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%% Bi2imh eI A

ol 1, R IH R A HER R

1 VLM R2E AR ARG, V98 o8 214122

2 VLR RS AW TRE2BE Mifb2: SAEYEAREEME S LR S, 1L X8 214122
3 VLR RS AP TREYEE Tk AEYHARHEMELALRE, L L8 214122

4 VLR R% b2 S5hR TRSBE, VIR T8 214122
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B E. BAREL ISR S B R, SR TR B, ERFAR. BATH mILB
REREE T 2R T ARARK, HFENES. LEIK. WEERAIE T EZS P, KRS AR
5 B A B T kAR L R AT 69 40 1A BA RGBA B . 18 i £ K 4T # (Escherichia coli) BL21(DE3) ¥ 5+
TBERGE 5 AR KR 4 0 W B RERBE, 53T T E X F J84F 1 (Bacillus megaterium) A= % k) 5 4
(Verrucomicrobium spinosum)k /7 &) B & B B& TyrBm #= TyrVs, B7% 9 %] 4 (16.1£0.2) U/mL #=
(48.6+0.9) U/mL. %4t /58T b4 TyrBm 5 TyrVs ¢98& 3 M7, E80 T TyrVs A £ &6 AA8 2
Fa kMt — . ERAE TyrVs S feag Amh b, #2357 TF TyrVs BIe) Bk A LK%,
FILT RALABAC R K, REEFEEINIFA 14 d FE 56 & Z/EAE LT 7.38+0.64. H1EFIE
1074 b Bl ik o B, RAMIE T ARH T B L FARE CipA 9 B £ LB TyrVs-CipA ALK & FF 5 F
F K% 2% % fk(hydrolysed silk fibroin, HSF)#9 % €454 (DOPA modification), B&i% 4t 7 K VA
£, FRZEHMEARDL 70.00%. H—FARKYN, $EGE HSF A 1,1- =K -2- Z AR KM
(1,1-diphenyl-2-trinitrophenylhydrazine, DPPH)A &1L 5 O, A AFRF RS AR ST 507.80%5
78.23%. AHFR A KT BRI 09 4 & A Y R F BARR TAZ A M AFHIT R RALT AR A4,
KR WH AR, BTIBE; AMERA; KBLE;, e
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Heterologous expression of bacterial tyrosinase and its
applications in biological hair dyeing and DOPA
modification of hydrolyzed silk fibroin
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KANG Zhen"*"
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3 Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University,
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Abstract: Tyrosinase is a copper-containing polyphenol oxidase widely applied in the food,
cosmetics, pharmaceutical, and other industries. Currently, the production of commercial
tyrosinase primarily relies on extraction from fungi, which has high costs, low purity, low
specific activity, and poor stability. The objective of this study is to obtain highly expressed
bacterial tyrosinase with potential for industrial applications. The bacterial tyrosinases from five
different sources were heterologously expressed in Escherichia coli BL21(DE3), and the
tyrosinases TyrBm and TyrVs derived from Bacillus megaterium and Verrucomicrobium
spinosum were obtained with the enzyme activities of (16.1£0.2) U/mL and (48.6+0.9) U/mL,
respectively. After protein purification, we compared the enzymatic properties of TyrBm and
TyrVs, which revealed that TyrVs exhibited better thermal stability and higher substrate
specificity than TyrBm. On the basis of characterizing TyrVs with high catalytic performance,
we established a biological hair dyeing system based on TyrVs catalysis to achieve in-situ
catalytic hair dyeing. The color washing fastness test measured the AE value less than 7.38+0.64
after simulated 14-day cleaning. To facilitate the rapid separation of catalytic products and
enzymes, we successfully constructed an immobilized enzyme TyrVs-CipA dependent on
self-assembly label CipA and applied this enzyme in the DOPA modification of hydrolyzed silk
fibroin (HSF). The immobilized enzyme continuously catalyzed HSF for more than seven cycles,
resulting in a single DOPA modification degree exceeding 70.00%. Further investigations
demonstrated that DOPA modification enhances the scavenging activity of HSF towards DPPH
and O, radicals by 507.80% and 78.23%, respectively. This study provides a technical
foundation for the development of environmentally friendly biological hair dye based on
tyrosinase and biomaterials for tissue engineering.

