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Cell-free in vitro translating assay

In vitro translation of G6Pase mMRNA was accomplished using input concentrations of 0, 5, 10, 15, 20
and 25 ng/uL to a Wheat Germ Extract Kit (L4380, Promega) modified with L-Azidohomoalanine
(C10102, Invitrogen), these concentrations are within the linear range for translation of G6Pase
MRNA in this system. This was followed by a click reaction with a fluorescently labeled cyclooctyne
(929-50000, LiCor), resuspended to 0.25 mM in DMSO. L-Azidohomoalanine was resuspended to
100 mM in nuclease free water. Kit components were combined into a cocktail at stock concentrations
in the following volumes: wheat germ extract 43 pL, potassium acetate 7 pL, amino acid mixture (-)
methionine 8 pL, azido homoalanine 4 pL, nuclease free water 18 pL. Reactions were initiated in a
microplate by mixing in 5 pL of mRNA to 20 pL of cell-free cocktail with a pipette. The plate was
then sealed, and reactions were allowed to proceed at room temperature for 2 hours in the dark. After
2 hours, 1 pL of fluorescent cyclooctyne was added, the plate was resealed, vortexed, spun down and
allowed to proceed for another hour. Protein products were separated on a 4-12% bis-tris gel and
visualized on the LI-COR odyssey system. Target proteins were quantified relative to a standard band
present in lysate reactions with no added mRNA.



Human [EEMEEGMNY LHDFGIQSTHYLQVNYQDSQDWF I LVSVIA NAFYVLFPIWFHLIEAVG\KLLW\IAV\GDWLNLVFKW\LFGQRPVVWUVLDTDVYSNTS 98

Western lowland gor\\la MEEGMNV LHDFGI QSTHY LQVNYGDSQDWF | VSV I ADLRNAFYVLFP IWFHL@EAVGIKLLWVAV | GDWLNLVF KW LF GORP YWWYLDTDYY SNTS gg

MEKGMBV LHDF GI Q5 THY LQVNYQDSQDWF | LV5V I ADLRNAFYVLFP IWFHLREAVGI K LLWVAV | GOWLNLVF KW LF GQRP YWWYMDTDYY SNTS 38

sumatran nranguta MEEGMNY LHDFGI QSTHY LQUNYEDSQDWF | LVSE I ADLRNAFYVLFP IWFHLBEAVGI K LLWVAV | GOWLNLVF KW LFGQRP YWWYLDTDYY SNTS 38

oquerelssﬁ)(a MEEGMNA LHDFGIQSTHYLQVNYQDSQDWF I|FVSV I ADLRNAFYVLFP IWFHLREAVGIKLLWVAV | GDWLNLVF KW LF GQRP YWWYLDTDYYSNTS 98

MEKGMBY LHDF GI Q5THY LQUNYQDSQDWF | LVSV I ADLRNAFYVLFP IWFHLREAVGI K LLWVAV | GOWLNLVF KW LF GQRP YWWYMDTDYYSNTS 38

ME@GMNA LHDFGI QSTHY LQVNYGDSQDWF | VSV I ADLRNAFYVLFP IWFHLREAVGIKLLWVAV | GDWLNLVF KW LF GORP YWWWVMDTDYYNNTS gg

earant MEEGMNA LHDFGI QSTRY LQUNYEDSQDWF | LVSV I ADLRNAFYVLFP IWFHLREAVGI KLLWVAV | GOWLNLVF KW LF GQRP YWWWYLDTDYYSNTS §g

Thirteen-| Ilnedagroun u\re MEEGMNA LHDFGIQSTRY LQVNYQDSQDWF I LVSV I ADLRNAFYVLFP IWFHLRESVGI K LLWVAV | GOWLNLVF KW LFGORP YWWVYLDTDYY SNSS 38

