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B OGRS HR E MR, B HE A E. coli BL21 (DE3) I HeLa 21l rh 2556 CREMESUR . S5 8R  7E445 nm,
70 pmol-m?-s™ B YGRS T, LovPSO2 j2—Fhfig ™Ak K A S M) ITADEHEGR (£,=0.61), LovPRO2 jE—FhfEAS I =/
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A ROS P &AL M FEEAR S A, R, &
B 09T R RS ROS 77 5 5 = G B
Jof T AR ) R R IR 7 55 5 T

H A 52 4 22 1 2 PR 2 5 DY SR 2 56 T LoV
(light-oxygen-voltage) 454 3 & & 11+ HGEGH
n 5 F L IT W6 &R 2 (drabidopsis thaliana
phototropin 2) Y LOV 544 (I % 1M 2K 1Y miniSOG
(mini Singlet Oxygen Generator) **' J 7 H: 54t |-
BT 2 ) B2 A8 FOL B 1 (singlet oxygen
photosensitizing protein, SOPP) ' Fl1 SOPP3 **/
FATZ AR TR OB ER 2 1 LOV S5 b S it 1T
— A ELIUA S A0, DL G LovPSO - (LovP
for singlet oxygen) #l— ) £ ROS ) 't i 7

1r I*

LovPRO (LovP for reactive oxygen species) ¥/, A<
TAERTHREMDEE IBAYLOV S BIT & T —
FHTE 445 nm WG T BE ™ A K0, 1) TTADGE
# LovPSO2 (@,=0.61), #RJ5 3T LovPSO2 5 #f
WA ) — Fh fg [F] B 420, F O, 1 O B
LovPRO2, #f— 22X} G455 LovPSO2 il LovPRO2
()6 B8 PR R R R R E M AT g T, KB
LovPSO2 Fl LovPRO2 B A by my il AR e v,
o LovPRO2 AR e PR AT . BbAh, FATTE 4T
T Ot ) LovPSO2 il LovPRO2 X E. coli BL21
(DE3) M HeLa 4 i iy 670, & #H LovPSO2 1
LovPRO2 TE W G T 74 1 ROS X E. coli BL21
(DE3) WA BAFIEENE,

ir I*

j@N .

OLovPs  Cys-39
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Fig. 1 Schematic illustration of photodynamic reactions

*LovPs return to the ground state by emitting phosphorescence, or directly photosensitize 3O2 to produce IO2 (type 1I) and undergo charge transfer to

produce O,, HO-, and H,0, (type 1)
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1.1 #R5iKFH

KA E itk BL21 (DE3) FI0R 7L 30 ) 40 o
(HeLa) HASSLEZEMRAF; LBWAAKEFREL: 1%
(whv) M. 0.5% (whv) BERER AT 1% (whv)
NaCl; LB AR FRIE: 1% (whv) EHE. 0.5%
(wiv) BERERY . 1% (w/iv) NaClFI1.5% (wiv) K
BERY; TBEESFREL: 12% (wh) BEAM. 2.4%
(wiv) BERERYF0.4% (wiv) 05 30 g/L 8RB
#5 2 (kanamycin, Kana) %7K ; 50 g/L &R
T8 & (ampicillin, Amp) fif & ; 200 g/L (95

HEHA-B-D-TRAC - FLME T (isoprophylthio-B-D-
galact0s1de, IPTG) 4 %5 W& ; Tris-HCl 2% v %
(pH 8.0) : 50 mmol/L Tris 1 500 mmol/L NaCl;
50 mmol/L WK™ 1500 mmol/L KM (pH 8.0); PBS
ZZvh (pH 7.4): 137 mmol/L NaCl, 2.7 mmol/L
KCl. 10 mmol/L Na,HPO, 12 mmol/L K,HPO,, &
FPR . B BE B W OXOID /4 7] 5 Tris. Kana,
Amp } TPTG #JI4 | Amesco 23 F] 5 BRI H B Hi
T/AHl; NaCl, KCl, Na,HPO,. K,HPO, &% HAh &
PLER A BLIE I 0 3 b 1 S8 g6 R A RS A
Ni* 3£ f1 JZ ¥ #£ 1 H Amersham Biosciences 23 # ;
E 525 & MutanBEST Kit Il [ Takara 2 &) ;
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JARE $ HU R £ FN DNA BE I [ G0 & [ 3
2 YR AR A Al B2 S A IR
(singlet oxygen sensor green, SOSG; Invitrogen) .
DEME #% 7% 3£ (Gibco) . Jifi 2F Il ¥ (Gibeo) .
0.25% fgi & 1 f#/EDTA (Gibco) . Opti-MEM®
(Gibco) . Lipofectamine® 3000 %% %% i
(Invitrogen) 14 F Thermo Fisher 23 &) ; sh#¥4i it
B A B 2 AW H Corning 23 /] 3 & 4 BE
(dihydroethidium, DHE, 4 1L¥B1 8 728 61
%) Fl1 Annexin V-Alexa Flour 647/PI 41 g 8 T 46
R & BB R (B R AR .
1.2 LWHE
1.2.1 Ry gt