Keywords: bacterial tyrosinase; immobilized enzyme; biological hair dye; hydrolyzed silk fibroin;
DOPA modification
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Ji% Z PR (EC 1.14.18.1, tyrosinase, TYR)/Z&
— M (D 2 By A AL, HA R T A
My RS YE, AT Y . AR
AR RAR . K. KEREWRNE
WA AR, e B s
25O BT AR AR AR R AR AL R
FRTF RO A vz 1

H FTA T b A 1 T 22 R TR (Agaricus bisporus
tyrosinase, TyrAb) 322 )\ EL IR H 2 HL, - 7E 4%
Ev ot SHEERCAR . FUBETE A R) T, kAR K
BRI 1 s 2 I Tl ) N P, T S 2 401 T i 2 PR it
BATM 25 pH {E . il FA AL R S o 4%
TR Y WEE AR AEYFEE AR R E, K
1% ¥F I (Escherichia coli)%s 240w T.) B A
ERMENEH KRG, HARKIRKEGHE
fit PR LA @ & 28 . Zhou ZEPIE5 4 7 W)
AL SR R BE , XTE K ZEHFF I (Bacillus
megater i um) > 5 i) E 2 K A R A TG, JT
HON T A58 2 A A 45 5 AR I g 2
*F 5 Hh B /K G (Ralstonia solanacearum) >k i
1 A B W A T EL L R A | BT R K
HWH F 26 i 22 B2 (L-DOPA) ) i S5 AL il £
Zhang Vg i RSO SR IR AS R Z e
9 (Verrucomicrobium  spinosum)i i it i 2 ik
ML, SEE TR A D T A ) AR BB o

WAL, 2 T 2 IR il 1 T I A W g
KRB SR R R A T R . i L
A, TS SR A T A ) g S v ) I FH 2 |
RFKE . RATAG bz g i, Bk R
REIEAM . FR. A% L-DOPA
Y, &g S il T 2 B4 % (dopachrome,
DC), i —H i fb2=ikid i DC A s i
B ZE TR 5,6- B FEM5|WE(5,6-dihydroxyindole,
DHI), 523 T 2 eA:Mgs k8o DHI RYAEY)-1k
248 Battistella 25BN 2 [ e gy 'k Ry LA

&: 010-64807509

PE—HIRAFRR, U TyrAb AT T AR
IR BE Y k55 Shen 2 UI ] TyrAb LA
[ L-Fs MR Y, HEARE T T T
fiti 5 4 )@ AOR PR g ko A, T
DOPA %t J5HH A4 20 20 T R A= W0 b R B R 5
WAERWT R, 0 &0, DL (1 2 ki a4
DOPA i, TRILEEFIRIRHA DOPA 5k,
BRARoE gkt , ATl L Rmahsft, H
Herm Shra b e, Guo A
TyrAb #1725 06 W AKA L4 DOPA &14fi, HF
W95 DOPA 78 T35 310 DL J ik v 4 7 F D
Kim ZUf A TyrAb #E47 52005 D12 A A9 4t
DOPA &1, il 7 ] b F A8 A i A
YIEK o A, 2238 M (silk fibroin, SF)YEA 1)
RIRAWIM R, B U500 R P06 1 5 AR A 25
PECOP, Hr A e A iR sk, T DIE A Rk
1 DOPA f&/fi, Das 252 ff TyrAb #8417 SF 5
B DOPA &4 5281k, Hil s B4l 4L TR
b, SR, WS TyrAb TEARIME it Firh iy
A2 | RN AN ATk B AR e 4
il B AL A L

AHIFGEXS 5 FiAS ] SFe U5 1) 240 A i 2 1 i
gt RRTE, e T AR mEENEL
fi& A Rl TyrVs 5 TyrBm., | 412/ %E )2
BBl 7 TyrVs 5 TyrBm 4kl 6, &
PERL i T EE 2 R A PR G TyrvVs HoA AR
EMER . MAAROR LR 2P, T
T TyrVs AL ERE AR RIE R, ZIERE
A BT B R ROR G —E MK BEEAR L thAh,
h SRS DOPA 84 ) AT P4 Ak K Atk 7= 4
ST IGHE A B MR TR T B 43R4 CipA
() [ 7€ AL TyrVs-CipA LR Z, SEBE T XK
fift 22 % 22 JIK HSF &% nl 5 (B4 1A 4N DOPA
&4, 4 DOPA &4fi ) mHSF X DPPH H H &
HBAWNETHMEERE I MNEST

PX: cjb@im.ac.cn



3086 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

507.8%5 78.23% . AT by Fk T 2 IR T 1Y)
oA Wy g 2 00 M 2L 2R TR AR b RE T & S5 4 g
AL T H R ILA S A

AR

1.1 ##y
1.1.1  EHRFA AL

ARSI A ) OB A i 5 R IR I TE E. coli
BL21(DE3)+#17. itk E. coli BL21(DE3) i ASE
= fA7; ki pETDuet-TyrBm, pETDuet-TyrVs,
pETDuet-TyrRe . pETDuet-TyrRs. pACYCDuet-

TyrMm-CPMm A= TAEY) TR E )i A R
AR . ASBIFSE i fi Sk ) JBoR
TEWLEE 1, FEDR 58 B Aok A4 2 B F 5 1403 D
2,
1.1.2 iR F

