 377 

AtSWEET7 expressing strain consumed glucose and xylose simultaneously (Fig. 4c). In 378 

a previous study, we characterized the complete glucose transport cycle in OsSWEET2b 379 

using molecular dynamics (MD) simulations (Selvam et al., 2019). Using the MD predicted 380 

structures of the occluded (OC) and OF states as structural templates, we constructed 381 

the homology models of intermediate conformations of AtSWEET1 and AtSWEET7 (Fig 382 

S8) (Selvam et al., 2019). The IF models were built using an OsSWEET2b crystal 383 

structure (Tao et al., 2015). The substrate molecules were docked in three different states 384 

and bound poses were predicted to be similar in both AtSWEET1 and AtSWEET7 (Fig. 385 

7 and Fig S9). However, the major differences between AtSWEET1 and AtSWEET7 were 386 

observed in the non-conserved residues that stabilize the glucose and xylose in the 387 
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binding site. The docking results reveals that substrate molecules are sandwiched 388 

between Trp59 and Trp183 in AtSWEET7 while the equivalent residues in AtSWEET1 389 

are Ser54 and Trp176 cannot form a strong stacking interaction with substrates (Fig. 7). 390 

Molecular simulations have also shown that the presence of two bulky aromatic residues 391 

in the binding site of bacterial SemiSWEET with one THB decreases the substrate dynamics 392 

and thereby increases the energetic barrier for substrate transport (28). Similarly, the non-393 

conserved residues Asn145 (Ser138) and Asn179 (Cys172) in AtSWEET7 have an 394 

extended amide group that forms favorable contact with both substrates in all three major 395 

conformational states (Fig. 7) whereas the counterpart residues Ser138 and Cys172 in 396 

AtSWEET1 cannot form favorable interactions in all the conformational states. To validate 397 

our findings, we mutated Trp59Ser in AtSWEET7 and observed decreased xylose 398 

transport without affecting the glucose uptake (Fig S10d). We also identified secondary 399 

hydrophobic gating residues in our previous study and mutating of one of the hydrophobic 400 

residues beneath these gating residues Phe168Ala in AtSWEET1 improves the glucose 401 

transport and allows the co-transport of xylose (Fig S9, and S10c).  402 

 403 

3.5 Alteration of Asn365 amino acid residue in L. starkeyi LST1_205437 changes 404 

sugar preference 405 

Asn370/376 residues in S. cerevisiae hexose transporters Gal2 and Hxt7 play a 406 

critical role in glucose and xylose co-transport (Farwick et al., 2014). Replacing the 407 

Asn370/376 residue in Gal2 and Hxt7 with either hydrophobic or hydrophilic amino acids 408 

led to alleviation of glucose inhibition on xylose transport (Farwick et al., 2014). 409 

Interestingly, LST1_205437 transporter retains Asn365 (equivalent to Asn370 in Gal2) 410 
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residue and show partial inhibition of xylose uptake by glucose (Fig. 4b and 4e). We 411 

sought to test if alteration of Asn365 residue in LST1_205437 to phenylalanine, serine or 412 

valine would further alleviate glucose inhibition on xylose transport, allowing complete co-413 

fermentation of glucose and xylose. We found that Asn365Phe, Asn365Ser, and 414 

Asn365Val mutations in LST1_205437 resulted in similar phenotypic changes as it was 415 

reported by Farwick et al.  Particularly, Asn365Phe mutation abolished glucose transport 416 

while retaining xylose, Asn365Ser and Asn365Val showed co-fermentation phenotypes 417 

(Fig. 8b-8d). Our computational investigation also showed that Asn365 mutation to 418 

phenylalanine sterically hinders the binding mode of the glucose molecule and hence 419 

results in loss of transport function (Fig. 7e). Altogether Asn365 residue mutation 420 

functions not only in S. cerevisiae transporters but also in L. starkeyi LST1_205437, 421 

supporting the universal importance of Asn370/376 residue in closely related yeast 422 

hexose transporters. 423 

 424 

4. Discussion 425 

The wealth of sequencing information and recently discovered SWEET family sugar 426 

transporters are still unexplored by bioprospecting for tackling glucose and xylose co-427 

transport problem. In this study, we undertook a bioprospecting approach to identify 428 

glucose and xylose co-transporting transporters from unexplored oleaginous yeasts and 429 

plant (Fig. 1). We identified 8 putative xylose transporters in R. toruloides and L. starkeyi  430 