SCHP R B 0 oA 4T PR A S 5 ) S KR
17, 51 EBUR— S S R A BRA Fl A o

LovPSO2 JE AR H BERE 92 0] LR 1B (R
FIEMR 437~541), HRICK—EEILHEHE A R
INFVE UG, F Neol F1 Xhol BV 7 5 i34,
i il ) i v H v B B 2R Kana BT M Y
pET28a(+)#k ik, 155 pET28a(+)-LovPSO2.

LovPSO2 1Y % M i 45 # /& UL 8l /1 IF Y
AtPhot2LOV2 (PDB: 6QQH) " Ry #ity, 4t
SWISS-MODEL # 47 # #% 5% | J Jij PyMOL
(https://pymol. org) #t 17 @] & #1543 7 . SR J5 LA
pET28a(+)-LovPSO2 It , 185878 sk 1 it
214, fii F MutantBEST Kit 3% 51 £ 44 B2 AH 1 1 298
AR BTR

VL pET28a(+)-LovPSO2 FllpET28a(+)-LovPRO2
SRR, FH HindII AN Xhol BV 553531514,
iof B U0 % N O v B B B Amp T PE Y
pcDNA3.1 #k /&, 73 F| pcDNA3.1-LovPSO2 Fl
pcDNA3.1-LovPRO2. 51475 FIAH DG S AR 2 53
L S1~85,
1.2.2 EHEARIL 58l

W IR ORI B 8 A R R R 25 Kana
(30 mg/L) Y TBIGFRE 5%, MALWKE SR
120 mg/L 1Y IPTG Je## 615 415 16~18 ho YA
i, BF-20°CHEfF&H

W5 ST 1 40 P Tris-HC1 2% i i, W4
Jif, 4°C. 12 000 r/min &.Lro FF 8 10 WINFE
E NP EMZENHER . SEH S A 50 mmol/L BRI
Tris-HC1 22 M e 538, F5H & A 500 mmol/L B
W ) Tris-HC 2% ks Ni* 28 FUZHA: Ay H 895
BT BRI T R I T s .

1.2.3  EHBEAGE T

i FH UV-90008 536 L EE T (g ot s fr
FRAED) sk BRI IBOETE, F-320 A195001
WA CRES AR R BB MM A FRA R e E M
FE NG o Bl r & IR S TR PR IR R
AAPE (8 mol/L, pH 1.5), i RFHITHL (flavin
mononucleotide, FMN) M 5 iz ok . il
R O R T RO R 2Ok kS (A=
420 nm, A,=440nm), JfLLSOPP3 (@,=0.41 %)
SR, ARPEMAE . FEOBIE AT FMN [ EE 7R T
28 (=123 L'mol™"-ecm™ ®" ) 75 F] LovPSO2 FI
LovPRO2 o773 BRI G R B

AR T Brali b8 H R
JH Tris-HC1 2 th# Bé )5, 7F 445 nm. 30 mW/cm?
(T BEES 20 min, 23l SR 2 1 A IR SO RN ¢
J6EHE . i OriginPro 2021 442K |71 J5t 4 5 9
SRS A F = A2, Hod, FERDERE,
x FORFFEOCIOL A (min),  FoRBEY], AN
HWEL A=1,

