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Abstract

Biophotovoltaic cells (BPV) can utilize photosynthetic autotrophic organisms for photoelectric energy
conversion. In this research, we screened and inoculated the symbiotic bacteria G76 (G) to create a solid
composite BPV, which does not require adding extra mediums during the operation process. The BPV
with Chlorella in anode was the control group (X-C). After 24 hours, it was found that the voltage curve
would change regularly with the photoperiod. The average voltage peak in the first three photoperiods
was116.2312.92 mV, and the average value of the low voltage peak was 87.9634.48mV. The fluctuation
amplitude was 28.27 mV. The experimental group was a composite BPV (X-CG) with the symbiotic
bacteria G76(G) and chlorella(C) at the anode. The average voltage peak was 109.2312.45mV for the
same duration, and the average value of the low voltage peak was 100.63£0.9mV. The fluctuation
amplitude was reduced to 8.6mV. Compared with X-C, adding G76 will reduce the voltage peak by
6.02%, but increase the low voltage peak by 14.4% and reduce the voltage fluctuation by 69.58%. At
present, X-CG has been running for more than 1032 hours, the voltage peak 1s 95.2mV, and the total
attenuation 18 19.35%. At the same time, the voltage peak of the control group X-C has dropped to
61.1mV, and the total attenuation 1s 90.22%. During these experiments, we found that after 73 hours of
operation 1n the X-C and X-CG groups, purple and black microorganisms (PB1) appeared in the
cathodes, and the voltage of these contaminated BPV's was significantly higher than other groups. After
PB1 was cultured separately and introduced into the cathode (P-CG), the average voltage peak of P-CG
was 179.3 £ 3.66 mV. The average value of low voltage was 162.37 * 1.38 mV, which was nearly 60%
higher than that of the X-CG group. More importantly, X-CG and P-CG can maintain 92.13% and
90.56% of the daytime voltage, respectively. Both of them are very stable BPVs.

From these results, the BPV device with symbiotic bacteria G76 can significantly improve the stability
of the power supply day and night and extend the service life. Inoculated of anaerobic bacteria BP1 to
the cathode can increase the BPV voltage by more than 60%. If these symbiotic bacteria can be further
optimized, such a low-cost composite bio-electrical conversion device will have the potential to

construct a solar power generation system that does not require a power storage system.
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EIBEA BRI = RAG 7 S I B B A B S e ) B A AT S (BRG - AE Y KPRE
BEAECA HH N [ B ERE R AEIRT TR S K - WY R &SRR KIS R S B i T A ER
Ak o B8 EOKIG R C RV ELE IR AR S FERE H G A R E A /KEE S TR
(Sunetal.,, 2014) » FFEIRINGZEPERELIBIZUEE) - fEREECH ekl 5Pk
B o LR R S0 SRS AE 5% TR G S R O S R AR R RE .48 (Vijayakumar et
al., 2018; Carrillo et al., 2019) » BIE BLHEA A PR EIENHY 52 TR b (AR AR K T T3 BB
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FIGURE 2 | Schematic of biophotovoltaics. Putative dloctron transior pathways from the thytakoid moembrane components (Photosystems) 1o an anode. This
includes mediated electron transior as well as hypothetical direct transier via pili or other membrane structures. Red lines indicate hypothetical aectron transfer
routes. The insert on the upper right comer shows a schematic structure of a typical BPV system,
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BESSE A E SR SE R BB B 2 Y B EER (Gevertz et al., 2000; Zhang et al., 2019) » S LL4HEE
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1. Bk

HE

AHIZE P (e F 536 338 /K INERSSE Chlorella vulearis( E BB ARESE A F])  /NBR
% (Chlorella vulgaris)i&—TE 3 /K ARG » 7B &R%MT (Chlorophyta) PUARSE
Al( Trebouxiophyceae)/NEK 3 H (Chlorellales)/NER 3R Chlorellaceae) W EAZWGE © /N
BROSEERT 27K W B A4 R AR AR/ NG A 2-8 ok (e m) » B
B ROREAT Ry 24-28°C » Bl pH HAITE 6-8 2 « ERE B 5y T IR
T ANBRE AR — H Z N SERIAE o 2L > BLPERAYEIE ARy Az ST - HAT
N HERZ IEFIOKERTE - &0 - R R m G HERESE -

HEERE

Lysogeny broth(LB):

Trypptone 10 g
Yeast Extract S5¢
10%o0 seawater to 1.0L

Lysogeny broth plate(LLB plate):

Trypptone 10 g
Yeast Extract S5¢
Agar 12¢
10%o seawater to 1.0L




SRR

/2 Medium:

