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Fig S1. FT-IR of membranes
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Fig S2. Nano-Al,O; doped sulfonated PVDF-co-HFP/Nafion nanocomposite membranes
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Fig S3. Cell performance at different resistances
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Table T1. A comparative study of MFCs in terms of power generation using different

membranes
MEFC Type Electrodes Used Maximum Power References
Membranes density
Dual chamber Carbon papers Nafion 117 600 mWm- 1
with oxygen flow
at cathode
Carbon Brush Glass fibers 240+22 mWm2 2
Air cathode MFC
Carbon Mesh Coated Glass 230 + 3.3 mWm™
fibers
Air cathode MFC  Carbon papers Nafion 117 239.4 mWm 3
Air cathode MFC  Carbon papers SPEEK/PES 170 mWm~2 4
Dual chamber Graphite Plates Fe304/PES 20 mWm 5
nanocomposite
Single chamber Carbon cloths GO-PVA-STA 139 mWm 6
(tubular) MFC composite
Single Carbon cloths J-cloth 280 £ 6 mWm 7
chambered MFC
Air cathode MFC Carbon cloths Nano Al,O3 541.52 £27 mWm-  Present study
doped SPVDF- 2

co-HFP/ Nafion
nanocomposite
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Fig S4. 16S rDNA sequences of employed microbes.
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Uncultured Lysinibacillus sp. partial 165 rRNA gene, isolate WAS
Sequence ID: emblHEG48059 1] Length: 320 Mumber of Matches: 1

Range 1: 1 to 320 GenBank Graphics

Score Expect Identities Gaps Strand
584 bits(316) 3e-163 320/320(100%) 0/320(0%) Plus/Plus

Query 1 CTCAGATTTATTATTCGCCACAWGRGAGCTTOCTCCTTTGACAT TAGCGGLGOACGOETG 68

CIETELEE e et e e b e L ey ety bR e it rninnl

Sbjct 1 CTCAGATTTATTATTCGCCACGWGREAGCTTOCTCCTTTGACAT TAGCGGLGOACGOETG 68

Query 61 GTAACACOTOOOCAACCTACCCTATAGTTTOGEATAALT GAAACCOGOG 1ze

IIIIII||IIII||IIIIIIIIIIIII||IIII||IIIIII||IIII||IIIII||IIII

Sbjct 61 AGTAACACOTOGECAACCTACCCTATAGTTTOROATAACTCCGEGARACCOGOGLTAATA 126

Query 121 CCGAATAATCTCTTTTGCTTCATGGTGAAAGACTGAARGACGOTTTCOGLTOTCGLTATA 18@

Sbjct 121 CCGAATAATCTCTTTTGCTTCATGOTGAAAGACTGARAGACGATTTCORCTGTCGLTATA 182

Query 181 GGATGGECCCGCGOCACATTAGCTAGTTGOTOAGOTAACGECTCACCAAGGLOACGATGL 24@

CLLRELETEEELECE e e bty b i b e e e et rninel

Sbjct 181 GGEATEGOCCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGECTCACCAMGOCOACGATGE 248

Query 241 GTAGCCGACCTGAGAGGETOATCGGCCACACTGAGACTGAGACACGOCCCAGACTCCTAC 368

. CICLELEEETRrE et e e b e et b ety b e e e it rnantl
Shjct 241 GTAGCCGACCTGAGAGGGTGATCGGCCACACTGOGACTGAGACACGECCCAGACTCCTAC 380

Query 381 GGGAGGCAGCAGTGGGACTC 32

NERNRNNRARARRRANAY
Sbjct 391 GGGAGGCAGCAGTGGGACTC 328

B Download v GenBank Graphics

Uncultured Lysinibacillus sp. partial 165 rRNA gene, isolate VA1
Sequence ID: emblHEG43060.1] Length: 319 Mumber of Matches: 1

Range 1: 1 to 319 GenBank Graphics

Score Expect Identities Gaps Strand
575 bits(311) 2e-160 319/319(100%) 0/319(0%) Plus/Plus

Query 1 CACTTACCACTCT S0AYCAGCAGHGGGEAAGCTTACTCCTTTGACGT TAGCGACGRACGEE 68

LLLLELEREEELEEEPECELELEEL LR T ERELELELLTETL T L]

Sbjct 1 CACTTACCACTCTS0AY CAGCAGHGGGEAAGCTTACTCCTTTOACGT TAGCGGCGRACGEE &8

a

Query 61  TGAGTAACACGTOGOCAACCTACCTTATAGTTTGOGATAACTCCOGOARAACCOROGCTAA 128

LLLEELEDEREEEEELECELEEEE LR ELELETEEERELELTETLTEL L]