AWFFEHE A PrimeSTAR®™ HS (Premix)

PrimeSTAR® Max (Premix)¥JIlg [ TaKaRa 7
Fl; Gibson 413" 5 i &0 H New England
Biolabs /3 7l ; Green Taq Mix ., PR3 FUkr /M
& DC211 ¥ B m st it e LE IR i A
FRAT ;s ekl . PRI A OXOID A+ ;

F 1 AFRFTARRFEK
Table 1 Plasmids and strains used in this study
Name Description Sources
Plasmids
pETDuet-TyrBm pETDuet-1 containing TYR gene from B. megaterium This work
(GenBank: ACC86108), Amp®
pETDuet-TyrVs pETDuet-1 containing TYR gene from V. spinosum This work
(GenBank: QCX19278.1), Amp®
pETDuet-TyrRe pETDuet-1 containing TYR gene from Rhizobium etli CFN42 This work
(GenBank: WP_011053333.1), Amp®
pETDuet-TyrRs pETDuet-1 containing TYR gene from R. solanacearum This work
(GenBank: WP_011000301), Amp®
pACYCDuet-TyrMm-CPMm  pETDuet-1 containing TYR gene and caddy protein from Marinomonas This work
mediterranea (GenBank: AAV49996, AAV49997), Cm"®
pET28a(+)-CipA pET28a(+) containing CipA gene from Photorhabdus luminescens, Kan® Lab stock
pETDuet-6His-TyrBm pETDuet-1 containing a N-terminal 6His gene fused with TyrBm, Amp" This work
pETDuet-6His-TyrVs pETDuet-1 containing a N-terminal 6His gene fused with TyrVs, Amp" This work
pET28a(+)-CipA-TyrVs pET28a(+) containing a N-terminal CipA gene fused with TyrVs gene, Kan® This work
pET28a(+)-TyrVs-CipA pET28a(+) containing TyrVs gene fused with a C-terminal CipA gene, Kan® This work
Strains
Escherichia coli BL21(DE3) Expression host Lab stock
E. coli BL21(DE3)-Bm E. coli BL21(DE3) harboring pETDuet-TyrBm This work
E. coli BL21(DE3)-Vs E. coli BL21(DE3) harboring pETDuet-TyrVs This work
E. coli BL21(DE3)-Re E. coli BL21(DE3) harboring pETDuet-TyrRe This work
E. coli BL21(DE3)-Rs E. coli BL21(DE3) harboring pETDuet-TyrRs This work
E. coli BL21(DE3)-Mm E. coli BL21(DE3) harboring pETDuet-TyrMm-CPMm This work
E. coli BL21(DE3)-Bm-P E. coli BL21(DE3) harboring pETDuet-6His-TyrBm This work
E. coli BL21(DE3)-Vs-P E. coli BL21(DE3) harboring pETDuet-6His-TyrVs This work
E. coli BL21(DE3)-CipA-Vs E. coli BL21(DE3) harboring pET28a(+)-NCipA-TyrVs This work
E. coli BL21(DE3)-Vs-CipA E. coli BL21(DE3) harboring pET28a(+)-CCipA-TyrVs This work

http://journals.im.ac.cn/cjben
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x2 KARFASY
Table 2 Primers used in this study

Primer name Primer sequences (5'—3") Size (bp)
6His-TyrBm-F  CACCACGGAGGAGGAGGATCCATGAGCAACAAATACCGTGTTCGTAAAAAC 51
6His-TyrBm-R ~ TCCTCCTCCGTGGTGGTGGTGGTGGTGCATATGTATATCTCCTTCTTATACTTA 76
ACTAATATACTAAGATGGGGAA
6His-TyrVs-F CACCACGGAGGAGGAGGATCCATGGCGAAATACCACCGTCTGA 43
6His-TyrVs-R TCCTCCTCCGTGGTGGTGGTGGTGGTGCATATGTATATCTCCTTCTTATACTT 76
AACTAATATACTAAGATGGGGAA
TyrVs-N-F ATGGCGAAATACCACCGTCTGA 22
TyrVs-N-R TTATTTGTTGTTCATTTCACCCGGACGAG 29
N-CipA(28a)-F ATGAACAACAAATAAGAATTCGAGCTCCGTCGACAAG 37
N-CipA(282)-R  GTGGTATTTCGCCATGGATCCTCCTCCTCCCATAGAGATTTCTACGCAATTAA 64
TGTAATCGCAG
CipA-F ATGATTAATGACATGCATCCTTCTTTAATTAAAGATAAAGATATAGT 47
CipA-R TTACATAGAGATTTCTACGCAATTAATGTAATCGCAG 37
C-CipA(28a)-F GAAATCTCTATGTAAGAATTCGAGCTCCGTCGACAAGC 38
C-CipA(28a)-R  GTGGTATTTCGCCATTATATCTCCTTCTTTCTAGAGGGGAATTGTTATCC 50
TyrVs-C-F ATGGCGAAATACCACCGTCTGA 22
TyrVs-C-R CATGTCATTAATCATGGATCCTCCTCCTCCGGATCCTCCTCCTCCGGATCCTC 85

CTCCTCCTTTGTTGTTCATTTCACCCGGACGA

Underlined sequences represent homologous sequences.