GMNALHDF GIQSTHYLQVNYQDSQDWF | LVSMIADLRNAFYVLFP IWFHLREAVGIKLLWVAV | GDWLNLVF KWI LF GQRP YWWVMDTDYYRNTS 38

Grizel g r [=2MEHGMNALHDFGIQSTHYLQVNYRDSQDWF | LVSV I ADLRNAFYVLFP IWFHLREAVGIKLLWVAVI GDWLNLVF KWI LFGQRP YWWWMDTDYYNNSS 98

WoodEh 1( MEEGMNA LHDFGIQSTRY LQVNYQDSQDWF | VSV I ADLRNAFYVLFP IWFHLRESVGIKLLWVAV | GDWLNLVF KW LF GORP YWWYLDTDYY SNTS 100

MEKGMN[ LHDF GI QS THY LQUNYQDSQDWF | LVSV I ADLRNAFYVLFP IWFHLREAVGI K LLWVAV | GOWLNLVF KW LF GQRP YWAYVMDTDYY SNAS 3g

Spotted?\yena MEKGMNV LHDF GI QSTHY LQVNYQDSQDWF I LVSV I ADLRNAFYVLFP IWFHLREAVGI KLLWVAV | GOWLNLVF KW LFGORP YWWYMDTDYY SNSS 38

Raccoon do MEKGMBV LHDF GI QSTHYLQVNYQDSQDWF | LVSV I ADLRNAFYVLFP IWFHLREAVGIKLLWVAV | GDWLNLVF KW LF GORP YWWYMDTDYYSNTS 38

RRG8 EEMERGUDY L HDFGIQSTHY LQUNYQDSQDWE | (VoY I ADLRNAF YW LEP IWEHUREAVGIK L LWVAY | GOWLNLVF KW LFGQRP YWIVMDTDYY SNT3 38

pine marmot MEMEEGMNALHDFGIQSTRYLQVNYQDSQDWF | LVSVIADLRNAFYVLFP IWFHLRESVGIKLLWYAV I GDWLNLVFKWI LFGQRP YWWWLDTDYYSNTS 100

Greaterbam o0 lemu MEBGMNA LHDFGI Q5 THY LQVIYQDSQDWF | LVSV I ADLRNAFYVLFP IWFHLREAVGI KLLWVAV | GOWLNLVF KW LF GQRP YWWWYLDTDYYSNTS 3g

Daurian groun[j’squ”'rei MEEGMNA LHDFGIQSTRY LQVNYQDSQDWF I LVSV I ADLRNAFYVLFP IWFHLRE[SVGIKLLWVAV | GDWLNLVF KW LFGQRP YWWYLDTDYY SNSS 38

Arctic groundgqu\n’e\ MEEGMNALHDFGIQSTRYLQVNYQDSQDWF | LVSV IADLRNAFYVLFP IWFHLREISVGI K LLWVAV | GDWLNLVF KW LF GORP YWWYLDTDYY SNSS 100

VPLIKQFPVTCETGPGSP SCHAMGTAGY Y YWMVTSTLS | FElcK KFT\’RFRCLNV\LWLGFWAVDLNVCLSF\\\’LAAHFPHDVVAGVLSG\AVAETFIH\ 98

Western lowland gnmla VPLIKQFPVTCETGPG5P SGHAMGTAGY YYVMVTSTLS | KK PTYRFRCLNV | LWL GFWAVQLNVCLSR I YLAAHFPHQVVAGVMSGIAVAETFSHI 198

VPLIKQFPVTCETGPGSP SGHAMGTAGY YYVMVTSTLS| RKRPTYRFRCLN/IELWL GFWAVQLNVCLSRIYLAAHFPHOVVAGVLSGIAVAETFRHI 198

Sumatran oran VP LIKQFPVTCETGPGSP SGHAMGTAGY YYVMVTSTLS | KKKPTYRFRCLNV | LWL GFWAVQLNVCLSR | YLAAHFPHQVVAGVLSGIAVAETFEHI 198

c@qugmsgfqﬁ VPLIKQFPVTCETGPGSP SGHAMGEAGY Y YVMVTSTLS | KKRPTYRFRCLN/I | LWLGFWAVQLNVCLSRIYLAAHFPHOVIBGVLSGIAVAETFRHI Tog