(Fig. 2c). However, experimental validation of the putative transporters using a xylose-431 

fermenting S. cerevisiae lacking major hexose transporters (SR8D8) showed that only L. 432 

starkeyi LST1_205437 can enable robust growth on either glucose or xylose (Fig. 3a). 433 
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Interestingly, LST1_205437 retained conserved Thr213 and Asn370 residues, and 434 

demonstrated a partial cofermentation of glucose and xylose (Fig. 4b). Furthermore, the 435 

glucose inhibition kinetics by LST_205437 showed less glucose inhibition on xylose 436 

transport whereas ScGal2 exhibited severe glucose inhibition on xylose transport even 437 

under a low glucose concentration (25mM) (Fig. 4d, and 4e). This observation provides 438 

evidence that other than Thr213 and Asn370 residues might be involved in the partial 439 

cofermentation phenotype. In silico analysis reveals that the non-conserved residues 440 

Tyr446/Phe433 and Asn346/Ala335 might play crucial role in substrate binding and 441 

transport in ScGal2 and LST1_205437 (Fig. 6). The increase in polarity restricts the 442 

binding of xylose only to C-terminus in ScGal2; however, dynamics involving both C and 443 

N domains is essential for efficient transport of both glucose and xylose in LST1_205437. 444 

The fermentation experiments also support our prediction and mutation of Ala335Asn 445 

decreases the xylose uptake in LST1_205437.  446 

Most studies related to xylose transporters focused on MFS (Major Facilitator 447 

Superfamily) type transporters with 12 TM domains, and other families of sugar 448 

transporters have been overlooked. Here, we expanded bioprospecting approach toward 449 

SWEET family transporters. A. thaliana has 17 SWEET transporters that can transport 450 

either monosaccharides or disaccharides across a membrane via concentration gradients 451 

(Fig. 2b) (Chen et al., 2015). According to Han et. al. A. thaliana SWEETs can be divided 452 

into two distinct groups based on conserved residues dictating sugar preference to 453 

monosaccharide or disaccharide. However, the authors discovered that this division could 454 

not reflect sugar specificity for all AtSWEETs. In particular, Han et al. showed that 455 

AtSWEET13 have both glucose and sucrose transport activities (Han et al., 2017). 456 
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Therefore, in this study, we screened all 17 AtSWEETs to identify xylose and glucose 457 

transporter. Interestingly, 17 AtSWEETs share sequence similarity and yet showed very 458 

different sugar uptake phenotypes on glucose or xylose. We confirmed AtSWEET1 to be 459 

a glucose transporter with almost no xylose transport capacity, whereas AtSWEET4 and 460 

AtSWEET7 showed both glucose and xylose transport capacities (Fig S1 and Fig. 4c). 461 

Moreover, among screened transporters, AtSWEET7 exhibited complete co-fermentation 462 

phenotype. The kinetic analysis of AtSWEET7 revealed no glucose inhibition of xylose 463 

transport, though the glucose and xylose transport kinetic properties were poorer than 464 

ScGal2 and LST_205437 (Fig. 4f and Fig S3). Moreover, AtSWEET7 exhibited complete 465 

co-fermentation of glucose and xylose even at high residual glucose concentrations, 466 

suggesting the transporter is completely insensitive to glucose inhibition (Fig. 5c). 467 

Recently, Podolsky et al., demonstrated utility of fungal SWEET transporters to tackle 468 

glucose and xylose cotransport problem. The authors demonstrated that  the wild-type 469 

NcSWEET1 and the best performing chimera derived from it allowed co-transport of 470 

glucose and xylose. However, in their experimental setup S. cerevisiae expressing wild 471 

type and the chimera transporter co-consumed only 20 g/L of sugars within 120 hours 472 

(Podolsky et al., 2021). Similar results were achieved in engineered Asn366Thr Hxt11 473 

transporter, which belongs to MFS family, engineering of native glucose and xylose co-474 

transporter with more simpler molecular structure than MFS might be advantageous for 475 

transporter engineering (Shin et al., 2015). 476 

  More recently, we investigated the glucose transport cycle in OsSWEET2b and 477 

Bacterial SemiSWEET with 3 TMs and reported that substrate transport mechanism 478 

varies between closely related families of transporters (Selvam et al., 2019). We 479 
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constructed the homology models of AtSWEET1 and AtSWEET7 intermediate states and 480 

docked the substrate in the binding site (Fig. 7 and Fig S9). The results revealed that the 481 

substrate molecules were sandwiched between Trp59 and Trp183 in AtSWEET7, thereby 482 

enables the structural transition to other states for efficient transport. The lack of one of 483 