A BT IR B RS TR AT R sk A
i F Tris-HC1 22 v B 5, 43 i & T 37°CHI
45°CHR B (Ll HEREAERAR) &
20 min, %R 2 min 43 S AR A WIS
63, 8 OriginPro 2021 X 5 AW Y B 1 A%
S BT T -

1.2.4 A AURE AT B 1 o b

W4l ALY 25 (1 TURE S E 2 A,,:=0.063£0.003 )7,
BT 3 umol/L H B2k &5 A 4K 5 SOSG, 7 /iR
J5, FE445 nm. 70 pmol-m>-s™ f¥ 5 G T 43 il BR 5
10 min, %Ff% 2 min ic 5% HAE 500~800 nm 7 il N
SOSG % 1k 7= Wy (1) % e il (2,=490 nm; A,,=
500 nm) ;

B alifb 1R 8 1 FRE A 2 2 A,,5=0.063+0.003 Ji7 ,
JIA 5 pmol/L i S8 1 2 74K %1 DHE, 7E 445 nm,
70 pmol-m™-s™ ) ¥ G T FEST 5 min, %% 1 minid
sk HAE 550~800 nm {3 5l P DHE A6 1 260
W% (1,=525nm; 4,=550nm).

Walifb i A EE R E eI, R
2 min M5 HAE 445 nm, 70 pmol-m?-s™ Wi IR T
IO, JFIC s AR 445 nm A0 B WO B (A
FEEHR A — 0 RO ERRET WO . BAEIA Ry =
ae”, HrafbEMERE,  2REOLHL R

L. BRI SRIOEE R 4 = A, [ aed(0), 3t
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WA ROCIBRTHIOGRE , o, BRSO L A, LA
SOPP 'O, F7=% (d,=0.19) "V fE R XIIE, 3

. /A
B LovP 'O, T, & ="l M, o
rs/As

Al rg & E IR T YEHGR 9 SOSG E AL, A, Al
A BGOSR, &S SOPP 1910, 7+
PR A B4 A5 5 78 OriginPro 2021
PAT.
1.2.5  KIGFFEEEH OGRS

A5k pET28a(+) . pET28a(+)-LovPSO2,
pET28a (+)-LovPRO2 it $i ) E. coli BL21 (DE3)
TR W 270 2 100 ml %545 Kana (30 mg/L) A9 TB &%
FREEEFE, AU 120 mg/L (¥ IPTG J
G578 16~18 ho 43 A HL 100 pl i1 35 1) 2
B 5 T Hi A R A LB AR 551 5, B
BEAEWE., BEWHFIEGE, —4E8 T2
i, S —4HE T 445 nm. 30 mW/em® 16 T 235
HE 4} 10 min F130 min, BOE AT J5 F6 BB A4S 40 ul
AT & A Kana 1Y LB B IR [, 37°ClaE RS
7%, WELYHMITE LB MRS S By A KAB M,
HATREVE T AR C IR S BE Y5 B CE HIWT R
XJ E. coli BL21 (DE3) RGHEEMERON , JFMRHE A
KITECHEBEOER . LR EBOtE= OLIETH
M- RS 0ME0) 1 OERERTAEIED) .
1.2.6 WHFLY AR OGRS

A S EG Al H Cytoflex-LX i = 40 fifg 4%
(Beckman Coulter, USA) #1457 LovPSO2 F1
LovPRO2 X| HeLa ZHAEHEEEME P, 1564 HeLa
MAE A DEME i 57 3 (3% 10% a4 1iE ) 1Y
12 LA SR LA G 3% (G B A PATEE80) . 2
i B IR 3 80% AE AT HY, f#iHH Lipofectamine® 3000
BEYGRF S DNALI2 - 1 (v:m) 0G0 3EFT 3%
Yu, 7EOpti-MEM®H1EL], FE M H 10 min J5 EH
PEG NN 408 195 5 5~6 ho FH#TE ) DEME £
FEHEE (7 10% 641075 ) Wk, #T37°C. 5%
CO, a4 5 374 (Thermo Fisher Scientific)
HiRESR 24~36 h, FOLIEATE T 445 nm, 30 mW/em®
() 56 T BT 60 min 46455524 he 2 )5, H
0.25% JJ 25 [ BE/EDTA 5 W IF 16 JT- W50 42 Il B 44
PBS ZZ i (pH 7.4) Wikl 3 # , 1xBinding
Buffer i ¥ & 2 40 fY 5, {4 F] Annexin V-Alexa
Fluor 647/P1 4% 3 & T B HE H ZE T F 15 min.
e, TERES A 400 pl PBSZE vtk (pH 7.4),

b I W11 B I N o 1 O = ST I s b I
488 nm £ 638 nm MY PO I &, B IR
10 000 41fE) . i FH FlowJo #44 (LLC) X %
AT T -