KA 220 B IR AE R A IR A R 2R
HHR., AER. MR RISEEHE AL TAY
TR A BR A E H R, -
R S5 A 22 s R AR AR R B A BR A+ o
1.1.3 EHxEE

LB (Luria-Bertani medium) (g/L)J&AKRE S
. FAk#h 100, EEEERY 5.0, B 10.0.

LB [E A 773 (g/L): EAbAN 10.0, FEELR
5.0, FEAM 10.0, K 15.0.

LB i (0 de 5 77 Bk (g/L): SALEN 10.0, B¥
BEHY 5.0, FEA 10.0, BIEH 15.0, JEf7[E A
B 2 FEHIVERT N 10 g/L L-Ji% %2 .0.2 mmol/L
CuSO, &% 1 mmol/L IPTG {&4) 5 {#

1.1.4 KE&#HH

ARSI e B 2 R R (2 BT,
GREEZ 6.5 B, 18 emx1 g, H K 16 cm,
WA AR R R A PR AR . (B, BT
5cmx0.28 g ROFH T YL R 505 .

&: 010-64807509

1.2 A%
1.2.1 HEHkEE

EAS 1Y 6His-TyrBm-F #1 6His-TyrBm-R ,
6His-TyrVs-F F1 6His-TyrVs-R 43 5l 5 # 14
pETDuet-TyrBm , pETDuet-TyrVs £ PCR 44 |
Gibson 412, HEEAIZA pETDuet-6His-TyrBm
5 pETDuet-6His-TyrVs,

i 51 ¥ TyrVs-N-F #ll TyrVs-N-R |
TyrVs-C-F il TyrVs-C-R 43| 544 pETDuet-TyrVs
#: PCR ¥ 14458 i B TyrVs-N 5 TyrVs-C; fifi [
5]|%) N-CipA(28a)-F #il N-CipA(28a)-R. CipA-F
M CipA-R., C-CipA(28a)-F Fll C-CipA(28a)-R 435
53k pET28a(+)-CipA £ PCR 4 3 4R1F Bt
NCipA(28a).CipA ,C-CipA(28a); ¥ i Bt TyrVs-N
5 Fr B N-CipA(28a)% Gibson ZH%%, s
# A& pET28a(+)-CipA-TyrVs; # H Bt TyrVs-C
5 F Bt CipA Fil Fr Bk C-CipA(28a)%4: Gibson 2H %,
P 8 H 4 34K pET28a(+)-TyrVs-CipA.

PX: cjb@im.ac.cn
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A e FE AL A E. coli BL21(DE3)
S, SRR B A AT R
LB Vil b #REU# b 3E1T PCR Bk 5%,
T 235 SR b A 15 O — S B 2 AR AR A
5 A AN 28R P R R D) A e ) %) o 2 R R
1.2.2 EHEHKEF

PP % . T IR R TR PR — PR T
W, TEAHNPUEZRM LB Vi BRIk,
BT 37 CCHIBHFA PR 12 h J5BUH . PREL
FPEIE AT 5 mL SAHNBUAE R A LB iR IAS:
FEIerp T 37 °C 220 r/min 5544 F 5538 10-12 h,

REERESR . BRI 1% (R340
AR AT 50 mL LB SHIR B4 R
LB & A4 35 3519 500 mL E i, T 37 °C.
220 r/min 5/ T 3557 2 ODgoo N 0.6-0.8, ¥/
Y E 1 mmol/L i IPTG, T 37 °C. 220 r/min
KIS 6 h IG5 A,

1.23 EHD4K

(1) BEAPREEN Ni kEsEAalifh

WHBEKARSE NG, WEKT 4 °C.
6 000 r/min 254 F&.0> 8 min, 3¢ Fi%, B AL,
{5 F 20 mmol/L Tris-HCI1 (pH 7.4)BEiE F A 1-2 1%
J&, VAT TR 2 ODgoo A 10.0, ZREAIH
WS, T 4 °C .10 000 r/min £ F 5.0 20 min,
R0 EiW, @ 0.45 um JEIEEIE)S %,
RPFRRAlA A i

{11 AKTA 25 14010 RS T N SR FIZDT
Bl 50 mL 4ifk# A (50 mmol/L Tris-HCI,
150 mmol/L NaCl, pH 7.4)°F-fff Ni-His Trap FF
FE, R AT R AAL AR S BAE, IR S Yk
PR 4li4b % B (50 mmol/L Tris-HCI, 150 mmol/L
NaCl, 500 mmol/L BkMk, pH 7.4)u47 25 1B 2%
TR