the aromatic counterpart may lead to the increase in conformation degrees of rotational 484 

freedom that could possibly affects the substrate stability in the binding site and the 485 

transport (Cheng et al., 2019a). As expected, the mutation of Trp59 decreased the xylose 486 

transport in AtSWEET7 (Fig S10d). In a previous study, we identified a hydrophobic gate 487 

at the center of transporter and opening of these gates drives the conformational 488 

transition of IF state (Selvam et al., 2019). In AtSWEET1, Phe169 is located just beneath 489 

the hydrophobic gates and the mutation of this residue to alanine increases the glucose 490 

uptake and shows partial cotransport of xylose (Fig S10c). Although SWEETs transport 491 

both glucose and xylose via the same translocation pore, the free energy barriers and the 492 

critical residues that facilitate the transport along the pore cavity could be different. 493 

Extensive long timescale simulations are required to characterize the mechanistic 494 

difference between glucose and xylose transport that provides more insights into atomic-495 

level details of the transport mechanism. 496 

 497 

5. Conclusion 498 

In summary, this work demonstrates how bioprospecting can identify unique 499 

transporters for industrial applications. Availability of vast amounts of sequencing 500 

information, allowed us to identify and characterize yeast transporter LST_205437 that 501 

has partial glucose and xylose co-consumption capacity. We found that LST_205437 has 502 
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non conserved amino acid residue responsible for the phenotype. We characterized 503 

newly discovered SWEET transporters, which are structurally different from its yeast 504 

counterparts. Using in silico modeling, we were able to identify key amino acid residues 505 

responsible for glucose and xylose co-transport. The discovered data could be further 506 

used for rational transporter engineering of AtSWEETs and yeast transporters to improve 507 

xylose and glucose transport characteristics. Altogether, information gathered in this 508 

study will increase the understanding of yeast hexose transporters and SWEET 509 

transporters, providing valuable information for industrial biotechnology and fundamental 510 

biology.     511 
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Figures and Table legends 668 

 669 

Fig. 1: Bioprospecting strategy implemented in this study. This figure depicts the 670 

main steps applied to identify novel xylose and glucose co-transporting transporters. a 671 

Identification transporters from emerging oleaginous yeasts Lipomyces starkeyi and 672 

Rhodosporidium toruloides. b Characterization of SWEET transporters from Arabidopsis 673 

thaliana. c Schematic fermentation profile of a sugar mixture containing glucose and 674 

xylose by the engineered S. cerevisiae. Glucose presence inhibits xylose transport 675 

leading to sequential sugar utilization. Application of the discovered transporters relief 676 

glucose inhibition of xylose transport, leading to glucose and xylose co-consumption.  677 

 678 

Fig. 2: Bioinformatics analysis for transporter identification. a Most monosaccharide 679 

transporters in yeasts have 12 TM domains (represented in blue). The conserved motifs 680 

identified in yeasts transporters are marked in orange (I-V). Motif X (marked in green) has 681 

recently been identified as a key motif involved in xylose specificity. b A phylogenetic tree 682 

of the 17 A. thaliana SWEET transporters clusters the monosaccharide and disaccharide 683 

transporters independently. c Multiple sequence alignment of putative transporters: 684 

Thr213 and Ans370 are conserved in reported glucose transporters in yeasts. 685 

 686 

Fig. 3: L. starkeyi, R. toruloides and A. thaliana SWEET transporter screening for 687 

growth on glucose or xylose. a Growth characteristics of the SR8D8 strain expressing 688 

transporters were summarized using a plot with. X axis represents the cell densities on 689 

glucose and Y axis represents the cell densities on xylose. Cell densities of the 690 
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transporter-expressing strains at  40 hrs were presented. b Growth curves of the four 691 

strains with an overexpression cassette of GAL2, AtSWEET4, AtSWEET7, or a control 692 

plasmids (SRD8) on xylose and glucose. The dots and line lines are means from 693 

duplicated cultures. 694 

 695 

 696 

Fig. 4: Glucose and xylose mixed sugar fermentation profile and inhibitory effect 697 

of glucose on xylose transport.  20 g/L of glucose and xylose mixed sugar fermentation 698 

by SR8D8 expressing ScGal2 (sequential fermentation) (a), LST1_205437 (partial 699 

cofermentation) (b), AtSWEET7 (true co-fermentation) (c). Symbols: glucose (square), 700 

xylose (triangle up), DCW (circle). Inhibitory effect of 0 mM, 25 mM and 100 mM glucose 701 

on xylose transport in SR8D8 expressing ScGal2 (d), LST1_205437 (e) and AtSWEET7 702 

