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GYS2_YEAST : --MSR------------------DLQNHLLFETATEV--ANRVGGIYSVLKSKAPITVAQ--YKDHYHLIGPLNKATY-QNEVDILDWKKPEAFSDEMRPVQHALQTMESRGVHFVYGRWLIEGAPKVILFDLDSV-RGYSNEWKGDLWSLVGIPSP : 131 
GYS2_DANRE : MRLSRSLSITSLSGLPLFEEESLPVEDLLLFEVAWEV--TNKVGGIYTVIQTKAKITVDE--WGENYFMMGPYYEHNF-KTQVEKCEPPNQ--------AIRAAMDSLINNGCQVHFGRWLIEGSPYVILFDIGAA-AWNLDRWKGDLWSACGIGLP : 143 
GYS2_HUMAN : MLRGRSLSVTSLGGLPQWEVEELPVEELLLFEVAWEV--TNKVGGIYTVIQTKAKTTADE--WGENYFLIGPYFEHNM-KTQVEQCEPVND--------AVRRAVDAMNKHGCQVHFGRWLIEGSPYVVLFDIGYS-AWNLDRWKGDLWEACSVGIP : 143 
GYS1_HUMAN : MPLNRTLSMSSLPGLEDWEDE-FDLENAVLFEVAWEV--ANKVGGIYTVLQTKAKVTGDE--WGDNYFLVGPYTEQGV-RTQVELLEAPTP--------ALKRTLDSMNSKGCKVYFGRWLIEGGPLVVLLDVGAS-AWALERWKGELWDTCNIGVP : 142 
GYS1_RABIT : MPLSRTLSVSSLPGLEDWEDE-FDLENSVLFEVAWEV--ANKVGGIYTVLQTKAKVTGDE--WGDNYFLVGPYTEQGV-RTQVELLEPPTP--------ALKRTLDSMNSKGCKVYFGRWLIEGGPLVVLLDVGAS-AWALERWKGELWDTCNIGVP : 142 
GYS1_YEAST : --MAR------------------DLQNHLLFEVATEV--TNRVGGIYSVLKSKAPVTVAQ--YGDNYTLLGPLNKATY-ESEVEKLDWEDESIFPEELLPIQKTLMSMREKGVNFVYGNWLIEGAPRVILFELDSV-RHFLNEWKADLWSLVGIPSP : 131 
GS_Ecoli   : ---------------------------MQVLHVCSEMFPLLKTGGLADVIGALPAAQIADGVD---ARVLLPAFP-DIRRGV--TDAQVV------SRRDTFAGH------ITLLFGHYNG----VGIYLIDAPHL-YDR---PGSP---YHDTNLF : 101 
GS_Pab     : ---------------------------MKVLLLGFE-FLPVKVGGLAEALTAISEALASLGHE---VLVFTPSHG-RFQ-------GEEI------GKIRVFGEE------VQVKVSYEER-----GNLRIYRIGGGLLDSEDVYGP--GWDGLIRK :  99 
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GYS2_YEAST : ENDFETNDAILLGYTVAWFLGEVA-HLDSQHAIVAHFHEWLAGVALPLCRKR-RIDVVTIFTTHATLLGRYLCASGSFDFYNCLESVDVDHEAGRFGIYHRYCIERAAAHSADVFTTVSQITAFEAEHL-------LKRK----PDGILPNGLNVIK : 275 
GYS2_DANRE : YHDREANDSLILGSLVAWFFKELTDQLQDKLNVVAHFHEWQAGTGLVLSRSR-NLPLATIFTTHATLLGRYLCAG-NADFYNNLDKFDIDREAGERQIYHRYCLERAAVHCAHVFTTVSQITAVEADHM-------LHRN----PDVVTPNGLNVRK : 287 
GYS2_HUMAN : YHDREANDMLIFGSLTAWFLKEVTDHADGKY-VVAQFHEWQAGIGLILSRAR-KLPIATIFTTHATLLGRYLCAA-NIDFYNHLDKFNIDKEAGERQIYHRYCMERASVHCAHVFTTVSEITAIEAEHM-------LKRK----PDVVTPNGLNVKK : 286 
GYS1_HUMAN : WYDREANDAVLFGFLTTWFLGEFLAQSEEKPHVVAHFHEWLAGVGLCLCRAR-RLPVATIFTTHATLLGRYLCAG-AVDFYNNLENFNVDKEAGERQIYHRYCMERAAAHCAHVFTTVSQITAIEAQHL-------LKRK----PDIVTPNGLNVKK : 286 
GYS1_RABIT : WYDREANDAVLFGFLTTWFLGEFLAQNEEKPHVVAHFHEWLAGIGLCLCRAR-RLPVATIFTTHATLLGRYLCAG-AVDFYNNLENFNVDKEAGERQIYHRYCMERAAAHCAHVFTTVSQITAIEAQHL-------LKRK----PDIVTPNGLNVKK : 286 
GYS1_YEAST : EHDHETNDAILLGYVVVWFLGEVS-KLDSSHAIIGHFHEWLAGVALPLCRKK-RIDVVTIFTTHATLLGRYLCAAGDVDFYNNLQYFDVDQEAGKRGIYHRYCIERAAAHTADVFTTVSQITALEAEHL-------LKRK----PDGILPNGLNVVK : 275 
GS_Ecoli   : AYTDNVLRFALLGWVGAEMAS---GLDPFWRPDVVHAHDWHAGLAPAYLAARGRPAKSVFTVHNLAYQGMFYAHHMND---IQLPWSFFNIHGLEFNGQISFLKAGLYYADHITAVSPTYAREITEPQFAYGMEGLLQQRHREGRLSGVLNGVDEKI : 252 
GS_Pab     : AVTFGRASVLLLNDLLREEPL----------PDVVHFHDWHTVFAGALIKK------------YFKIPAVFTIHRLNK---SKLPAFYFHEAGLSELAPYPDIDPEHTGGYIADIVTTVSRGYLIDEWGF--------FRNFEGKITYVFNGIDCSF : 223 