(2) FET HYI2EPRZE CipA B 1% 2 B2 T 25 11
ra AR (K (tyrosinase protein crystalline inclusions

http://journals.im.ac.cn/cjben

based on self-assembly label CipA)[il & fkBfFAY 4l
EH R A TEAS NS, BT 4 °C .6 000 r/min
2 R 8 min, 3 1, BB A 20 mmol/L
Tris-HCI (pH 7.4)BE A 1-2 5, T35 Il
WHE S ODgoo M 10.0, ZEESIRME, F
4 °C, 10 000 r/min Z5F F &0 20 min, 7+ L.
TR VLTE

TLVENH FH 20 mmol/L Tris-HCI (pH 7.4)%% %
1-2 W B0, RIS 2 BRI A IR SR AR AA
R ] s 2 PR
1.2.4 [ERSEREIE AN

(1) M2 2 il 1t 2,

K EA A PR TG, T oA
NHTAERR LB W AR Rk, JbE
T 37 cCIEEIG FRA G FF 40 h, 1 A F-H AR S
FER AN H2H B MR TE R S 35 S T A TR AR
it 17 1

(2) BEARAYL 96 FLAR KL FE B A

fiff FSE 6 AT AT pH (EAYZE s L 2 mmol/L
L-F8 Z R (3 & E 0.2 mmol/L CuSOy) SR
W, AR BEIR RS 1 min DA E, &R
W) 4. B 96 fLAR, BAALESHIN 290 pL K2
W 10 pL FEINERR, FAHR R RN,
FABEAR A B SN 0, 5. 10 min J5, id5%
ZALLE 475 nm FOG(E AR 4L, 15 010 min
W Agrs BARARAEL AR, BRI A 1T 3
MG . DL L-BE R AR, YR A K
1 pmol/L Z2 AR, BIF-345 5341 Ayrs 1511 0.001
1L AEEE AL, 2N 1 U,

1.2.5 MRABREMEEF RS

PEFTE A 1.2.3 At 4B AL TR B R 1R 2l
RO M S 0.1 mg/mL, FHIE VLT B o

(1) pH X i 24 TR TG 2 1) 5% T

PEHL 100 mmol/L A7 R -FrA IR — 4N %% vh
W (pH 3.0-5.0). 200 mmol/L Na,HPO,-KH,PO,
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22 (pH 5.0-8.0). 50 mmol/L Tris-HCI 2% i}
W (pH 8.0—9.0)% 100 mmol/L H % #2-NaOH %%
MR (pH 9.0—10.0) A A [7] 22 i X 8] A9 22 b ik,
F 37 °C R HFLLHRG: SN, W il 0% - 22 il AR X
fif 175 £ o

(2) 0k X P 2 R Il 1 2k ) 52 i)

A3 9B TyrVs 1 TyrBm B#3&E pH R
1) pH 451, 205 F 25, 30, 35, 37, 40, 45,
50, 55. 60 °C N Hpgedfciz i, W B i 4
A X T R %

(3) T A PR il AR P Ik

PO FREM . 2R SEERE T 20,
30, 40 °C F RIS, DA% B 5l
SRAE SRy T 0 S B B SN S A, REERAR T S
N il % 22 R A Bl G S, SCRR TA) 2 i
Ak B AR S A 100%

UKURORAERCGE M . T Ao I Sl B rh A i ¢
WRE R 15%/ T, IRE¥WSE, T-20 °«C%
AR, BUh e e e )G, DA H RS R
IO 25 A2 oA T O R B P S N R, RRERR IR
I, I O R AR S e, U R
AE B AR S S 100%

(4) BRAPREE 3 )15 S 500 %

T AN [F] v FE 1) L- % 22 2(0.05—2.00 mmol/L)
SR, VAAS B i S A% 1 R i D B 1)
RN A, RS RN, W i I8 R
I BOE A TR 3 12 S 80
1.2.6 FAIW

Berp R A K, BTHCS emx0.28 g R5)
HEATSESS o e R PRAERT, ] 5% (Bt s34%) SDS
2 30 min J5, A KRS T Yk
pH & 6.0 ) 200 mmol/L Na,HPO,-KH,PO, fi
fil 0.5 g/L 1Y L-FE MR, FEUS AW E
0.2 mmol/L /) CuSO,4 & 20 ug/mL [ TyrVs #fifif
W, BMECEAH. Jknt, HkraskEE

&: 010-64807509

T 0.5 g/L L-B R, E iR 5 min, Bl)5E,
Btk &, 564id % T 10 mL ek R, i
J&i, F 37 °CIE LR K o S AH B B [E] B
il R K Mk . T
1.2.7 K& S FRAE

(1) €820 e

1 €8 22 43 AT A 3R A5 Sk & B 6 1Y) R AE
(L*, a*, b*), RSB EEEAE, B4
BESEATINE 3 K. AE IHEARUWT .