(f). Global curve fitting for Michaelis–Menten kinetics with competitive inhibition was 703 

applied to data of three independent measurements at each concentration. 704 

 705 

Fig. 5: Glucose and xylose mixed sugar fermentation profile using industrially 706 

relevant sugar concentrations.  70 g/L of glucose and 40g/L xylose mixed sugar 707 

fermentation by SR8D8 expressing ScGal2 (a), LST1_205437 (b), AtSWEET7 (c). 708 

Symbols: glucose (square), xylose (triangle up), DCW (circle). The values are the means 709 

of two independent experiments, and the error bars indicate the standard errors 710 

 711 

Fig. 6: Predicted binding orientation of glucose and xylose in ScGal2 and 712 

LST1_205437. The dock poses of glucose and xylose in OF conformations for 713 
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LST1_205437 (a, c) and ScGal2 (b, d), respectively. The dock poses of glucose and 714 

xylose in IF conformations for LST1_205437 (e, g) and ScGal2 (f, h), respectively. 715 

 716 

Fig. 7: Dockposes of glucose and xylose in AtSWEET1 and AtSWEET7. The 717 

predicted binding mode of glucose and xylose in AtSWEET1 and AtSWEET7 in OF (a 718 

and d), OC (b and e) and IF (c and f) conformations. 719 

 720 

Fig. 8: Glucose and xylose mixed sugar fermentation profile of SR8D8 expressing 721 

LST1_205437 Asn365 mutant variants and glucose dockpose of LST1_205437 722 

Asn365Phe. LST1_205437 Asn365Phe mutant, LST1_205437 Asn365Ser and 723 

LST1_205437 Asn365Val. 20 g/L of glucose and xylose mixed sugar fermentation in YP 724 

medium of LST1_205437 wild type (a), LST1_205437 Asn365Phe (b), LST1_205437 725 

Asn365Ser (c) and LST1_205437 Asn365Val (d). Mutation of Asn365 to phenylalanine 726 

in LST1_205437 (e). Asn365 form crucial contact with glucose molecule in stabilize the 727 

IF state. The mutation to phenylalanine results in steric clash with substrate and affects 728 

the conformational transition to intermediate states and transport. Symbols: glucose 729 

(square), xylose (triangle up), DCW (circle). The values are the means of two 730 

independent experiments, and the error bars indicate the standard errors 731 

 732 

Table 1 Kinetic properties of ScGal2, AtSWEET7 and LST1_205437 733 

  734 
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Figures  735 

 736 

Fig. 1 737 

 738 

 739 

 740 

Fig. 1: Bioprospecting strategy implemented in this study. This figure depicts the 741 

main steps applied to identify novel xylose and glucose co-transporting transporters. a 742 

Identification transporters from emerging oleaginous yeasts Lipomyces starkeyi and 743 

Rhodosporidium toruloides. b Characterization of SWEET transporters from Arabidopsis 744 

thaliana. c Schematic fermentation profile of a sugar mixture containing glucose and 745 

xylose by the engineered S. cerevisiae. Glucose presence inhibits xylose transport 746 

leading to sequential sugar utilization. Application of the discovered transporters relief 747 

glucose inhibition of xylose transport, leading to glucose and xylose co-consumption. 748 

 749 

  750 
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Fig. 2 751 

 752 

 753 

 754 

Fig. 2: Bioinformatics analysis for transporter identification. a Most monosaccharide 755 

transporters in yeasts have 12 TM domains (represented in blue). The conserved motifs 756 

identified in yeasts transporters are marked in orange (I-V). Motif X (marked in green) has 757 

recently been identified as a key motif involved in xylose specificity. b A phylogenetic tree 758 

of the 17 A. thaliana SWEET transporters clusters the monosaccharide and disaccharide 759 

transporters independently. c Multiple sequence alignment of putative transporters: 760 