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GYS2_YEAST : FQAFHEFQN----------LHALKKEKINDFVRGHFHGCFDFDLDNTLYFFIAGRYEYKNKGADMFIEALARLNYRLKVSGSKKTVVAFIVMPAKNNSFTVEALKGQAEVRALENTVHEVTTSIGKRIFDHAIRYPHNGLTTELPTDLGELLKSSDK : 422 
GYS2_DANRE : FSAMHEFQN----------LHSMNKSKIQEFVRGHFYGHLDFNLEKTLFFFIAGRYEFSNKGADLFLESLSRLNYLLRVHKSDVTVVVFFIMPAKTNNFNVESLKGQAVRKQLWDTAQSVKEKFGKKLYESLLRG-------EIP-DMSKILDRDDF : 426 
GYS2_HUMAN : FSAVHEFQN----------LHAMYKARIQDFVRGHFYGHLDFDLEKTLFLFIAGRYEFSNKGADIFLESLSRLNFLLRMHKSDITVVVFFIMPAKTNNFNVETLKGQAVRKQLWDVAHSVKEKFGKKLYDALLRG-------EIP-DLNDILDRDDL : 425 
GYS1_HUMAN : FSAMHEFQN----------LHAQSKARIQEFVRGHFYGHLDFNLDKTLYFFIAGRYEFSNKGADVFLEALARLNYLLRVNGSEQTVVAFFIMPARTNNFNVETLKGQAVRKQLWDTANTVKEKFGRKLYESLLVG-------SLP-DMNKMLDKEDF : 425 
GYS1_RABIT : FSAMHEFQN----------LHAQSKARIQEFVRGHFYGHLDFNLDKTLYFFIAGRYEFSNKGADVFLEALARLNYLLRVNGSEQTVVAFFIMPARTNNFNVETLKGQAVRKQLWDTANTVKEKFGRKLYESLLVG-------SLP-DMNKMLDKEDF : 425 
GYS1_YEAST : FQAVHEFQN----------LHALKKDKINDFVRGHFHGCFDFDLDNTVYFFIAGRYEYKNKGADMFIESLARLNYRLKVSGSKKTVVAFLIMPAKTNSFTVEALKSQAIVKSLENTVNEVTASIGKRIFEHTMRYPHNGLESELPTNLDELLKSSEK : 422 
GS_Ecoli   : WSPETDLLLASRYTRDTLEDKAENKRQLQIAMGLKV-------DDKVPLFAVVS-RLTSQKGLDLVLEALPGLLEQ-------GGQLALLGAGD--------------------------------------------------------------- : 331 
GS_Pab     : WN-------------ESYLTGSRDERKKSLLSKFGM------DEGVTFMFIGRFDRG-QKGVDVLLKAIEILSSKK----EFQEMRFIIIGKGD--------------------------------------------------------------- : 293 
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GYS2_YEAST : VMLKRRILALRRPEGQLPPIVTHNMVDDANDLILNKIRQVQLFNSPSDRVKMIFHPEFLNANNPILGLDYDEFVRGCHLGVFPSYYEPWGYTPAECTVMGVPSITTNVSGFGAYMEDLIETNQAK--------DYGIYIVDRRFKAPDESVEQLVDY : 571 
GYS2_DANRE : TIMKRAIYATQRH--SLPPVTTHNMLDDSTDPILGNIRRIGLFNGRNDRVKIVFHPEFLSSTSPLLPMDYEEFVRGCHLGVFPSYYEPWGYTPGECTVMGIPSVTTNLSGFGCFMEEHVSDPSE----------YGIYIVDRRFRSADESCNQLTQF : 571 
GYS2_HUMAN : TIMKRAIFSTQRQ--SLPPVTTHNMIDDSTDPILSTIRRIGLFNNRTDRVKVILHPEFLSSTSPLLPMDYEEFVRGCHLGVFPSYYEPWGYTPAECTVMGIPSVTTNLSGFGCFMQEHVADPTA----------YGIYIVDRRFRSPDDSCNQLTKF : 570 
GYS1_HUMAN : TMMKRAIFATQRQ--SFPPVCTHNMLDDSSDPILTTIRRIGLFNSSADRVKVIFHPEFLSSTSPLLPVDYEEFVRGCHLGVFPSYYEPWGYTPAECTVMGIPSISTNLSGFGCFMEEHIADPSA----------YGIYILDRRFRSLDDSCSQLTSF : 570 
GYS1_RABIT : TMMKRAIFATQRQ--SFPPVCTHNMLDDSSDPILTTIRRIGLFNSSADRVKVIFHPEFLSSTSPLLPVDYEEFVRGCHLGVFPSYYEPWGYTPAECTVMGIPSISTNLSGFGCFMEEHIADPSA----------YGIYILDRRFRSLDDSCSQLTSF : 570 
GYS1_YEAST : VLLKKRVLALRRPYGELPPVVTHNMCDDANDPILNQIRHVRLFNDSSDRVKVIFHPEFLNANNPILGLDYDEFVRGCHLGVFPSYYEPWGYTPAECTVMGVPSITTNVSGFGAYMEDLIETDQAK--------DYGIYIVDRRFKSPDESVEQLADY : 571 
GS_Ecoli   : ------------------------------PVLQEGFLAAAAEYPGQVGVQIGYHEA-----------FSHRIMGGADVILVPSRFEPCGLTQLYGLKYGTLPLVRRTGGLADTVS-------DCSLENLADGVAS-GFVFED---SNAWSLLRAIR : 436 
GS_Pab     : ------------------------------PELEGWARSLEEKHGNVKVITEMLSRE-----------FVRELYGSVDFVIIPSYFEPFGLVALEAMCLGAIPIASAVGGLRDIIT---------NETGILVKAGDPGELANAILKALELSRSDLSK : 400 
                                                                                                                                                                                 