AE=1/(AL')> +(AQ")* +(Ab’)?

(2) kK EHOWIE 5

kRGBS, RS KRS . T,
BRI F SR b, B84 100 s 5, A
i, {2 7% (scanning electron microscope, SEM)
gk & R BB R IEA, MR R 3.0 kV,

(3) K UE AR

N E Y K I K BRI,
Je A vk kB, A T R B e A kR R
KBRSk & H w7 W, BRI . BOE
HUERKBEVE LR 1 min 5, MPyETH. wT,
w0 1 IRIEVE.
1.2.8 HSFHIRERIEN

S WA %, i T OPA/FMOC i
A7 A5 A e 80 AH €533 - 58 ARG I 75 I 8 HSF
SEA K AR I R SRR 4 4, RS HSF (1 i =R
M, FTiH5 DOPA &1 .
1.2.9 HSF &% DOPA &5 518 R E &N

£ 1 mL K&, T 4 mg/mL HSF /KE
ININZEHE M 0.2 mmol/L ) CuSO, & ODgp=10.0
F) A B BT 75 TyrVs-CipA, 37 °C. 220 r/min
TR 15 min, BE.OFEATERKSEH, biE
WY, 08 1 WAk . R
BRI, Wi 0-0.8 g/L L-DOPA ¥k, 1K
HE BT A5 BO(EL 25 A v i 28 3415 A =
DOPA &/ J¥ .
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1.2.10 fHE LR

DIZERAK s F IR, 44 R C O BT
B, 4rBIEeH 0.1, 0.2, 0.4, 0.6, 0.8, 1.0,
2.0 mg/mL AR it A, I G Sk 8 13 it
Ji. AR E T A AR A S DPPH A ik
TR

BRI E R . 27 AR
Jik VBN e 938 6 L i D TE A= il 1 5 A
fh ot e 134 i g

HAABTE T A B AR R . SRR
P TTE, DASBIR S TERME ST AR
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L 1 20 4 TG BH S 79 X iz 2 o X B AR R
20 B bR 0 A0 MR B b T A AT TS
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SEE MR L
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Jp ik — 0 E EARE AR TyrVs 5
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x3 MEMIARBAKRESSE

Table 3  Source and classification of bacterial tyrosinase

Name GenBank accession number Species Classification = References
TyrRs WP_011000301 Ralstonia solanacearum GMI1000 Type I [29]

TyrRe AAMS54973.1 Rhizobium etli CEN42 Type 111 [30]
TyrBm ACCB86108 Bacillus megaterium Type I [31]

TyrVs QCX19278 Verrucomicrobium spinosum Type I [32]
TyrMm AAV49996 Marinomonas mediterranea Typeland V.  [33]
CPMm AAV49997 M. mediterranea

http://journals.im.ac.cn/cjben



MIKM F | AERERBSYRREREREAEEMREMLZZ RS BEIGHAIMA 3091

B
Tirbs 000 TT 00000000 & s
? 30 10 50 . ( i
TyrVs MLOQLPPSDARNWYRNAFIH...... TLD| I S[Y|T GWE MR cia TyrRs
TyrBm KEKGIYDRYIAWH E TyrRe

yrRs MKGKDQTQALSWL A le G B
TyrRe LNALPASDKFNWVNLSKIHGSGD.VVKYCPELC v|T AMY v TyrBm
TyfMm SSVWEQAEGFPEISEGLVNS ., .. GTWEYLE viLoFlEBlalTIv K

TyrMm
C
n2 ad
Tyrls L 3 4 ]
110 120
TyrVs v y e erPRPIAF'VNE“YQQLSNPN%
TyrBm  .|. 2 IETDAQM S .ADFMGGNGNPIKDFIVDTGPF A
yrRs Y i LEE[AF|{TAKTY N . GKT|NPLYVENRNELTGEYALTDA|l 1
TyrRe FRIDWTDNP Y(LPEVF|TIMOKTPDGKDNPLYVS|SR , TWE ITQP MP DN|T
TyrMm YERINECDANNPALNPIHEQLOALKLPSEFGTNIPNPDF P GLWMKERA
as b o7 D kDa
TirVs 000 000000000 0000000000 TT
130 140 150 160 170 180
TyrVs LWNSFSTAQTQOMRNRG F-Q%VN'UVWQAVR[JSDNE-?-PR"‘RAR'\[’Hh‘N'P_‘HJA TRR
}:{er GRWTTIDEQIGNE SO Guis a «uwwmiads s siwranirs & iinsiaians s L KR
'vrRs lvaeTn. oo i i, FE
TyrRe LEAKP oo sre sissommie o e smiienedins sl YE
TyiMm QYQLSSQADRASCSVAMK . - v oo LONET]