2 & R

2.1 LovPSO2ZE TR Ik

WFFE & B, LovPSO2 7 ¥ Gk & N fig e A
S RERN0,, HHO, TFREM (K. N
TR LovPSO2 9 O, /=1, 5 H & (4[4 FMN
BEHEAHE SR PRV SRR, WGln (Q) FlArg
(R), 278 Ky HA i 7ol b i 2000 1 2 3L R
WAla (A), Val (V). Leu (L), Tle (I). Phe
(F). Tyr (Y). Trp (W), Asp (D). Glu (E).
Ser (S). Thr (T). Asn (N) FlHis (H) ™!, I
A LS TN 27 e 14 G [ 2 O U S AL s
LARWESPDEHEIH T 0, . 'k, &R
T QA3 K FIRS6 i1 o Wik SESRAMA IS 73R 3A
Haifbsrdr, KM QM M RAESFHAE
FMN fyE4, UL Q43 i AT /2 FMN 5 2 (H i i
FRah A RN, BS FMNIC(2) = OB
A5t (K2), Rz LA, HAKSFMN M4
BAYWEIR . TERS6 (7 B R AR, HAA RA A
R56H N& MR8 R FMN 58 A4 &, HAE
445 nm, 70 pmol-m™2-s ¥V T BEYT 5S minf5, RAF
& LovPSO2-R56H 1) O, r= i A i ¥ & (&l S1),

R56H E\
3.0

ol 2% Vs
FMN Y LS
g/\yw\?

¥L103T

Fig. 2 Structure model of LovPRO2 and site—directed
mutagenesis targeting amino acids based on the
phototropin—1B-like from Oryza sativa japonica

The LovP structure was simulated based on the crystal structure of
AtPhot2LOV2 (PDB: 6QQH) using SWISS-MODEL, created and
analyzed using PyMOL (https:/pymol.org): FMN (yellow), proton
donor residues (green), residues that may be involved in the formation
of water channel residues (magenta), dashed lines indicate possible
HBs.
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SEX—RNER TR, BRELNHIE, 1]
REfEHE T FMN (GiR Jab #2, NI o 1 H
GYRIE . EAERD, L1035REREH T O,
PEK RS A FMN [R5 T R H Bk,
2 S R R R PG R B R,
FATHE LovPSO2-R56H 3L filt [, K L103 £ 4 %
AR ETER IR IR (SHT), URRREIRTE
A 5T N KGE T BT R DR A S R e A AR

(@

=—a :SOPP
®—e:SOPP3
A—A :LovPSO2
v—v :LovPRO2

3000

t/min

R AT ek 2 SR FE W], 48 K LovPSO2-
R56H-L103T % Z 4ifb HASEKLFMN, LAk, 5
LovPSO2 A [, %€ 7% & LovPSO2-R56H-L103T [
O, = a M X & wm (K 3b) . FRATH Z %Ak
(LovPSO2-R56H-L103T) fis 4% & LovPRO2, 52
I 3 TR A 7] )6 & 2 FF & 1 K B9 LovPRO (D=
0.44, @(0,7=0.22) A *', LovPRO2 ('O, Fll
O, 7 i L& lim (B3, %£1),

(b)

B—u :miniSOG

| e—@ :LovPSO2
A—A 1ovPRO2

1000

0 1 2 3 4 5
t/min

Fig. 3 Singlet oxygen and superoxide anion yields of the proteins
The changes of fluorescence intensity of SOSG oxidation products of SOPP, SOPP3, LovPSO2, LovPRO2 (a) and DHE oxidation products of
miniSOG, LovPSO2, LovPRO2 (b) under blue light irradiation (445 nm, 70 umol-m™-s™"). The error bars show the SDs (n=3).