NaNO: (75.0 g/LL dH:0) 1.0 ml
NaHz2PO+H:0 (5.0 g/L. dH:0) 1.0 ml
f/2 Trace Metal Solution 1.0 ml
Filtered seawater to 1.OL
f/2 Trace Metal Solution:

FeCl:6H:0 3.15¢
NaEDTA2H:0 4.36 g
CuSO+5H:0 (9.8 g/l dH20) 1.0 ml
Na:Mo0O4-2H:0 (6.3 g/L. dH:0) 1.0 ml
ZnSO«TH:0 (22.0 g/L. dH20) 1.0 ml
CoCl26H:0 (10.0 g/L. dH20) 1.0 ml
MnCl-4H:O (180.0 g/L. dH0) 1.0 ml
Distilled water to 1.0L
/2 Agar:

NaNO:s (75.0 g/LL dH:0) 1.0 ml
NaHPO«H:z0 (5.0 g/L. dH0) 1.0 ml
f/2 Trace Metal Solution 1.0 ml
Agar 12¢

Filtered seawater to

1.0L




AR

N A R (Ampicillin): fy—7FE 8 -WERREH AR R hHH A E AR Ry &l
B ERGAST TR AR © R (kanamycin) & — B EEPUESR - #5
AR Y 2 B E S R R R BOR ©

2. BBITA
(1) SRR TR

FEEDR T QSC) MR T 70 Z FHVRE o KFTEICERY 2 88k > DL 12 /N
JEIR 12 /N R I T IR T SR - A 2-3 REMR—TLFEM 80 H
200 H ~ 300 HIg4gmEEMEE - it/ R ER R H/AR S =R
fEr IR K AR AR Ra b s e = B TIREESD - TMER T A A

TN o BB TR B NI B S E - FORIRGRE ~ SWEH] - 558
B ITREBURE S BT = ORI EAE A E - SR R UM BRE T B

B~ RoUvNECREREEEE

() FREDREE - IREAESRREERIEETR
A FERTE RV AR R 2 AT RV DL B 2/ NG R TS - AU
VUl S SRAYTAEIRLE LB plate | > ££ 28°C M 24 /NIRFR - 08 ERREEST
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it (B > g AFTE) o ARBFFEEI DAL R - REH P N ERCR A
(CVPY2, G76)2A LB plate 358 16 /NEHR ALY EIREAM AT TE B NELL
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control Ecoli G76 CVLH CVLY CVPCR CVLY3 CVPH CVPY2 CVLCR CVLW3 CVPW2

~ o0
(=T =}

w & owu
o o o

Number of algae cells(X10%/ml)
[ L=
(=] [=]

iy
(=]

(=]

B = ~ HAEREE/NRERR R Z 2 B HIAFTE) - (G R4 A IET
PEFIGH (control &kth) ~ {FE RA¥SIRAHAYRIGIRE E.coli ~ THRERE B R ERAYIL
EB 1 G76~CVLH ~ CVLY ~ CVPCR ~ CVLY3 ~ CVPH ~ CVPY2 ~ CVLCR ~ CVLW3 >
DU CVPW2 « filid By EBRICIA SR (Q2 x 10 cells/ml) » BB TP E>0.05 1
5B control SEFEE 2= 0 0.05>P {E>0.01 17 A8 control HREEE ZH(¥) » 0.01>P H
>0.001 i F81 control AFHEZEZEF() > 0.001 >P {HH FEL control A iREE 7= 52

(***) o

G76 CVPY2

b o
o M 7o o o
-0 -

g § _EE 10pm

@V ~ G76 B CVPY?2 B (Fi AFTE) ©
10



) BERTERE
Fo TR NIRRT AR B E R - EREIGHTI ]
HOECE AR M > 25 /K $ 0 A W 5124 2 (Ampicillin 100ug/ml;
kanamycin 50ug/mDIAFFE 24 /NEF& - DAEE O 3000rpm BEC 35 38R bR
EFER > IIAEREHRY /2 Medium JR4) » BHREEL © FPUEREHET

