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tr|Q8T6T9| —---MCSYIKETHMQSKVYMEGKVNDHNFRCTAEGKGEPYRGSQSLTITVTEGPLPFAFDILSHAFRYGNKVF AKYPKDHP--DFFKQSLPEGF TWERVSNYEDGGVLTVKQETSLEGDCII
tr| Q8TSE?| MYPWIKETMRSKVYMEGDVNNHAFKCTAVGEGKPYKGSQDLTITVTEGPLPFAFDILSHAFQYGNRKVF TDYPDDIP--DFFKQSLSDGF TWRRVSXYXXGGVLTVTQDTSLKGDCIT
tr|Q9GPI6| ---MYPSIKETMRVQLSMEGSVNYHAFKCTG, GKPYEGTQSLNITITEGPLPFAFDILSHAFQYGIKVFAKYPKEIP--DFFKQSLPGGFSWERVSTYEDGGVLSATQETSLQGDCII
sp|Q95W1il| ---MAGLLKESHMRIKIVMEGTVNGYHFKCEG GNPYEGTQNMRIRVTEGPLPFAFDILSPCCAYGSKTF IKHTSGIP--DYFKQSFPEGFTWERTTIYEDGGVLTAHQDTSLEGNCLN
tr|Q9GPIS| ---MASFLRKKTMPFRTTIEGTVNGHYFKCTG! NPF QEMKIEVIEGPLPFAFHILSTSCHMYGSKTF IKYVSGIP--DYFKQSFPEGFTWERTTTYE FLTAHQDTSLDGDCLV
sp|Q8ISF8| ---MNSLIKENMRMMVVHMEGSVNGYQFKCTGEGDGNPYMGTQTHRIKVVEGPLPFAFDILATSFMYGSKTF IKHTKGIP--DFFKQSFPEGFTVERVTRYEDGGVF TVMQDTSLEDGCLY

tr|Q9BLZ0| NVLKNTGLKEIMSAKASVEGIVNNHVFSMEG
tr|Q9BLYS9| QILKNTCLQEVMSYKVNLEGIVNNHVFTHEG

“KGNVLF GNQLMQIRVTKGPLPF AFDIVS IAFQYGNRTF TRYPDDIA--DYFVQSFPAGFF YERNLRFEDGAIVDIRSDISLEDDKFH
GNILFGNQLVQIRVTKGPLPFAFDIVSPAFQYGNRTF TKYPNDIS--DYF IQSFPAGFMYERTLRYEDGGLVE IRSD INL IEDKFV
tr|Q96319| --LAKLGLKEVMPTKINLEGLVGDHAFSMEGVGEGNILEGTQEVKISVTKGPLPFAFDIVSVAFSYGNRAYTGYPEEIS--DYFLQSFPEGF TYERNIRYQDGGTAIVKSD ISLEDGKF I
tr|Q8MMAl| ----VNGIAEEMKTDLIMEGIVNGHSFTIEGKGTGYXYKGDQFMKLEVVKGPLPFSFDILTTAFMYGHNRVF TKYPSNIP--DFFKQTFPEGYHUERIMPFEDQAVCTVTSHIRLEEMRFV
©r|QSMMAZ| ESSFTNGIAEEMKTRVHLEGTVNGHSF TIKGEGRGYPYKGEQFHSLEVVIG PLPFSFDILTPAFHYHNRVFTKYPPNIP--DYFKQTFPEHYHUERNIPFEDQAACTVTSHIRLEE RFV
Sp|Q95P04| ----MSVILKQNTYKVYMSGTVNGHYFEVQG!
tr|Q9GTI7| MSCSKNVIKEFMRFRVRMEGTVNGHEFEIKG!
Sp|Q9U6Y7| MSCSKSVIKEEMLIDLHLEGTFNGHYFEIKG!
tr|Q8I6J8| ----MSLIKPEMKIKLLMEGNVNGHQFVIEG