VPLIKQFPVTCETGPGSP SGHAMGTAGY YYVMVTSTLS| REKRPTYRFRCLN ELWL GFWAVQLNVCLSRIYLAAHFPHQVVAGVLSGIAVAETFRHI 198

nda VPLIKQFPVTCETGPG5P SGHAMGTAGY YYVMVTSTL | KKKPTYRFRCLN | LWLEFWAVQLNVCLSRIYLAAHFPHOVVAGVLSGIAVAETFRHI 198

mall- eared Siago VPLIKQFPBTCETGPGSP SGHAMGTAGY YYVMVTSTLS | KKRMTYRFRCLNV | LWLGFVBVQLNVCLSRIYLAAHFPHOVVAGVLSGIAVAETFRHI 198

Thirteen-| Ilned ground squirrel VPLIKQFPVICETGPGSP SGHAMGT STLSI KEKPTYRFRCLNV | LWL GFWAVQLNVCLSR I YLAAHFPHQVVAGVLSGIAVAETFHHI 198

Sea otter VPUKQFPVTCETGPGSPSGHAMGTAGVYYVMVTSTLI\ KRKPTYRFRCLNVELWL GFWAVQLNVCLSRIYLAAHFPHOVVAGVLSGIAVAETFRHI Tog

Grizzl car VPLIKQFPVTCETGPGSP SGHAMGTAGY YYVMVTSTL | KKKPTYRFRCLNV | LWLAFWAYQLNVCLSRIYLAAHFPHQVVAGVLSGIAVAETFRHE 198

dv VP LIKQFPVTCETGPG5P SGHAMGTAGY YYVMVTSTLS | KEKPTYRFRCLNV | LWL GFWAVQLNVCLSR I YLAAHFPHOVVAGVLSGIAVAETFHHI 200

VPUKQFPVTCETGPGSPSGHAMGTAGVYYVMVTSTLgI KKKPTYRFRCLNV | LWLGFWAVQLNVCLSRIYLAAHFPHOVVAGVLSGIMVAETFRHI 198

Spotted?\yena VPLIKQFPVTCETGPGSP SGHAMGT. YVMVTSTL KKKPTYRFRCLNV | LWL GFWAVQLNVCLSRIYLAAHFPHQUVAGVLSGIMVAETFRHI 198

Raccoo do VPLIKGFPVTCETGPGSP SGHAMGTAGY YYVMVTSTLS| RKRPTYRFRCLN/IELWL GFWAVQLNVCLSRIYLAAHFPHOVVAGVLSGIAVAETFRHI 19g

ngo VPLIKQFPVTCETGPGSP SGHAMGTAGY YYVMVTSTLS| REKRPTYRFRCLNILLWLGFWAVQLNVCLSRIYLAAHFPHQVVAGVLSGIAVAETFRHI 198

Alpine marmat VP L1 KQF PYT CETGPGS P SCHAMGT AGY Y TVMVTSTL S | KEKPTYRFRCLNV I LWL GFWAVQLNVCLSR I YLAAHFPHQVVAGVLSGIAVAETFHHI 200

Great B lemur VPLIKQFPVTCETGPGSP SGHAMGBAGY YYVMVTSTLS| KEKPTYRFRCLNII | LWLGFWAVQLNVCLSRIYLAAHFPHQVVAGVLSGIAVAETFRHI 198

Daurian groun squlrre1 VPLIKQFPVTCETGPGSP SGHAMGTAGY YYVMVTSTLS| KEKPTYRFRCLNV | LWL GFWAVQLNVCLSR I YLAAHFPHQUVVAGVLSGIAVAETFHHI 198

‘Arctic ground squirrel VPLIKQFPVTCETGPGSP SGHAMGTAGY Y TVMVTSTLSI KEKPTYRFRCLNV I LWLGFWAVQLNVCLSRIYLAAHFPHOVVAGVLSGIAVAETFHHI 200