                                                                                                                                                                                 
GYS2_YEAST : MEEFVKKTRRQRINQRNRTERLSDLLDWKRMGLEYVKARQLALRRGYPDQFRELVGEELNDSNMDALAGGKK-LKVARPLSVPGSPRDLRSNSTVYMTPGDLGTLQEVN-----------NADDY----------FSLGVN---------------- : 690 
GYS2_DANRE : MFSFCQKSRRQRIIQRNRTERLSDLLDWRYLGRFYMHARHLALSRSFPEKFRPEH------LNLTSTQG----FRYPRPSSVPPSPSASIH-----STPHHSDEEDDDTYDEEEEAERDRLNIKAP---------FSVGADTDGKRTQPVENGN--- : 701 
GYS2_HUMAN : LYGFCKQSRRQRIIQRNRTERLSDLLDWRYLGRYYQHARHLTLSRAFPDKFH----------VELTSPPTTEGFKYPRPSSVPPSPSGSQA-----SSPQSSDVEDEVE------DERYDEEEEAERDRLNIKSPFSLSHVPHGKKKLHGEYKN--- : 703 
GYS1_HUMAN : LYSFCQQSRRQRIIQRNRTERLSDLLDWKYLGRYYMSARHMALSKAFPEHFT----------YEPNEADAAQGYRYPRPASVPPSPSLSRH-----SSPHQSEDEEDPRNGPLEEDGERYDEDEEAAKDRRNIRAPEWPRRASCTSSTSGSKRNSVD : 712 
GYS1_RABIT : LYSFCQQSRRQRIIQRNRTERLSDLLDWKYLGRYYMSARHMALAKAFPDHFT----------YEPHEADATQGYRYPRPASVPPSPSLSRH-----SSPHQSEDEEEPRDGLPEEDGERYDEDEEAAKDRRNIRAPEWPRRASCTSSSGGSKRSNSV : 712 
GYS1_YEAST : MEEFVNKTRRQRINQRNRTERLSDLLDWKRMGLEYVKARQLGLRRAYPEQFKQLVGETISDANMNTLAGGKK-FKIARPLSVPGSPK-VRSNSTVYMTPGDLGTLQDAN-----------NADDY----------FNLSTN---------------- : 689 
GS_Ecoli   : RAFVLWSR-PSLWRFVQRQAMAM--DFSWQVAAKSYRELYYRLK----------------------------------------------------------------------------------------------------------------- : 477 
GS_Pab     : FRENCKKR-------------AM--SFSWEKSAERYVKAYTGSIDRAFDFIL--------------------------------------------------------------------------------------------------------- : 437 
                                                                                                                                                                              