vKQSHDLVVKEGPLPFA DILTTAFHYUNRVFAKYPDHIP--DYFKQSFPKUFSUERSLHFEDGGVCIATNDITLKUDTFF

tr|Q8TSF1| —HSVIKSVHKIKLRHEwSVNHHHFVIVHEHEHKP" QSMDLTVKEGPLPFAYDIMNTTVFHYGNRVF AKYPKHIP--DYFKQMFPEEYSWERSMNFEGGGICTARNEITMEGDCFF
tr|Q8MU48| ----MSMIKPEMKIKMRMDGAVNGHKFVITG QTMNLTVIDGPLPFAFDILTTAFDYGXRVF AKYPEDIP--DYFKQSFPEGFSWERSMTYEDGGICIATNDIKMEGDCFS
tr|Q95VTO| ----MSVIKPDMKIKLRMEGAVNGHKFVIEG QSMDLTVIEGPLPFAYDILTTVFDYGNRVF AKYPQDIT--DYFKQTFPEGYFWERSMTYEDQGICIATND ITMMKDCFV
tr|Q963F5| ----MSVIKPIMEIKLRMQGVVNGHKFVIK QTINLTVKEGPLPFAYDILTSAFQYGNRVF TKYPDDIP--DYFKQTFPEGYSWERIMAYEDQSICTATSDIKMEGDCFI
tr|Q95UA7| ----MSVIKSVMKIKLRMDGIVNGHKFMITG HTIILKVKEGPLPFAYDILTTAFQYGNRVF TKYPKDIP--DYFKQSFPEGYSWERSMTFEDQGVCTVTSDIKLEGDCFF