Trls 20000 2000 9 M.Q.QM.QR L0000

TyrVs LElsio . \11\:*4' FRIC) - E
I‘ier rQLRRw« Glollclv
yrRs ¢ LERITAEIN N EAle e
TyiRe e QI\N‘L el
TyrMm ... .k I F L\JD‘, ERMED]
al3
Trbs 200000 T
280 290
TyrVs DL i SNHDRE K TP TGANLPLWANEPFLFFIGE
’I\%‘Bm E i A I PMKNGPFGQNFRD[PMY[?|. . _9} ’ ,5\ 3\\\ \kN(\
TyrRs V] leNMD i NALGRKNS|TDPLWLGMKFPNNYIDPQGRY YT @Q’ @ 9"9 {)@ 965
TytRe EMSS] I D R N S|TDRILWADMPF TDNF Y[DVD[GNFWS P ,\;1,\ \:a_,\ AN AN
TyiMm NT|ND ITWLNQVFDFHNADSLE[DTLSV e Y v Q; s
2 N o \ A \\Q’
Evuo o 0 @ 0
Strains

1 TRMAE KRR L & EAEREMENE s AN [ R 5 A T TS 2R 1 7 41 L X
o ANTRDA U 240 T T 208 1) [ PR LA C E@%*ﬁ&fﬂi%?ﬁ”%m%ﬁ@ﬁ“% 1: E. coli BL21(DE3)-
pETDuet (B1EXTHR); 2: E. coli BL21(DE3)-Rs; 3: E.coli BL21(DE3)-Re; 4: E. coli BL21(DE3)-Bm; 5:
E. coli BL21(DE3)-Vs; 6: E. coli BL21(DE3)-pACYCDuet (FAPEXTHR); 7: E. coli BL21(DE3)-Mm. D: #H 4
1% 94 1% it T Wk 0% T8 W B35 9 SDS-PAGE . M : SeeBlue™ i 4k (o 2K (A hnfE L s kil 1. E coli
BL21(DE3)-pETDuet AL HER L (BATEXTR); ¥Kkif 2. E. coli BL21(DE3)-Rs KB HER i ; Tkif 3
E. coli BL21(DE3)-Re B{AMIEW i ; VKiE 4: E. coli BL21(DE3)-Bm F{AHK FiF; VKl 5: E. coli
BL21(DE3)-Vs AR 17 ; VkiE 6: E. coli BL21(DE3)-pACYCDuet BRI i (BT R); vkil
7: E. coli BL21(DE3)-Mm WA B it E: 45 5541 B RRBE AR IR b 35 A I 1 1. NLDL 3RO il 36 4 R A

Figure 1 Sequence alignment of bacterial tyrosinase from different sources and chromogenic screening of
enzyme activity. A: Sequence alignment of different bacterial tyrosinase. B: Homology analysis of different
bacterial tyrosinase. C: Color changes of chromogenic plate and bacterial lawn. 1: E. coli BL21(DE3)-pETDuet
(negative control); 2: E. coli BL21(DE3)-Rs; 3: E. coli BL21(DE3)-Re; 4: E. coli BL21(DE3)-Bm; 5: E. coli
BL21(DE3)-Vs; 6: E. coli BL21(DE3)-pACYCDuet (negative control); 7: E. coli BL21(DE3)-Mm. D: SDS-PAGE
analysis for the soluble crude extracts. M: SeeBlue™™ Pre-stained protein standard. Lane 1: Soluble crude extract
of E. coli BL21(DE3)-pETDuet (negative control). Lane 2: Soluble crude extract of E. coli BL21(DE3)-Rs.
Lane 3: Soluble crude extract of E. coli BL21(DE3)-Re. Lane 4: Soluble crude extract of E. coli
BL21(DE3)-Bm. Lane 5: Soluble crude extract of E. coli BL21(DE3)-Vs. Lane 6: Soluble crude extract of
E. coli BL21(DE3)-pACYCDuet (negative control). Lane 7: Soluble crude extract of E. coli BL21(DE3)-Mm.
E: Enzyme activity of each soluble crude extract. N.D.: Indicates that enzyme activity is not detected.
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Figure 2 Effect of reaction pH and temperature on the activities of recombinant tyrosinase TyrVs and
TyrBm. A: Effect of reaction pH on the enzyme activity of TyrVs. B: Effect of reaction pH on the enzyme
activity of TyrBm. C: Effect of reaction temperature on the enzyme activity of TyrVs. D: Effect of reaction
temperature on the enzyme activity of TyrBm.
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Figure 3  Thermal stability characterization of
recombinant tyrosinases TyrVs and TyrBm. A: Effect
of incubation on the activity of TyrVs. B: Effect of

incubation on the activity of TyrBm. C: Effect of
cryostorage on the activity of TyrVs and TyrBm.
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x4 EHEBIBE Tyrvs 5 TyrBm BBz h FSH