Table 1 Comparison of biochemical and biophysical characteristics of LovPs"

Protein Absorption Emission @,” @ ('0,) (vs SOPP3) @ (0,7) (vs LovPSO2) @ (0,”) t,,/min”
dyp/am?  e/(L'mol™-em™? 2 /nm* @,

LovPS0O2 446 16.6 503 0.15 0.61 1.22 1.00 0.24 24

LovPRO2 447 16.7 504 0.16 0.49 0.98 1.46 0.35 7.1

SOPP3 440 17.6 495 0.41 0.50 1.00 — — 2.7

miniSOG 448 16.9 504 038  0.05Y — — — 222

SOPP® 440 14.5 487 0.45 0.19 — — — —

DAll data were measured in H,0-based Tris-HCl buffer (50 mmol/L Tris, 500 mmol/L NaCl; pH 8.0). ?Estimated accuracy of 1 nm. *The molar
extinction coefficients of FMN (¢=12.3 L-mol™'-cm™) was used as a reference to calculate the molar extinction coefficient of LovPSO2 and
LovPRO2. “Estimated accuracy of +2 nm. *The fluorescence quantum yield of SOPP3 (&, =0.41) was used as a reference to calculate the
fluorescence quantum yields of LovPSO2 and LovPRO2, for an estimated accuracy of +0.02. “Estimated accuracy of £0.02. "The fluorescence half-

life of proteins under blue light irradiation (445 nm, 30 mW/cm?). ®Data from Westberg er al.*!.

22 EARESH 23 BN BESENMBERESFHAERET
F i1 % miniSOG. SOPP3. LovPSO2. FER

LovPRO2 i W Wit A1 2% 56 S 3k #E 47 7 br . & B
miniSOG. LovPSO2. LovPRO2 FME IS FIZE G
AL, 5 SOPP3fHLL, BATMMRIOEIEA LR T
216 nm, DECEIEMAR T8 nm (K 4),

FAT153 50 8 F SOSG ¥R %1 F DHE #5841 4347 T
YOG AE 445 nm . 70 pmol-m™-s™ ¥ G IRAT T 910,
o, rmia (E3), g R, FF256H 10 min
J&, LovPRO2 140, /™ i 43 5l /& LovPSO2 [ 1.24

¥ . SOPP3 ) 1.23 1% F11 SOPP 11 5.29 1% (&l 3a) ,
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(a)
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— miniSOG
—— :LovPSO2
—— :LovPRO2
2
<
g 0.5
=}
Z
0 1 1
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Anm

Prog. Biochem. Biophys. 2025; 52 (2
(b)
Lok ——:SOPP3

—— miniSOG
—— :LovPSO2

g —— :LovPRO2

=

g 0.5

z

1
600 650 700
Anm

0 1 1
450 500 550

Fig.4 Spectral analysis of the proteins
Normalized absorption (a) and fluorescence spectra (b) of SOPP3, miniSOG, LovPSO2, and LovPRO2.

Fr4E 6 5 min J5, LovPRO2 ¥ O, 7 1 43 il &
LovPSO2 [¥) 1.84 % Al miniSOG 4 1.90 % (& 3b) .
XM, FE445 nm. 70 pmol-m?-s™ W YA ST,
LovPRO2 3 F5 1) 'O, F1 O, 7 1 o

JERTBFR R, BEECIRE R E R, SGiE
FI 22 DGR O, = a0 ), S T sk G IsE
X S ) it ' B R 1] £ 1O, P B R R ), R AT X

(a) )
SOPP ——:0 min
0.08F —— 2 min
:4 min
:6 min
:8 min
:10 min
- 0.04
0 —
300 600
(c)
0.08 LovPSO2 .
—— 2 min
— 4 min
—— 6 min
—— 8 min
—— 110 min
< 0.04
0 L h .
300 400 500 600

A/nm

SOPP. SOPP3. LovPSO2 #l LovPRO2 7E 445 nm,
70 pmol-m™s™ W AT A G RR E PE AT A BT
& BB ATIHE 400~500 nm 313 Bl P {7 H A/ INER B Y
HEH (E5) . 256 JEHGNTE 445 nm Kb
M2k (Bl 6a) Sk EIEST T SOSG Ak ™ i i
F (K 6b), JfLLSOPP £ H,0 % 2% b ifg v i 15
10, 7 F R (0,=0.197" ) X Bk &