Sp|QOUEY3| “LTTH“VIKPDHKIKLKHE”NVN”HPFVIE“E“E“KPYD“THTLNLEVKE’PLPFSYDILSNAFQY‘NRALTKYPDDIA——DYFKQSFPE“YSUERTHTFEDK“IVKVKSDISHEEDSFI
tr|Q8MU46| ----MNALQEEMKIKLTHMVGVVNGQSFKID GKPYEGSQELTLKVVEGPLLFSYDILTTIFQYGNRAFVNYPKDIP--DIFKQTCSGGYSWQRTMTYEDGGVCTATSNVSVVGDTFN
tr|Q8TS5F3| RAGMK--VKEHMKIKLRMGGTVNGKHFAVNGTGDGYPYQGKQILKLIVEGSPLPFAFDILSAAFQYGNRAFTEYPTEIA--DYFKQSFEEGFSWERSFTFEDGAICVATND ITMVGGEFQ
tr|Q8TS5F0| SAGKKNVVKDFMKITLRMDGAVNGKPFAVNG QSLKLTVDGNPLPFAFDILSAAFQYGNRAFTEYPKEIS--DYFKQSFEEGF TWERSFTFEDGAICVATND IKMVGDEFQ
tr|Q8T4U4| MAHSKHGLTDDMTMHFRMEGCVDGHKFVIEGNG QF INLCVIEGPLPFSEDILSAAFDYGNRLFTEYPEGIV--DYFRKNSCPAGYTWHRSFRFEDGAVCICSADITVNVNCIY
sp|Q9U6Y6| MALSNKFIGDDMRMTYHMDGCVNGHYFTVKG QTFKVTHANGPLAFSFDILSTVFKYGNRCFTAYPTSMP--DYFKQAFPDGMSYERTF TYEDGGVATASWEISLKGNCFE
sp|P42212| MSKGEELFTGVVPILVELDGDVNGHKFSVSG! YGRLTLKF ICTTGKLPVPWPTLVTTFSYGVQCFSRYPDHMKQHDFFKS AMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLY
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tr|Q8T6T9| CKIKAHGTNFPADGPVMQKRTNGWEPSTETVIPRGGILMRDVP ALKLLGNKGHLLCVME TTYKSKK----K-VNLPKPHF HELRMEKDSVSDDEKT- IEQHENVRAS YFN-DSGK-——
tr|Q8TSE?| CNIKVHGTNFPENGPVMQNKTDGVEPSTETVIPQDGIVAARSPALRLR-DKGHLICHMETTYKPNK--~-~E-VKLPELHF HHLRHEKLSVSDDGKT- IKQHE YWV AS YSK-VPSKIGR
tr|Q9GPI6| CRVKVLGTNFPANGPVMQKKTCGWEPSTETVIPRDGLLLRDTP ALML A-DGGHLSCFMETTYRSKK----E-VKLPELHF HHLRMEKLNISDDWKT-VEQHESVVAS YSQ-VPSKLGH
sp|Q95W11| YKVKVLGTNFPADGPYMKNISGGWEPCTEIVYQDNGLRGRNVMALKVS-GRPPLICHLHS TYRSKK--ACA-LTMPGFHF ADLRIQMPKKK-KDEV-FELYEASVARYSD-LPEKAN-
tr|QIGPIS| YKVKILGNNFPADGPVHQNKAERVWEPATEILYEVDGLRGQSLMALKRCP-GGRHELTCHLHESTYRSKKP-AS A-LKMPGFHF GDHRIE INEEVEKGKC-YRKQYEAAVARYCDALPSKLGH
sp|QBISFS| YHAKVTGVNFPSNGAVMQKKTKGWEPNTEMLYPADGLRGYSQMALNVD YLSCSFETTYRSKKT-VEN-FKMPGF HFVDHRLERLEESDKEMF ~VVQHEHAVAKFCD-LPSKLGR
tr|Q9BLZO| YRVEYRGNGFPSNGPVMQRAILGMEPSFEVVYMNSGLVGEVDLVYKLE-SGNYYSCHMKTF YRSKG-~~GV-KEFPEYHF IHHRLEKTYVEEGS-F-VEQHETATAQLTT-IGKPLGS
tr|Q9BLY9| YRVEYKGSNFPDDGPVMQKTILGIEPSFEAMYMNNGLVGEVILVYRLN-SGKYYSCHMRTLMRSKG-~-~VV-KEFPSYHF IQHRLEKTYVEDGG-F-VEQHETAIAQMTS-IGKPLGS
tr|Q963I9| VNVDFKAKDLRRMGPVMQQD IVGHMQPSYESMYTNVTVIGECIIAFKLQ-TGKHF TYHMRTVYRSKK-~-PV-ETHPLYHF IQHRLVKTNVD TASGY-VVQHETATARHST- IKKIEGS