Table 4 Kinetic parameters of recombinant tyrosinases TyrVs and TyrBm

K (pmol/L) Vinax (pmol/(L-min)) Koo (min ™) Keat/ K (mmol/(L-min))
TyrVs 300.00+0.50 75.95+0.51 29.85+0.20 99.50+0.52
TyrBm 1 604.00+68.00 129.40+2.90 46.21+1.02 28.86+0.57

i FaRgs TS, TyrVs 72/ (pH 6.0-8.0)
H s IR AR TR L1 S R HAA BT AR
B, HBFOE RIS, AT LSS By [a] 1
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RIAKI BB AT Hah 4RI KA
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Figure 4 Application of enzymatic hair dyeing system based on TyrVs in the preparation of biological hair
dyeing. A: Schematic diagram of tyrosinase hair dyeing system for biological hair dyeing. B: The effect of
hair coloring with 0.5 g/L L-Tyr and 20 pg/mL TyrVs for different time. Sample 0: Untreated human hair
with moderate bleaching injury (double bleached). Sample 1: Sample 0 treated with biological hair dye for
0.5 h. Sample 2: Sample 0 treated with biological hair dye for 1 h. Sample 3: Sample 0 treated with biological
hair coloring for 2 h. Sample 4: Sample 0 treated with biological hair coloring for 4 h. C: SEM image of
sample 0. D: SEM image of sample 4. E: SEM image of sample 4', sample 4 after simulated cleaning for
7 times.

£S5 RRLEEXREZGRZNM
Table 5 Effect of different treating times on hair dyeing effects

Sample Treating time (h) L* a* b* AE Color
0 0 65.27+0.58" 11.47+0.95° 27.74+2.61° 0.00 B
1 0.5 50.13+1.35° 6.64+0.98° 15.44+0.50° 20.12+1.41¢ [
2 1 45.46+0.83° 4.80+1.95" 11.69+0.91° 26.39+1.49° [ ]
3 2 41.11+0.54¢ 5.86+1.65" 9.00+0.88% 31.12+0.47° [ ]
4 4 37.36+0.77° 3.82+1.62° 8.42+1.60¢ 34.84+1.11° [

AE is the color difference between treated samples 1-4 and untreated sample 0. Different letters of a—e indicated significant
difference between groups (P<0.05).
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Table 6 Effect of simulated daily hair cleaning for half-month (7 times) on hair color retention

Sample L* a* b* AE, AE, Color
1’ 54.53+0.35 5.68+£0.42 17.45+0.74 16.01+£0.34 5.09+1.67 B
2’ 49.28+0.21 5.30+0.11 12.84+0.10 22.70+0.21 4.02+0.23 e
3’ 46.21+0.29 5.15£1.06 11.76+0.24 25.71+0.16 6.00+0.52 B
4’ 44.09+0.43 2.50+0.37 11.07+0.53 28.41+0.54 7.38+0.64 e

AE, is the color difference between washed samples 1'—4’ and untreated samples 0, standing for the degree of color retention;

AE, is the color difference between washed samples 1'—4' and unwashed samples 1-4, standing for the degree of fading.
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Figure 5 Construction, expression and enzyme activity of immobilized TyrVs. A: Schematic diagram of
protein crystalline inclusions based on self-assembly label CipA. B: Schematic diagram of fusion expression
cassette for expression of N-terminal-fusion and C-terminal-fusion immobilized TyrVs. C: SDS-PAGE
analysis for the expression of immobilized TyrVs. M: SeeBlue™ Pre-stained Protein Standard. Lane 1:
Soluble crude extract of E. coli BL21(DE3)-CipA-Vs. Lane 2: Insoluble crude extract of E. coli
BL21(DE3)-CipA-Vs. Lane 3: Soluble crude extract of E. coli BL21(DE3)-Vs-CipA. Lane 4: Insoluble crude

extract of E. coli BL21(DE3)-Vs-CipA. D: Enzyme activity of the supernatant and sediment of recombinant
strains after cell disruption.
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Figure 6 Application of immobilized tyrosinase TyrVs-CipA catalytic system in DOPA modification of
HSF. A: Schematic diagram of immobilized TyrVs-CipA for DOPA modification of HSF and its color
change after modification. B: TyrVs-CipA reuse time and the corresponding DOPA modification ratio. C:

The total reducing power of Fe’" of HSF and mHSF. D: DPPH radical scavenging activity of HSF and mHSF.
E: Superoxide anion radical scavenging activity of HSF and mHSF.
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