Sbjct 61  TEAGTAACACGTOAEGCAACCTACCTTATAGTTTGEGATAACTCCAGGAMACCORGGITAA 128
Query 121 TACCGAATAATCTRTTTCACCTCATGGTGAAATATTGAAAGACGETTTCGGLTGTLGCTA  18@

LLLLELERETELLEEECECELELEL R L EEERELELETELTITL ]

Sbjct 121 TACCGAATAATCTRTTTCACCTCATGAETGAAATATTGAAAGACGAETTTCOOCTATCGCTA 188

Query 181 TAGGATOGGLCCGCGGLGCATTAGCTAGTTGGTOAGETAACGOCTCACCARGGLGACGAT 248

LLLELERCEEREEEEE R ELEE LR L EREREL LR TLTE L]

Sbjct 181 TAGGATGGEGCCCOCGGCGCATTAGCTAGTTGETGAGGTAACGGCTCACCAAGGIGACGAT 248

Query 241 AGCCEACCTGAGAGEETGATCAECCACACTGOGACTGAGACACGEC CCAGACTCCT 38

III|II|IIII|I||I|III[|I||III|I||I|IIII|II|IIII|[||III|I||I|I

Sbjct 241 GCGTAGCCGACCTGAGAGGAETGATCAGCCACACTERGACTGAGACACGGCCCAGACTCCT 308

Query 381 ACGGLAGGCAGCAGTGGGA 319

Sbjct 301 ACGEGAGGCAGCAGTGGGA 319
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Uncultured bacterium partial 165 rRMNA gene, isclate VA3
Sequence ID: emblHF548664 1| Length: 322 Number of Matches: 1

Range 1: 1 to 322 GenBank Graphics

Score Expect Identities Gaps Strand
573 bits(310) 7e-160 322/322(100%) 0/322(0%) Plus/Plus

Query 1 ATGCAGATTGCCTCOCTCWGATCGCAGAGRGARCTTGCTCCTTTGACGTTAGCGGCGGAC 68

. ERLEELETREEE L ERE R R LR T e EL LR E e e e
sbict 1  ATGCAGATTGCCTCGCTCWGATCGCAGAGRGARCTTGCTCCTTTGACGTTAGCGGCGGAL 60

Query 61 GOTGAGTAACACGTGGECMAYCTACCTT TCCGOGAAACCGEG 1z2@

IIII|I||I|IIII||||IIII|I[||I|IIII||||IIII|I||I|II|II||||IIII

Sbjct 61 GOTOAGTAACACETGGECMAYCTACCTT CCOOGAAALCCAG 12@
Query 121 TAATACCGAATAATCTRTTTCACCTCATGGTGAAATATTGAAAGACGGTTTCGGCTGTCG 18@

LULDERELET R R R e LR R T L R ELELELEETETEr it

Sbjct 121 TAATACCGAATAATCTRTITTCACCTCATGOTGAAATAT TGAAAGACGRTTTCGGCTGTCG 18@
Query 181 CTATAGGATGGGECCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGAC 24@

Sbjct 181 CTATAGGATGGGCCCOCGGCOCATTAGCTAGTTGGTGAGETAACGGCTCACCAAGECGALC 248
Query 241 GATGCGTAGCCGACCTGAGAGEETGATCGGCCACACTOOGACTGAGACACGGLCCAGACT 38@

Sbjct 241 GATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTOGRACTGAGACACGACCCAGACT 38@
Query 381 CCTACGGGAGGCAGCAGTGGGA 322

Sbjct 381 CCTACOOGAGOCAGCAGTGGGA 322




Phylogenetic tree based on 16S rDNA sequences of Lysinibacillus species (A,B and C) with
closely related species using neighbor joining alignment

A- Acc. No.HE648060

Bacteria

4ﬁrmicu?es | 50 leaures
&

| 00007 |

uncultured bacterium parfial 165 rRMA gene, isolate LAS
@ uncultured Lysinibacillus sp. parial 165 rRrA gene, isolate a1