(b) '
SOPP3 — :0min
0081 —— 2 min
— 4 min
—— :6min
—— 8 min
—— :10 min
- 0.04 -
0 1 .
300 400 500 600
A/nm
(d)
0.08 LovPRO2 — 0 min
— 2 min
—— 4 min
:6 min
:8 min
:10 min
0 L A )
300 400 500 600

Anm

Fig. 5 Photostability analysis of the proteins
The changes in the absorption spectra of SOPP (a), SOPP3 (b), LovPSO2 (c), and LovPRO2 (d) were recorded under blue light irradiation (445 nm,

70 umol-m™-s™") for 10 min.
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SOPP3 Hl LovP YEE8 7 1) 10, & Fr= %, ARHE A

A . o .
%@s, 9 H SOPP3 1) '0, 1 F 7= %4 0.50,
siads

LovPSO2 'O, & = % 4 0.61, LovPRO2 [1J'0,
wF R 049 (R, MAH, KT HE
LovPSO2 il LovPRO2 ] O, HF 177 %, AR K
LovPSO2 Fl1 LovPRO2 [#°FMN H ] F 4 ji 'O, Al

D, =

(@
1.00

095 -

Norm. Abs.
=)
el
S
T

=—u :SOPP
e—o :SOPP3
A—aA :LovPSO2
¥v—v :LovPRO2

0.85

080 Il Il Il Il Il
0 2 4 6 8 10

t/min

0,7, MIFEAXL 00O)=1-0, -0, , i
LovPSO2 [ O, & T 7= %4 0.24, LovPRO2 ] O,~
HTEHEN035 (R, LUESSRE, LovPSO2
JE— RO, TR A I LOV L BUA
H'O, 5T 43 & LovPRO2 114 1.24 4% F1 SOPP3
1) 1.224%; LovPRO2 j&—F O, H 17 FAHX 4L 5
OGEGR, H O, #7735 & LovPSO2 1Y 1.46 i

(b)

1.6 - m :SOPP
® :SOPP3
A :LovPSO2
_ 121 v :LovPRO2
=}
=
59}
2 08
o
2
Lo
0.4
0.0
0 2 4 6 8 10
t/min

Fig. 6 Quantum yield of singlet oxygen of the proteins

The changes in absorption intensity at 445 nm, all data were normalized to the initial absorbance (a), and SOSG oxidation rates (b) of SOPP, SOPP3,
LovPSO2, LovPRO2 under blue light irradiation (445 nm, 70 pmol-m™-s™") for 10 min. The error bars show the SDs (n=3).

24 EHRBEGSWH

B T R X T 2540 R 2 % 45
RS AR B oG EE 2 Y, TR . DRI g
H A7 ROS B AR B M SR N 2R, i 4l i s
TR FL SR P9 B IR B 2 E 37°C, TR A i Y
TR B A 42~45°C, (AL, FRATE— 08 T
miniSOG. SOPP3. LovPSO2. LovPRO2 fjJt:faE
P A 37°CHI 45 CAA T IR R e M.

T BRI AR E I, FRATT 4 B X
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Fig. 7 Absorption spectral analysis of the proteins
The changes in the absorption spectra of miniSOG (a), SOPP3 (b), LovPSO2 (c), and LovPRO2 (d) were recorded under blue light irradiation