IS\YNASLKKYFL\TFFLFSFA\GFYLLLKGLGVDLLW‘F RWCEHEP EWVH I DTTPFASLLKNLGT LFGLGLALNSSMYRE SCKGKL SKWLPFRL 98

Western |uw|annggrﬁa SIYNASLKKYFLITFFLFSFAIGFYLLLKGLGVDLLWT LEKABRWCEHQP EWVH IDTTPFASLLKNLGT LFGLGLALNSSMYRE SCKGKL SKWLPFRL 33

051 YNASLKKYFLITFFLFSFAIGFYLLLKGLGYVDLLWT LEKARRWCERP EWWH IDTTPFASLLKNVGT LFGLGULN 55MYRE SCKGKL SKWFPFRL 98

sumatran oran f HSIYNASLKKYFLITFFLFSFAIGFYLLLKGLGVDLLWT LEKAGRWCERP EWVH IDTTPFASLLKNLGT LFGLGLALN SSMYRE SCKGKL SKWLPFRL 98

Coq uerelsg¥ﬁ RG | YNASLKKYFLITFFLFSFAIGFYLLLKGLGVDLLWT LEKAKRWCHRP EWIIH I DT TPFASLLKNLGT LFGLGLALN SSMYRESCKGKL RL 98

QS| YNASLKKYFLITFFLFSFAIGFYLLLKGLGVDLLWT LEKARRWCERP EWVH IDTTPFASLLKNVGT [FGLGUALN S5MYRE SCKGKL SKWEPFRL 98

8 e rnuasiekyeriTEFLESEA [GEY L KGLGVDLLWT L EKARRWCHRb EWVH DT TPFASLLKN]GT LEGLGEALNSSMYRE SCEGRL ] 38

mall- eared Saago 051 YNASLKKYBL I TFFLFSFAIGFYLLLKGLGVDLLWT LEKAKRWCERP EWWH IDTTPFASLLKNLGT LFGLGLALN SHMYRE SCKGKL SKWLPFRL 98

Thirteen-| Ilned ground squirtel RSIYNASLKKYFLITFFLFSFA|GFYLMLKGLGVDLLWT LEKAKRWCHRP EWVH IDTTPFASLLKNLGT LFGLGLALNSSMYRE SCRGSL SKWLPFRL 93

53 n @s!yNASLKKYFLMTEE LEBEA |GEY LLLKBLGYDLLWTLEKAKRWOHRP EWVH I DT TREASLLKNMGT LEGLGLALN SSMYRE SCKCKRSKWRP T R LI 98

Grizz r @51 YNASURKYFLITEFLFSFAIGFYLLLKGLGVDLLWT LEKAKRWCHR) EWUH\DTTPFASLLKNLGTLFGLGLALNssMYREscKG!lexF RY 98

d‘é 5( RSIYNASLKKYFLITFFLFSFAIGFYLMLKGLGVDLLWT LEKAKRWCHRP EWWHIDTTPFASLLKNLGT LFGLGLALN ESCRGSL 5K RL 50

M li QS\YNASLKKYFL\TFFLISFA\GFVLLLKGLGVDLLW‘F EKAKRWCHRP EWVH DT TPFASLLKNVGT LFGLGLALN SEMY! KGIL SKEFPFRL 98

Spoltedh Q2 YNASLKKYFLITFFLESFA | GFY CLLKGLGYDLLWT L EKAKRWCHRPEWVH | DT TFFASLLKNVGT LF GLGLALN SoM YR E SCKGAL SKWLPFRL 93

i eoon dbg @5 1¥NASLKKYFL I TFFLFSFA [GFY [ LLKGLGVDLLWT [ EKARRWCHRP EWVH DT TPFASLLK LFG 55MYRE SCKGKL 5K RL 93

ingd @51 YNASLKKYFLITFFLFSFAIGFYLLLKGLGVDLLWT LEKARRWCERP EWVH IDTTPFASLLKNVGT LFGLGMALN SSMYRE SCKGKL SKWFPFRL 98

rmot MS | YNASLKKYFLITEFLESEA | GEY LBLKGLGVDLLWT LEKARRINCHRP EWVH | DTTPFASLLKNEGT LEGLGEALN SSMYRE SCRGRL SCWEPF R L 00