@uncultured Lysinibacillus sp. parial 165 rRMA gene, isolate a1

uncultured bacterium clone ncd 54211001 165 rbosomal R gene, partial sequ.
@ Lysinibacillus fusiformis strain 4P WM SU13 165 ribosomal RRA gene, parial seq..
@ Lwsinibacillus sp. KSO-7 165 ribosomal RM& gene, pardial sequence
@ Lysinibacillus sp. KSO-5 165 Hibosomal Rhs gene, parlial sequence
@ Lysinibacillus sp. KSO- 3 165 Hibosomal Rs gene, parlial sequence
@ Lysinibacillus sp. KS0-2 165 fibosomal Ra gene, parlial sequence
@ Lysinibacillus sp. KS0-1 165 Hibosomal Rhs gene, parlial sequence
@ Lysinibacillus sp. IMBi02 577 165 ribosomal RiA gene, parisl sequence
@ Lysinibacillus sphaeticns stein BOUJEBTURME 1 165 rbosomal Ria gene, par)
@ Lysinibacillus sphaeticns stain TME2 165 ribosomal RRA gene, pardial sequence
@ Lysinibacillus sphaeticns stain THE1 165 ribosomal RRA gene, pardial sequence
@ Lusinibacillus sp. ESY9 165 ribosomal RMA gene, partial sequence
@ Lysinibacillus sphaeticns stain 13% 16 165 ribosomal REA gene, partial sequen
@ Lusinibacillus sp. f_46 165 tibosomal Rha gene, partisl sequence
@ Lysinibacillus sphasticns strain SA M4 165 ribosomal RRA 9ene, parial sequence
@ Lusinibacillus sp. 210_22 165 ribosomal RiA gene, parial sequence
@ Lusinibacillus fusiformis strain NEP P25 165 ribosomal RRA gene, partial seque...

@ Lwsinibacillus sphaeticns stain Lmas 165 nbosomal RS gene, parfial sequence

B- Acc. No. HF548664

Bacteria

| 0.0007 |

< bacteria] 2 leaes

Uniulfured Lysinibacillus sp. parfisl 165 rRMA 9ene, isolade 141

Lisinibacillus sphaericus stein Lmad 165 fbosomal Rha gene, partial sequence

Lusinibacillus fusiformis strain WER PSS 165 fbosomal RMA geng, parfial seque..

* Lsinibacillus sp. M_46 165 ribosomal R4 gere, parfial sequence

Lusinibacillus sphagticus shein THET 165 ribosomal RMA gene, parfial sequence

Lusinibacillus sp. K501 165 ribosomal RMA 9ere, parfial sequence

Lusinibacillus sp. K505 165 Hbosomal RA gene, pardial sequence

W ncuttured bacterium clone ncd 5421001 165 Abosomal RMA gene, partial sequ.

firmicutes | 91 leaues




C- Acc. No.HE648059

Bacteria

| 0.0007 |

& Lusinibacillus #anilvlicus shain JKR42 185 ribosomal RMA gene, parfial seque. |
Eacterium OFSF 165 bosomal Ria gene, parfial sequence

@ Lysinibacillus fusiformis strein YMF16 165 Hbosomal RMA gene, partial sequence

Ounculfumd Lusinibacillus sp. parfial 165 FRRA Qene, isolate UAS

3" Lysiniibacillus fusiformis strain BAE 114 165 ribosomal Rha 9ene, partial seque.

@ Lysinibaillus fusiformis shain BAE- 112 165 rbosomal RNA gene, partial seque.

@ Barillales bacterium Cul_0304 165 fbosomal Ria gene, parial sequence

@ Lysinibacillus boronitolerans stain RENGSN 165 Hbosomal RA gene, parfial 5.

W Lysinibacillus fusiformis shein M1 39 165 ribosomal RMA gene, parfial sequence

@ Lysinibacillus fusiformiz strain M169 165 ribozomal RRA gene, partial sequence

@ Lysinibacillus fusiformis shein MeF001 155 ribosomal RMA gene, partial seque..

@ Lysinibacillus fusiformiz 165 ribosomal RkA gene, pardial sequence

@ Lysinibicillus sulanilyticus strain GRS 165 dbosomal RMA gene, partial sequence

@ Lysinibacillus sulanilticus stain GT16 165 ibosomal RMA 9ene, partial sequenc

@ Lysinibacillus wianilticus stain G718 165 fibosomal RA 9ene, partial sequend

@ Lysinibacillus sulanilticus strain HUT18 165 ribosomal RRA gene, partiol seque.,

@ Lwsinibicillus sulaniliticus strain SK3 165 ibosomal RMA gene, partial sequence

@ Bacillus sp. 57 10F 165 ribosomal RMA gene, parfisl sequence

@ Lysinibacillus fusiformis strein BABPT0 165 ibosomal RMA Qene, parfisl seque...