(445 nm, 30 mW/cm?) for 20 min.
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Fig. 8 Fluorescence half-life of the proteins
Normalized maximum fluorescence values of miniSOG, SOPP3,
LovPSO2, and LovPRO2 under blue light irradiation (445 nm,
30 mW/cm?) for 20 min.
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Fig. 9 Thermostability analysis of the proteins
The changes in absorption intensity (a) and fluorescence intensity (b) of miniSOG, SOPP3, LovPSO2, LovPRO2 at 37°C for 20 min. The changes in
absorption intensity (c) and fluorescence intensity (d) of miniSOG, SOPP3, LovPSO2, LovPRO2 at 45°C for 20 min. The error bars show the SDs
(n=3).
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Fig. 10 Phototoxicity analysis of the proteins in E. coli BL21(DE3)
E. coli BL21(DE3) colony growth on LB solid medium (a) and the phototoxicity lethality of LovPSO2 and LovPRO?2 for E. coli BL21(DE3) under
blue light irradiation at 445 nm, 30 mW/cm? (b). ** Indicates that the lethality of strains expressing LovPSO2 and LovPRO2 was significantly
difference from the control group (P<0.01), the error bars show SDs (n=3).
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Fig. 11 Phototoxicity analysis of the proteins in HeLa cells
The phototoxicity of LovPSO2 and LovPRO2 on HeLa cells were
measured via flow cytometry in the dark or under blue light irradiation
at 445 nm, 30 mW/ecm® ** Indicates the light group significantly
difference from the dark group (P<0.01), and the error bars show SDs
(n=3).
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Cytotoxicity Studies of Light—oxygen—voltage (LOV) Domain Photosensitizers
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Abstract Objective At present, the most commonly used photosensitizers in photodynamic therapy are still
chemical photosensitizers, such as porphyrin and methylene blue, in order to specifically target cellular tissues,
and thus poison cells, chemical photosensitizers need to use antibody conjugation or a transgenically encoded tag
with affinity for the modified photosensitizing ligand, e. g. FIAsH, ReAsh or Halo Tag. Gene-encoded
photosensitizers can directly poison cells by targeting specific cell compartments or organelles. However,
currently developed gene-encoded photosensitizers have low reactive oxygen species production and low
cytotoxicity, so it is necessary to continue to develop and obtain photosensitizers with higher reactive oxygen
species production for the treatment of microbial infections and tumors. Methods In this study, we developed a
photosensitizer LovPSO2 based on the light-oxygen-voltage (LOV) structural domain of phototropin-1B-like
from Oryza sativa japonica. LovPSO2 was expressed in E. coli BL21(DE3) and purified to obtain protein
samples, the purified protein samples were added 3 pmol/L singlet oxygen probe of SOSG and 5 pumol/L
superoxide anion probe of DHE after fixed to 4,,,=0.063£0.003, respectively, then measured every 2 min of
singlet oxygen production for 10 min and every 1 min of superoxide anion production for 5 min under blue light
irradiation at 445 nm, 70 umol-m~-s™". Results The results showed that LovPSO2 could produce a large amount

of singlet oxygen under blue light irradiation at 445 nm, 70 pmol-m™'s™', and its singlet oxygen quantum yield
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was 0.61, but its superoxide anion yield was low, so in order to improve the superoxide anion yield of LovPSO2, a
mutant with a relatively high superoxide anion yield was obtained by further development and design on its basis
LovPRO2. The stability of proteins is crucial for research in drug development and drug delivery, among others.
Temperature and light are the key factors affecting the production of reactive oxygen species (ROS) by
photosensitive proteins and their stability, while the temperature in cell culture and mammals in vivo is about 37°
C, and the temperature inside tumor cells is about 42—-45°C. Therefore, we further analyzed the photostability of
miniSOG, SOPP3, LovPSO2, and LovPRO2 and their thermostability at 37°C and 45°C. The analysis of proteins
thermostability showed that LovPSO2 and LovPRO2 had better thermostability at 37°C and 45°C, respectively.
Analysis of the photostability of the proteins showed that LovPRO2 had better photostability. In addition, to
further determine the phototoxic effects of photosensitizers, LovPSO2 and LovPRO2 were expressed in E. coli
BL21(DE3) and HeLa cells, respectively. The results showed that LovPSO2 and LovPRO2 had better
phototoxicity to E. coli BL21(DE3) under blue light irradiation, and the cellular phototoxicity lethality was as
high as 90% after 30 min of continuous light irradiation, but the phototoxicity was weaker in HeLa cells. The
reason for this result may be that the intracellular environment exacerbated the photobleaching of FMN
encapsulated by LovPSO2 and LovPRO2, respectively, which attenuated the damage of reactive oxygen species to
animal cellular tissues, limiting its use as a mechanistic tool to study oxidative stress. Conclusion LovPSO2 and
LovPRO2 can be used as antibacterial photosensitizers, which have broader application prospects in the food and

medical fields.
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