tr|Q8MMA1| DNVKFHCVNFPPNGPVMQRKIMRVEPSTENMYPRNGL YYQAEHKSIVEGKG-SIS-~--MPDFHF IDHRIMITNHDED Y TN-VELREVAL ARYSTLPPI-——~
tr|Q8MMA2| NNVRFHCVNFPPNGPVMQRRILKVEPSTENIYPRDGL GYYRAEFKSTYKGKT-PVRD---MPDFHF IDHRIEITEHDED Y TN-VELHDVSWARYSMLP TH-~——
sp|Q95P04| YNVKFSGLNFPPNGPVMQRKTQGWEPNTERLF ARDGL HYLCEFRSTYKAKKP-VK-~---MPGYHYVDRKLDVTNHNIDYTS-VEQCEIS I AR-KPVVA-———~
tr|Q9GTJI7?| YEVKFIGVNFPSDGPVMQRRTRGUEASSERLYPRD HYLVEFKSIYMVKKPSVQ----LPGYYYVDSKLDMTSHNED Y TV-VEQVEKTQGRHHPF IKPLQ-~
sp|Q9U6Y?| YDIKFTGLNFPPNGPVVQRKTTGWEPSTERLYPRDGL HYACDIKTVYRAKKAALK-—---MPGYHYVDTKLV IWNNDKEF MK-VEEHE I AV ARHHPF YEPKKDK
tr|Q8I6J8| NKVRFDGVNFPPNGPYMQKKTLKWELSTEKMYLRDGL SDVHYRCDFRTTYKSRQEGVK----LPGYHFVDHC IS ILRHDKD YNE-VKL YEHAV AH-SGLPDNVK-~
tr|Q8TSF1| NKVRFDGVNFPPNGPVMQOKKTLKVEPSTERMYVRDGL HYRCDFRTTYRAKKKGVK-~---LPDYHFEDHS IE ILRHDKE Y TE-VKL YEHAE AH-SGLPRVAR-~
tr|Q8MU48| YEIRFDGVNFPANSPVMQKKTVKVEPCTXEMYVRDGLKG GHFRCDLKTTYKAKK-VVQ----MPD YHFVNHRLE I TWHDED YNN-VKLSEHAE AH-SGLPRQAK-—
tr|Q95VTO| YKIRFDGVNFPANGPVMQRKTLKVEPSTEINYARDGL HYRCDFKTTYKAKK-VVR----LPDYHFVDHRIE IVSHDKD YNK-VKL YEHAE AX-XGLSRKAK--
tr|Q963F5| YEIQFHGVNFPPNGPVMQKKTLKWEPSTERKMYVRDGLKGDVNMALLLE-GGGHYRCDFRS TYKAKK-RVQ--~~LPDYHFVDHRIE ILSHDND YNT-VKLSED AEARYSHLPSQAR-—~
tr|Q9SUA?| YEIRFYGVNFPSSGPVMOKKTLKWEPSTENMYVRDGL ;DKHHRCHFRS TYGAKK-GVV—---~-LPEYHFVDHRIE ILSHDKD YNT-VEVYENAVARPSMLPVKAK-~
sp|Q9U6Y3| YEIRFDGMNFPPNGPVMQRKTLKWEPSTEIMYVRDG GHYRCDFKS I YRKAKK-VVK----LPDYHFVDHRIE ILNHDKD YNK-VTL YENAVARYSLLPSQA-~—
tr|Q8MU46| YEIHFMGANFPPNGPVMQRRTVKVEPSXEIXFERDGLRGDVPHSLLLK-GGDHYRCDFKTIVKPNR-RVK-~-~LPGYHFVDHC IETKSQEND YNN-VALFED AVAHYSPLEKRSQAK
tr|Q8TSF3| YDIRFDGLNFPXDGPVMQRKTVKWEPSTE IMYMQNGLKGEVNMALLLX-DKSHYRCDLRTTYRAKN-NVP-~-HPPGYHYVDHC IEILEERKDH-~~VKLREHAKARSSLSPTS AKER
tr|Q8TSFO| YNIRFDGVNFPEDGPVMQKRTVRVEPSTE IMRVQGGLKGEVNMALLLK-DKSHYRCDFRTTYKAKN-PVPP-TALPXYHYVDHC IEITEENRDY---VKLQE Y AKARSGLELPELQR~
tr|Q8T4U4| HESTFYGVNFPADGPVMKKMTTNVEPSCEKIIPINSLKGDVSMYLLLK-DGGRYRCQFDTIYKARTEPKE-~~~-MPDWHF IQHKLNREDRSD AKNQKWQLIEHATASR-SALP————-
sp|Q9U6Y6| HKSTFHGVNFPADGPVMAKKTTGUDPSFEKNTVCDGLKGDVTAFLMLQ=GGGNYRCOFHTS YKTKK=FVT===~NPPNHVVEHRI ARTDLDKGGNS=VOLTEHAVAHI TSVVFF =mmm
sp|P42212| NRIELKGIDFREDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQONTPIGDGPVLLPDNHYLSTQS ALSKDPNEKRDHMVLLEFVTAAGITHGHDELYK