 
GYS2_YEAST : ------PAADDDDD----GPYADDS------ : 705 
GYS2_DANRE : ------------------------------- :   - 
GYS2_HUMAN : ------------------------------- :   - 
GYS1_HUMAN : TATSSSLSTPSEPLSPTSSLGEERN------ : 737 
GYS1_RABIT : DT-SSLSTPSEPLSPASSLGEERN------- : 735 
GYS1_YEAST : ------GAIDNDDDDNDTSAYYEDN------ : 708 
GS_Ecoli   : ------------------------------- :   - 
GS_Pab     : ------------------------------- :   - 
 

Supplemental Figure 1. Sequence alignment of glycogen synthase. A structure-based sequence 
alignment of the E .coli and P. abyssi glycogen synthase enzymes aligned to representative eukaryotic 
sequences. Red and blue font is used to denote residues that are conserved across species at 100% and 
75%, respectively. Residues that contribute to maltodextran binding in yeast Gsy2p are highlighted in 
yellow. The binding site to which they contribute is indicated by the green numbers above each residue. 
Residues within each site that were mutated as part of this study are indicated with an asterisk above the 
site number. The multiple sequence alignment was generated using clustalW. A structure-based alignment 
of the E. coli and yeast enzymes was generated using LSQ superpose in Coot and used as the basis to 
manually edit the multiple sequence alignment produced by clustalW using the program GeneDoc. 
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Supplemental Figure 2. Stereo diagram of the simulated annealing omit maps. Ball and stick 
representation of the bound oligosaccharides in site-1 (a), site-2 (b), site-3 (c) and site-4 (d). The electron 
density map shown is the simulated annealing omit map (contoured at 1standard deviation of the 
respective map). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplemental Figure 3

 
Supplemental Figure 3. Glycogen saturation curves for wild-type and mutant forms of Gsy2p. 
Michaelis – Menten plot of the enzyme assays for wild-type and mutant Gsy2p enzymes performed in the 
presence of 4.4 mM UDP-glucose using nine different concentrations of glycogen in the range of 0.03 – 
12 mg/ml in the absence (a) and presence (b) of 7.2 mM glucose-6-phosphate. The data points for each 
curve represent the mean values from three independent experiments where each experiment contained 
duplicate measurements at each glycogen concentration. The error bars represent the standard deviations 
for the mean values. 