Greaterbéjmnboo?emur QB | YNASLKKYFLMTFFLFSFAIGFYLLLKGLGVDLLWT LEKAKRIBCERP EWIIH IDTTPFASLLK LFG MY@E SCKGKLMRWL PFRL 98

Daurian groun RS IYNASLRKYFCITEFCFSFA | GFy LWLKGLGVDLLWT LEKAKRWCHRP EWAH DT 1PFASLLKNLGT L GLGLALNSSMYRE SCRGSLSOWLbF AL 93

Arctic groun samrre RSIYNASLKKYFLITFFLFSFA|GFYMLKGLGVDLLWTLEKAKRWCHRP EWVH IDTTPFASLLKNLGT LFGLGLALNSSMYRESCRGSL SKWLPFRL 00

IVASLEL LH FDSLKPPSDVELIFYVLSF(KSQIVPLASVSVIPY(L:IVLGQPHKKSL 57

Western Iowland“‘gor\ﬁa IVASLVL LHMFDSLKPPSOVE LMF YV L SFCKS. VLGOPHKKSL 57

IVMSLILLHLEDSLKRPSOREL IFYILSEC AVPLAsvsLlPYCLARVIDOPuK SL 57

sumatran mngmﬁ IVASLILLHLFDSLKPPSQVE LMFYVLS S@IPYCL QPHKKS 57

Coq uerels itaka \HASLVLLHLFDSLKPPSO\EL\FYILSFCKSAA LASVSMIPYCLARVLGOPHKKSL 57

INMSLILLHLFDSLKPPSQEEL | FYTLSFCKSAAY VSLIPYCLARVLUBQPDKKSL 57

8& \VVSL\LLHLFDSLKPPSDVEL\FYILSF(KSAAVPLASVSLIPY(LAHVLGUPDKKSL 57

a\a IVASLMLLHLFDSLKPPSQIEL IFYJILSFCKSATVPLASVSMIPY CLARVLGOSHK KL 57

Thirteen-| Ilnedagmun my—e IVTSLILLHLFDSLKPPSQIEL IFYVLSFCKSMTVPLASVSL IPY CETRELGOSHKKSL 57

IVASLILLHLFDSLKPPSQVEL |FYVLSFCKSAAVPLASVSLIPYCLARVLGOPDKKSL 57

C:nzz be r IVMSLILCLHLFDSLKPPSOVEL I FYBLSFCKSAAVPLASVSL IPYHLARVLGQPDKKSL 57

Weodth 5( IMTSLILLHLFDSLKPPSQIEL IFYVLSFCKSMTVPLASVSL IPYCITRIELGOSHKKSL 59

Meer] IMVSLILLHLFDSLKPPSQIEL IFYVLSFCKSAAVPLASVSL IPYCLARVLGOPDKKSL 57

Spotted hyena |VMSLILLHLFDSLKPPSQIEL IFYJLSFCKSAAVPLASVSLIPYCLARVLGOPDKKSL 57

Raccoon d G |V¥SLILLHLFDSLKPPSONEL IFYTLSFCKSAAVPLASVSLIPYCLARVLDQPDKKSL 57

dm @ | VMSLILLHLFDSLKPPSOTEL IFYTLSFCKSAAVPLASVSLIPY CLARVEDOPDKKSL 57

i t IMTSLILLHLFDSLKPPSQIEL IFYVLSFCKSMTVPLASVSL IPYCITRILGOSHKKSL 59

00 TomUE | VASLWL CHLFDSUKPPSOIEL | FYVLSFCKSAAYPLASYSW I PYCLARYLGOPHKKSL 57

ha m roun E uirre| |VISLILLHLFDSLKPPSGIEL IFYVLSFCKSMTVPLASVSLIPY CIETRNLGOSHKKSL 57

DapTan ground squine JVESLILLHLFDSLKPPSQIEL IFYVLSFCKSMIVPLASVSLIPYCITRILGOSHKKSL | , 59
0 20 40 60 80 100