REHER -

@) EVDEREEE(BPV)aRETHES

B

FEtiR
RE i et
AT
e el
i
fxilan
[ 71 ~ BPV 4 E [

(B ) R AR SR ATEETHY BPV S5EE - fafl - PHim e RyififE 5.5x 5.5 cm’ /Y
SUS 304 A slistidd B fintl » FLIC K 100 H - 2449 2ERERIAY 80 HIE4Y - itz
iRl 75 - HAVE R TPk et i i ploa s - H B RiEin i - &0
R B Ry 14000kD - HAYLE i o0 SR B A B A 22 I Y SR A T s B E
GHOR o PetRlEH 15 ml #Y £/2 Agar ~ /NBRGE: ~ AR TREHEE AR AH Y - P50 B oy [E]
Bk 15 ml 89 £/2 Agar ~ /INBRGE FOFF I8 Hh A48 R B BE AR AR AiC - Hrp/ NERSERE
1x10" cells/ml » H:A4: E%E 5 0.5 ml ODso=1 HYEIR © BSMULUEIAER B > I
DIERE ISR 2 (8 S) -
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&7 ~ BPV BEHRA

() BRI

WA | BER | B G CINELH|

X-X A A HlEaH -

X-C A A+C INERCEICE e S RE( S EEE -

X-V A A+V CVPY2 B ot 4L B BB R 5 2

V-X AV A CVPY2 JBUE A bt 5 5 2 R 5 2

V-C A+V | A4C Pt /NERRERT > fERRE R CVPY2 HESEE

BRER 2 -

X-CV | A A+C+V | [t A/ NERGEEL CVPY2 et i BB

IR -

G-CV | A+G | A+C+V | [/ NERSEEL CVPY2 HhE2EA% > [afIA
G76 LA EH BRI ZE -
X-CG A A+C+G | BtE/NBRGEEL G76 HEFERF BT B

B 480
R o

F— -~ EERAHRELET © A2 Agar o C/NEREE » V:IHAE CVPY2 o G:HLAE G76 -
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(6) EBERERIEL AT
AU BRI E O C IR 677 lux - FEECRE 27 & > SelEHRy 12 /NRpEH 12
/N BRRE HUEREE N HETER R SN £ BRI oy B AR B R A R ([ ) B
AR » A8 USB 1 i BLEE I RSO s BB (B \) » B —/NEFERER
— R Fr{SEURLL Excel BUERGTERE 21T - SHSMNEH B A ECIEIIRE Z 6 H
E#k PROVA 803 digital multi-meter B 16 PRI TR AS A #E1 T IR A0 8%
(B1) - WIS ERBRAT 5% 1T A A PEXSHERT,
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& 71 ~ PROVA 803 digital multi-meter B 16 E&HF124 T8 285 4H 3 ME AR

2 ~ ISR o

IR R TS AL (E [EBE BPV th A R
QEIEEE S

Bt ATaa THYERE BPV M REEA B B e e 1 —(E 25 Wt By e i
AEWEERIAH - WA 2 Ry X-X o X-C RISE PR BEFEIERE 1x10” cells/ml /NERSEE

R

Pt R PR B BRdH - SEEENRy 12 /NRFOEHR 12 /N BRI - B A0 N & (&
1) e
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Voltage(mV)
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@ - [E58 BPV 2 BB HIACE: - X-X: Fals Wil B A BEfd A g L/ N ek -
X-C: [efideRafmdlE - Bia/ NGE -
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[ T B 4y B IREE R IRJESH0 5y B BERFHE R o X-C 4HAE M —BRfar BB H
20 mV 3K FFF 0 FE S /NIFPAEER] 89 mV 0 & 32 /NEFEEE] 112.3 mV - BEASHIEALY
24 /NF# 1% > X-C HYERBR 4R BRZAEE 4 B IBHAVI S AR Bl » 7255 80 /NI 2 T f

=B 119.3 mV o SRR Fy 85 mV (5 39 /NEF) BE A Sl 39y 116.2312.92 mV
BRI E(E Ry 87.964.48 mV o i 1 o ¥ BRAHAY X-X Y5 = 26 R B A 4 55 m V-
24 /N R EEERBRAAA B - (A AN = SRR AN TR - X-X K&
E—BANERRRI NEE 10 mV PUT - &G H A& e A 5 AR X-C EEME BIE X-
X4 75 76 /INKE N BE RS PR B B A ME 77.7 mV > BRI R ME R 37.2mV
(55 39 /NED) o BL—4EREBURARE R HIESE BPV SEEAVHERE R/ NREEAE
B > HHBERGHEE CEAEAREEEE - MifES = RIS mErRns
REOERERET—)