£

Figure.S1 Multiple sequence alignment of 27 seed sequences of Pfam family of GFP originated from different organisms with both fluorescent and non-
fluorescent proteins. The 27 seed sequences of Pfam family of GFP were retrieved in fasta format and the multiple sequence alignment were performed in
BioEdit sequence alignment editor. The alignment was prepared with respect to GFP sequence from Aequorea Victoria (P42212).
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[ [ ] * % %k * %k e ee *
n-GFP MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTL 60
n-GFP (+15-17) MSKGEELFKGVVPILVELDGDVNGHKFSVSGEGEGDAKEGKLTLKFICEEGKLPVPWPTL 60
n-GFP (+5-6) MSKGEELFTGVVPILVELDGDVNGHSFSVSGEGNGDATYGKLTLKFICTTGKLPVPWPTL 60
* %k ] * %k * %
n-GFP VTITFGYGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLV 120
n-GFP (+15-17) VTTFGYGVQCFARYPDHMKQHDFFKSAMPEGY VQERTIFFKDDGNYKTRAEVKFEGDTLV 120
n-GFP (+5-6) VTTFGYGVQCFARYPSGMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGNTLV 120
* %k * ° * *k%k ®
n-GFP NRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLAD 180
n-GFP (+15-17) NRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLAD 180
n-GFP (+5-6) NRIELTGINFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIGNGSVQLAD 180
[ ) * *e (] * @ kk
n-GFP HYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK 238
n-GFP (+15-17) HYQKNTPIGDGPVLLPDDHYLSTRSALSKDPKEKRDHMVLLEFVTAAGITHGMDELYK 238
n-GFP (+5-6) HYQOQNTPIGSGPVLLPDNHYLSTQSALSSDPNEGRDHMVLLEFVTAAGITHGMDELYK 238

Figure.S2 Primary structures of n-GFP and its variants with mutations for surface charge variation. Red marked residues in n-GFP are the amino acids on
protein surface whose side chains are >50% exposed to solvent. The signs ‘*’ and ‘»” in n-GFP denote the 23 charged amino acids and 14 polar uncharged
residues on the surface respectively. The mutations increase or decrease the surface charge numbers are indicated green and pink in n-GFP(+15-17) and n-
GFP(+5-6) respectively.

s-GFP(+10-13) MSKGEELFTGVVPILVELDGDVNGHKFSVRGEGEGDATNGKLTLKFICTTGKLPVPWPTL 60

s-GFP (+15-17) MSKGEELFKGVVPILVELDGDVNGHKFSVRGEGEGDAKEGKLTLKFICEEGKLPVPWPTL 60

s-GFP (+5-6) MSKGEELFTGVVPILVELDGDVNGHSFSVRGEGNGDATNGKLTLKFICTTGKLPVPWPTL 60

s-GFP(+10-13) VITLGYGVQCFARYPDHMKRHDFFKSAMPEGYVQERTISFKDDGTYKTRAEVKFEGDTLV 120
s-GFP (+15-17) VTTLGYGVQCFARYPDHMKRHDFFKSAMPEGY VQERTISFKDDGTYKTRAEVKFEGDTLV 120
s-GFP (+5-6) VITLGYGVQCFARYP SGMKRHDFFKSAMPEGY VQERTISFKDDGTYKTRAEVKFEGNTLV 120
s-GFP (+10-13) NRIELKGIDFKEDGNILGHKLEYNFNSHKVYITADKQKNGIKANFKIRHNVEDGSVQLAD 180
s-GFP (+15-17) NRIELKGIDFKEDGNILGHKLEYNFNSHKVYITADKQKNGIKANFKIRHNVEDGSVQLAD 180
s-GFP (+5-6) NRIEL TGINFKEDGNILGHKLEYNFNSHKVYITADKQKNGIKANFKIRHNVGNGSVQLAD 180
s-GFP(+10-13) HYQQNTPIGDGPVLLPDNHYLSTQSVLLKDPNEKRDHMVLLEFVTAAGITHGMDELYK 238
s-GFP (+15-17) HYQKNTPIGDGPVLLPDDHYLSTRSVLLKDPKEKRDHMVLLEFVTAAGITHGMDELYK 238
s-GFP (+5-6) HYQQNTPIGSGPVLLPDNHYLSTQSVLLSDPNEGRDHMVLLEFVTAAGITHGMDELYK 238

Figure.S3 Co-introduction of stabilizing mutations along with mutations for surface charge variations into the primary structures of n-GFP rescued the
problem of protein misfolding. In s-GFP(+10-13), the amino acids highlighted in blue are the mutations which enhance folding efficiency and stability.
The mutations increase or decrease the surface charge numbers are indicated green and pink in s-GFP(+15-17) and s-GFP(+5-6) respectively.