Supplemental Figure 4 

 
 
Supplemental Figure 4. HPAEC analysis of the product distributions produced following incubation of 
yeast Gsy2p with maltooctaose as a substrate. Panel A -  A representative analytical trace for the HPAEC 
analysis of maltononaose production performed with wild-type Gys2p for 10 minutes at 30°C in 20 mM 
Tris, HCl, pH 7.6, 12.5 mM UDP-glucose, 50 mM maltooctaose and 1.3 µM enzyme. Panel B – A 
similar analytical trace performed using the wild-type Gsy2p enzyme for 4 hours at 30°C under the 
following conditions: 25 mM Tris-HCl pH 7.6, 12.5 mM UDP-glucose, 0.25 mM maltooctaose and 1.3 
µM of wild type Gsy2p enzyme.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 6 
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Supplemental Figure 5. Representative Western-blot demonstrating Gsy2p Expression in ∆gsy1gsy2 
yeast cells. Panel A. Yeast cell extracts expressing the wild type and mutant enzymes were analyzed for 
Gsy2p expression using anti-GFP and Hsp90 was used as the loading control. Four independent 
experiments were performed and the expression levels were corrected based on the loading controls.  
After correction for loading differences, the levels of the WT enzyme in each blot was set to 1.0 and the 
relative expression levels for the mutants were determined for each blot and then averaged across all four 
blot experiments.  The relative expression levels for the maltodextran binding site mutants was 
determined to be 0.7 ± 0.08 for the site-1 mutant (S1A3), 0.9 ± 0.09 for the site-2 mutant (S2A3), and 1.2 
± 0.16 for the site-4 mutant (S4A2). Panel B. Yeast cell extracts expressing the wild type and mutant 
enzymes were analyzed for Gsy2p expression using anti-Gsy2p and Hsp90 was used as the loading 
control. The expression levels normalized to wild-type Gsy2p with this antibody are: 0.8 +/- 0.07 for site-
1, 0.7 +/- 0.04 for site-2, and 1.3 +/- 0.21 for site-1/site-2.   
 
 
 
 
 
 
 
  



Supplemental Table 1 

Summary of Sugar polymer binding in Gsy2p structures 

 

Subunit No of ordered glucose molecules observed 

Basal state conformation Activated state conformation 

Site-1 Site-2 Site-3 Site-4 Site-1 Site-2 Site-3 Site-4 
A 4 4 - - - - 2 7 
B 4 4 - - - - - - 
C - - - - 3 - - - 
D - - - - - 4 4 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplemental Table 2 

Conformation of Oligosaccharide bound to Gsy2p 

Subunit Site Torsional angles Glycosidic angle 
φ 
O5(n+1)-C1(n+1)-O4(n) -C4(n) 

ψ 
C1(n+1)-O4(n)-C4(n) –C3(n) 

τ 
C1(n+1)-O4(n)-C4(n) 

Basal Conformation 
A-site-1    
S1-S2 75.76 88.99 117.26 
S2-S3 92.63 100.55 106.25 
S3-S4 108.09 167.14 128.75 
A-site-2    
S1-S2 94.53 103.71 110.22 
S2-S3 93.85 115.85 106.71 
S3-S4 97.91 104.31 115.24 
B-site-1    
S1-S2 80.02 86.04 114.36 
S2-S3 94.07 120.46 104.82 
S3-S4 85.68 171.96 126.08 
B-site-2    
S1-S2 84.85 97.99 107.93 
S2-S3 92.17 134.21 113.48 
S3-S4 91.15 170.30 118.91 
Activated Conformation 
A-site-4    
S1-S2 102.87 93.20 116.39 
S2-S3 117.70 108.55 114.28 
S3-S4 93.73 93.42 116.17 
S4-S5 95.00 105.24 112.52 
S5-S6 98.23 103.46 117.37 
S6-S7 112.34 101.58 117.36 
A-site-3    
S1-S2 92.57 140.06 114.91 
C-site-1    
S1-S2 78.26 86.01 112.70 
S2-S3 103.97 111.33 113.24 
D-site-2    
S1-S2 93.38 97.64 113.70 
S2-S3 114.91 110.46 111.89 
S3-S4 118.52 90.48 112.58 
D-site-3    
S1-S2 103.70 98.02 111.70 
S2-S3 107.76 125.46 114.52 
S3-S4 123.17 94.73 113.51 
 
 

 