(Z)aT 5
X-C {ERREE R N BB S/ MBS MR e ot > EIRAARE Rt iUZE 1R 12/
PR T IURCR TREATEE - ik A BRI 2 P EYE R 09 R AI ] DL
X-C (2l R RO AR (E +—) » EERROERELE X-C EHEY=X
Z IR W NIRBZEEIRY > RN AR IR A R B % ] RE 2 H/ N ERCER
#E BPV HYRL LI [ VERR A o 1 SRNEIR ] > X-C 4HIAFG s/ NS R e 1 (2
TR R E R - Pt A R MR A E R R T T R R - FTLL X-
C tHEEBA S R AR BT - 1 HE A C PR ELAY R - i RGOS
MR LRV E SRR MR > [RHRERAY B AR W R R A AR - ISk
/INERSEEIRI Y R JE Pt 2 AR Y B T4 ) B Pt ry 28 R & F - (HEE AR L7 - (EFE
EOLIRIFRE & - B R ERE AR E R EREIRET > (S8 JF S R
il > EEERHL AL N
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Bl ~ AR Z PRI (X-X) B Pt e B Z BB (X-OfF & — 1 H
RAVEE () A -

— ~ SEAEB CVPY2 A HEAE BPV MBT1EE 4 B

(&R
By T R4 CVPY2(V)/Z2 A REAE BPV 458 iz AR B R » FRAFTRF CVPY2 4371l
BB RV-X) R RX-V)4H W TE BPV fE8) > EEM P EEE S 5 0.5ml

S

ODen=1 FYEIR © X-C EiEHilaH - HIGMmEaAEE 110 cells/ml AY/NEKE - X-X Al Ay
FE=R55 WA A et S5 7 S B Y ST B4 SR HAEIRE By 12 /NEFRHE 12 /NI RIS - B hRdE R

KR

A1 (E )

140
120
100

80

60 —_—
40
20

0

Voltage(mV)

I 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 8 85 89
20

Time(hr)
B~ R CVPY2 B EREAE BPV B ILEA R - X-X: [2F5RithHE &

AR E L/ NBKE - X-C: [ REE - Gia/NKE -
V-X: fafig CVPY2 « X-V: [EfiA CVPY?2 o
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[ o SR oy R HREER » IR EN Sy By SRS HERS o 7ERAAMIER 24 /NIF 1% > X-V 4HTE
579 /NI R R ERE 63.2 mV 0 B(KEEEE 54.3 mVEE 90 /N > S IEEE
1B By 62.3740.85 mV » BERREEIME B 55.9741.48 mV o V-X 4H[EHEFEEE 79 /N
Flf = B > (HERRMEE R 7.3mV > KBRS -3.2 mV(ES 39 /i) o BRI
PE Ry 5.6311.39 mV » BEEAEFIE R -1.121.68 mV » X-C 81 X-X 4H B BR4S R B
&\ « HEERTTEH X-V HVERERGCE S V-X 41 EREERAE R
65.5 mV(55 37 /[Ni%) » EEERZEIER/IME By 51.7 mV(55 90 /NF) » X-V 4HAYE BT H.
FBE - LVHERAE 60 mV » [ V-X dHAVEE M E MR > AIFERETHIREE - HAX
BRGSO - B SR X-X MHEL o 7R EE A AR B CVPY2 BEfE BPV

EERIMELRE 0 CVPY2 BRARERHIE (S BPV HO R -

(Z)aT 5

A CVPY2 mIRE Ry MRk R & - IRy X-V sHERA i NG BT e & B
I IR - X-V $HEM A B Ry S ER ST - CVPY2 By e 25 B T
Tt 2 AAEAGSN > HFY CVPY2 MBI o » 5t BT o ) o8 L2 B e R s
M V-X 4HHY CVPY2 BRI - FEFEBERAAVIRET & > FRERCE T AR &
PR R TGS - SRR B BRI 1 V-X SRR (R - (BB
SIS, > £ ISR BT > FESCHRIRF R N - FRPIHENE AT RE R R e AT Rk
MR E » Ny CVPY2 AL RAFFMIRET - JelREF RN S BEAR & ETH4yEE 30C

B RERS BRI CVPY2 BRI E YRR

0

= ~ HAH CVPY2 #i/NEKEERE BPV 2 228

(EER

By T iR CVPY?2 $/NBKSE BPV HUMEH - FAFTEF CVPY2 73 Al E APt Al S AR » 317
B INERSEE B A TSR > [ Rfe g CVPY?2 @ [t /INEKERY V-C 4HR1 » DL R, et 535
» [t /NBKGE B CVPY?2 /Y X-CV 4071 » X-C BlFtka/ NEkEERY X-C 4H - /NER

B
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SHOEREEL B 1310 cells/ml » CVPY?2 H & B A 0.5ml ODsn=1 BYENR © YEHEEA B 12 /N
eI 12 /NEEEREE - EhRGE R N E(E )
X-C —V-C —X-CV

120
100

80

60 - tc— 1
0 [\f\/\hm
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