Supplementary Figure 1. Alignment of the amino acid sequences of some mammalian
G6Pase-a. Note that Glutamine (Q) at positions of 139 or 247 and Serine (S) at position 298
(boxed) is only found in primates, while Arginine (R) and Cysteine (C) are consensus residues
found in all other mammalian species as shown here. Residues at non-conserved positions are
highlighted in color. The uniprot entry names for mammalian G6Pase-a sequences used for
alignment are listed below in supplementary table 1 below.

Supplementary table 1. The uniprot entry names for the mammalian G6Pase-a sequences used for
alignment analysis in supplementary Fig. 1

Uniprot Entry Name Organism

G6PC1_HUMAN Homo sapiens (Human)

G3RX42_GORGO Gorilla gorilla gorilla (Western lowland gorilla)

G6PC1_CANLF Canis lupus familiaris (Dog) (Canis familiaris)

AOA2J8REQ8_PONAB Pongo abelii (Sumatran orangutan) (Pongo pygmaeus abelii)
AOA2K6GRZ5_PROCO Propithecus coquereli (Coquerel's sifaka) (Propithecus verreauxi coquereli)
AOA3Q7RKW3_VULVU Vulpes vulpes (Red fox)

D2I4E4_AILME Ailuropoda melanoleuca (Giant panda)

HO0X0J7_OTOGA Otolemur garnettii (Small-eared galago) (Garnett's greater bushbaby)
1I3MW65_ICTTR Ictidomys tridecemlineatus (Thirteen-lined ground squirrel) (Spermophilus tridecemlineatus)
AO0A2YI9K1A4 ENHLU Enhydra lutris kenyoni (Sea otter)

AOA3Q7WTZ1_URSAR Ursus arctos horribilis (Grizzly bear)

AOA5E4BIR5_MARMO Marmota monax (Woodchuck)

AO0A673V4HO_SURSU Suricata suricatta (Meerkat)

AOA6G1AE98 CROCR Crocuta crocuta (Spotted hyena)

AO0A811XWX0_NYCPR Nyctereutes procyonoides (Raccoon dog) (Canis procyonoides)
AOA8COR019_CANLU Canis lupus dingo (dingo)

AOABC5YUE9_MARMA Marmota marmota marmota (Alpine marmot)

AOABC8YTA4_PROSS Prolemur simus (Greater bamboo lemur) (Hapalemur simus)
AOABCIPSF2_SPEDA Spermophilus dauricus (Daurian ground squirrel)

AO0ABD2HFRO UROPR Urocitellus parryii (Arctic ground squirrel) (Spermophilus parryii)
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Supplementary Figure 2. Protein expression of hG6Pase-a and its variants analyzed by the cell-free
in vitro translational assay. The assay was performed in an in vitro cell-free translation system
containing wheat germ cell lysates, hG6PC mRNA variants, mixture of amino acids needed for protein
translation with azidohomoalanine (AHA) as a surrogate for methionine. The newly synthesized proteins
were separated by SDS-PAGE, visualized, and quantified as described in methods section. Each variant
was run in triplicate and normalized to WT and averaged. Data were shown as percentage of Plotted
average values and standard deviation were then calculated from the five normalized averaged levels.
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Supplementary Figure 3. Predicted topology (A) and AlphaFold structure model (B) of hG6Pase-a.
with annotation on locations of cysteine residues. A Topological analysis shows that hG6Pase-a is a
nine-transmembrane spanning enzyme anchored in the ER membrane. Blue dots: residues directly
involved in enzymatic activity. Red dot: location of S298C substitution. Black dots: location of other
cysteine residues. B Predicted 3D structure model of hG6Pase-a by AlphaFold. The locations of active
sites, S298, and other cysteine residues are labeled in this model. The model is available at
https://alphafold.ebi.ac.uk/entry/P35575.



https://alphafold.ebi.ac.uk/entry/P35575