@ Lysinibicillus fusiformis strein BAEBTS5 165 ribosomal RiA 9ene, partiel seque..,
Uncultured bacterdium clone 199 185 ibosomal RMA 9ene, pardial sequence
unculfured bactedum clone 16 165 bosomal RMA gene, parial sequence
urnicultured bacterdum clone 166 165 Hbosomal RMA gene, partial sequence

@ Bailloceae bactedium SE41 165 rbosomal R gene, partial sequence

@ Lysinibacillus fusiformis strein BPM1 21 165 ribosomal RMA gene, partial sequ..

@ Lysinibacillus fusiformis stein ¥11 165 ibosomal RMA gene, parfial sequence

@ Lysinibacillus fusiformis shein C03) 165 ibosomal RMA gene, parfial sequenc

@ Lwsinibiacillus fusiformis strain A5d 5 165 dbosomal RMA gene, partial sequence

@ Lysinibacillus sp. 14 RF B 3 165 Hbosomal RA gene, parial sequence

@ Lysinibacillus boronitolerans shein YME1S 165 ribosomal RRA 9ene, partial se.

@ Eacillus 5p. MERC 100908 gene for 165 rRiA, partisl sequence

@ Lysinibiacillus sulanilticus strain HD16_+4 165 ribosomal RRA gene, parial se..

@ Lysinibiacillus sulanilticus strain BM22_2E 165 dbosomal RA gene, parial se..

@ Lysinibacillus sp. AUBTPT? 165 Hbosomal RiA gene, parial sequence

W Lysinibacillus sp. FE1 1635 ribosomal RMA gene, parial sequence

@ Lysinibacillus sp, MCCP- 195 gene for 165 rRMA, partial sequence

@ Lysinibacillus fusiformis shein B2 1635 ribosomal RA gene, parial sequence

@ Uncultured Lysinibacillus sp. clone Hu3 17 165 ribosomal RA 9ene, partial seq..

@ Lysinibicillus fusiformis strain AMaE1 165 dbosomal RMS gene, partial sequenc

@ Lysinibacillus sulanilticus stain G168 165 Hbosomal R 9ene, partial sequ..

@ Lysinibacillus wManilicus stain J9E 26 165 ribosomal RMA qene, partial sequ...

@ Lysinibicillus sp. 405ERRJ 165 ribosomal RMA gene, parial sequence

@ Lysinibacillus slanilticus strain 1001 165 ribosomal RA gene, partial sequenc

@ Lysinibacillus sulanilticus stain 5LS4 165 ibosomal RMA gene, partial sequenc

@ Lysinibacillus fusiformis strein RE 165 Hbosomal RMA gene, partial sequence

W Lysinibicillus fusiformiz strain B2 165 rbosomal RMA gene, partisl sequence

W Lysinibicillus fusiformis strain D2Q17-H 165 ribosomal RkLA gene, parfial sequ..,

@ Lysinibicillus fusiformis strain AIMST 11.K11.1 165 ribosomal Rk gene, parial

@ EBacillus sp. P07 165 rbosomal RMA gene, partial sequence

@ Lysinibicillus fusiformis strain Lowala PEE 1 165 ribosomal RMA gene, parial 5.

@ Lwsinibacillus fusiformis strein MCHI 165 Hbosomal RMA gene, partial sequence

@ Bacillus sp. YWAF21 165 ribosomal RRA 9ene, partial sequence

@ Lysinibacillus fusiformis strain BS990 165 ibosomal RMA gene, partial sequence

@ EBaillus sp. w21 165 ribosomal RMA gene, parfiel sequence

@ Lysinibacillus fusiformis strein KL2- 13 165 ribosomal RMA 9ene, partial sequenc

@ Lysinibacillus fusiformis shain VERKCH4 165 bosomal RRA gene, partial s2qu.

@ Lysinibicillus fusiformiz gene for 165 rRMA, parfial sequence, strain: MCCP- 50

@ Eacillus sp. orel faron A0S clone CAD10 165 ribosomal RRA gene, parfial seaqu..

@ Eacillus sp. orel faron A0S clone CA009 165 Hbosomal AR gene, partial sequ...

W Bacillus sp. orel taron A0S clone CAD01 165 Hbosomal RMA gene, partial sequ..

@ Bacillus cereus strain ZQMT 165 ribosomal RiA gene, partial sequence

@uncultured Bacillus sp. clone OT44 4 165 rbosomal R4 gene, partial sequence

@ Lysinibicillus fusiformiz strain k12 165 ribosomal W& gene, partial sequence

@ Lysinibacillus fusiformiz strain & 165 rbosomal RMA 9eng, partial sequence

@ Lysinibacillus sp. #fqus 165 Abosomal AR gene, parfial sequence

@ Lysinibacillus fusiformis stein B4 40 165 ibosomal RMA 9ene, partial sequence

@ Lysinibacillus fusiformis stain B- 25 165 bosomal RMA gene, parfial sequence

@ Lysinibacillus fusiformiz strain B 1 165 ibosomal RMA 9ene, partial sequence

@ Unculfured Bacillus sp. clone OT90- 3_ora 165 ribosomal RMA gene, parfial seq..