Thr213 and Ans370 are conserved in reported glucose transporters in yeasts. 761 

 762 

 763 

  764 
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Fig. 3 765 

 766 

 767 

 768 

Fig. 3: L. starkeyi, R. toruloides and A. thaliana SWEET transporter screening for 769 

growth on glucose or xylose. a Growth characteristics of the SR8D8 strain expressing 770 

transporters were summarized using a plot with. X axis represents the cell densities on 771 

glucose and Y axis represents the cell densities on xylose. Cell densities of the 772 

transporter-expressing strains at 40 hrs were presented. b Growth curves of the four 773 

strains with an overexpression cassette of GAL2, AtSWEET4, AtSWEET7, or a control 774 

plasmids (SRD8) on xylose and glucose. The dots and line lines are means from 775 

duplicated cultures. 776 

 777 

  778 
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Fig. 4 779 

 780 

 781 

Fig. 4: Glucose and xylose mixed sugar fermentation profile and inhibitory effect 782 

of glucose on xylose transport.  20 g/L of glucose and xylose mixed sugar fermentation 783 

by SR8D8 expressing ScGal2 (sequential fermentation) (a), LST1_205437 (partial 784 

cofermentation) (b), AtSWEET7 (true co-fermentation) (c). Symbols: glucose (square), 785 

xylose (triangle up), DCW (circle). Inhibitory effect of 0 mM, 25 mM and 100 mM glucose 786 

on xylose transport in SR8D8 expressing ScGal2 (d), LST1_205437 (e) and AtSWEET7 787 

(f). Global curve fitting for Michaelis–Menten kinetics with competitive inhibition was 788 

applied to data of three independent measurements at each concentration. 789 

  790 
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Fig. 5 791 

 792 

 793 

Fig. 5: Glucose and xylose mixed sugar fermentation profile using industrially 794 

relevant sugar concentrations.  70 g/L of glucose and 40g/L xylose mixed sugar 795 

fermentation by SR8D8 expressing ScGal2 (a), LST1_205437 (b), AtSWEET7 (c). 796 

Symbols: glucose (square), xylose (triangle up), DCW (circle). The values are the means 797 

of two independent experiments, and the error bars indicate the standard errors 798 

 799 

  800 



36 
 

Fig. 6 801 

 802 

 803 

 804 

Fig. 6: Predicted binding orientation of glucose and xylose in ScGal2 and 805 

LST1_205437. The dock poses of glucose and xylose in OF conformations for 806 

LST1_205437 (a, c) and ScGal2 (b, d), respectively. The dock poses of glucose and 807 

xylose in IF conformations for LST1_205437 (e, g) and ScGal2 (f, h), respectively. 808 

  809 
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Fig. 7 810 

 811 

 812 

 813 

Fig. 7: Dockposes of glucose and xylose in AtSWEET1 and AtSWEET7. The 814 

predicted binding mode of glucose and xylose in AtSWEET1 and AtSWEET7 in OF (a 815 

and d), OC (b and e) and IF (c and f) conformations. 816 

 817 

 818 

 819 

 820 

 821 

 822 
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Fig. 8 823 

 824 

 825 

 826 

Fig. 8: Glucose and xylose mixed sugar fermentation profile of SR8D8 expressing 827 

LST1_205437 Asn365 mutant variants and glucose dockpose of LST1_205437 828 

Asn365Phe. LST1_205437 Asn365Phe mutant, LST1_205437 Asn365Ser and 829 

LST1_205437 Asn365Val. 20 g/L of glucose and xylose mixed sugar fermentation in YP 830 

medium of LST1_205437 wild type (a), LST1_205437 Asn365Phe (b), LST1_205437 831 

Asn365Ser (c) and LST1_205437 Asn365Val (d). Mutation of Asn365 to phenylalanine 832 

in LST1_205437 (e). Asn365 form crucial contact with glucose molecule in stabilize the 833 

IF state. The mutation to phenylalanine results in steric clash with substrate and affects 834 

the conformational transition to intermediate states and transport. Symbols: glucose 835 

(square), xylose (triangle up), DCW (circle). The values are the means of two independent 836 

experiments, and the error bars indicate the standard errors 837 

 838 

 839 

 840 

 841 
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Table 1 Kinetic properties of ScGal2, AtSWEET7 and LST1_205437 

 

Transporter 
Glucose Xylose 

Km (mM) Vmax (nmol·min
-1

·mg
-1

) Km (mM) Vmax (nmol·min
-1

·mg
-1

) Ki (mM) 

ScGal2 1.6 ± 0.2   38.3 ± 1.4 320.5 ± 70   88.7 ± 10.0      2.4 ± 0.5 

AtSWEET7 74.1 ± 13.0 110.3 ± 7.2 308.7 ± 86 100.9 ± 14.8   370.6 ± 109 

LST1_205437 5.0 ± 1.0   47.0 ± 2.6 145.3 ± 43 76.8 ± 9.0 26.7 ± 6 

Determined by zero-trans influx measurements with transporter-overexpressing SR8D8 and calculated with cell 

wet weight. SEM is indicated.  

 

 

 

 

 