@ Bacillus sp. VP11 165 ribosomal RMA 9ene, partial sequence

@ Lysinibacillus fusiformis stain IMAUE1005 165 ribosomal RRA ene, partial se.

B Lysinibicillus fusiformiz strain IMAUE1005 165 ribosomal RRA gene, parial se..

M Lysinibicillus fusiformiz strain IMAUE1017 165 ribosomal RRA gene, parial se..

@ Lysinibacillus fusiformis 165 ibosomal kA gene, parfial sequence

@ Barillus sp. OM2.& 165 ribosomal RAA gene, parfial sequence

@ Lwsinibacillus fusiformis strain 5 1-9-b 165 nbosoma] R, gene, partial sequenc

@ Lwsinibacillus fusiformis strein MK 34 165 ibosomal RA& gene, partial sequence

@ Lywsinibacillus boronitolerans 165 bosomal RMA Qene, partial sequence

@ Unculfured Lsinibacillus sp. cone 15 165 ibosomal RMA gene, partial sequence

@ Lwsinibiacillus boronitolerans strain 2 K632 165 ribosomal kA gene, parial 5.

@ Lysinibacillus fusiformis stein 636 165 ribosomal RMA gene, partial sequence

@ Lwsinibacillus sp. EK- 34 165 ribozomal RMA gene, parfial sequence

@ Lysinibacillus fusiformis shein PapinBaz 165 ribosomal RMA gene, partiel sequ..,

W Eacillus sp. PRS-6 165 ribosomal RAA gene, partial sequence

W Lysinibiacillus fusiformis isolate 24 165 dbosomal RMS gene, parial sequence

W Bacillus sp. Pa24 partial 165 rRMA genes, isolate PAZ4

@ Lysinibacillus fusiformis isolate EGUSD 165 ibosomal RMA gene, partis sequen

@ Barillus sphaeticus isolate MUC- 5 16 Hhosomal RMA gene, partial sequence

@ Bacillus 5p. gend 165 ribosomal RRA 9ene, partiel sequence

@ Eaillus sp. 9e0s 165 ribosomal RAA 9ens, partiol sequence

@ Baillus fusiformis strain LOES 165 rbosomal RiA gene, parial sequence

@ Barillus fusiformis isolate 1454 165 Hbosomal RMA gene, partial sequence

@ Bacillus fusiformis isolate qdd+ 165 rbosomal RAA gene, parial sequence

@ Eaillus fusiformis isolate LLP 165 fibosomal RbA gene, parial sequence

& Barillus 5p. 253 3.2- LHH15(5k05 165 ribosomal RRA gene, partial sequence

@ Bacillus sphaeticus partial 165 rRMA gene, isolate 05 44.01

W Bacillus fusiformis isolate BRLOZ- 37 165 ribosomal RMA gene, parfial sequence

W Eacillys fusiformis isolate BRLOZ- 34 165 ribosomal RMA gene, partin sequence

@ EBacillus sp. GO0302 165 rbosomal RMA gene, partial sequence

“)...'l ﬁunculfured Lisinibacillus sp. partial 165 rRMA ene, isolate VA5

“@ Barillus sphaeticus sirein LFE- Fiocrmz7 11 165 ribosomal Rk erie, parial seq. |




Fig S5. Cyclic voltammogramms of microbes
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Electron transfer from biofilm to electrode indicated microbial oxidation, whereas reduction peaks
corresponded towards microbial reduction (charge transfer from electrode to biofilm). This redox activity was
attributed to the microbial cell surface proteins that evidently ensured its biocatalytic activity, resulting in

subsequent substrate utilization from the employed firmicutes on repeated potential cycling.

Fig S6. SEM images of control (Left) and the formed biofilm colonies on the electrodes
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Fig S7. Schematic illustration for proton conductivity measurement.
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Nut
\‘ Specimen
Reference
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Counter
electrode
Working
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Cost comparisons
Membranes Costs (USD)
Nafion ~1.8-2.3%/cm?
AEMs(e.g., AMI 7001) ~1.2-1.6%/cm?
CEMs(e.g., CMI 7000) ~0.6-1.2%/cm?
Glass fiber ~0.34$/100cm?
Wiper J-cloth ~0.31$/100cm?
AL Oj incorporated nanocomposite ~0.8%/100cm?

membrane




