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TOARBREN, 7o b T 2 R i A A0 A 553 B¢ HLAUE A
o EA SCHIRIE, FyAhEEIREEP A 2EN
BARAE S . B I AR S T RE 2 T s
SRR VS i 25T, PR T AR AR AAS |
AR L R 22 A i) S IR T A BRI A BT R
HHE X

PRI R o B A Y, BONAREURT
P T 28 KA 1 ke DR 1) s 2 R Il FL A AR A
P, BT R RER SIS T
BRILZAb, X PR P B o i S R )™ 1 I 2 7 ik
AR RE % 2 TR N TP 1 B A 2R R T 1A
P R ™ B R AR A, e e T 1
HRR BRI T T Rgl Pl

AR SCHE PR e B P S PR IK T XA I 208 A T
fRIT% Z BRI AL PPO2, X i S BRI AE 64T 1 4%
B, FEXTHAE RSN AL S5 1 AT T
RER R 01 X T T R TR TS 13 ML N ) I
PEREAT THRIT, O AR PRI e BF rh 1 D i 2 iR
AR AR AR PR AL TSR

1 AR

1.1 #8
1.1.1  BEERFIECR . ASHTFT A 3 89 R Aok

mFE 1 PR,

112 REMAEKEM: YPD Bi3ik(gL): #
M 20, IR 20, BERERY 10, 7 FREEGE R AR
SC-ura (g/L): %W 20, Wilg%k 5, TR ILELE
RIE 1.7, TCIREEMELIEMIEA Y 1.3, LB Kigre kit
(g/L): EEEFIR 10, BEREM 5, SAbAN 100 2%
HRRMMEAHEZ N 100 pg/mL. AR FREN
A 20 g/L BEIEHS . BY4741 BkE 555140 30 °C.,
200 r/min; KRR 54FH 37 °C . 200 r/min,
1.1.3  FERH: LA PCR AR . BRI
PNV . RNAiso Plus i{7f] & . PrimeScript st
Strand cDNA Synthesis Kit {57 &8 F K& T EY
TAREAR A Super-Bradford Protein Assay Kit
RAl& . KB EEZZE DHSa Il [ B4
PR A BRA R FORC PR /N GR 6 T R AR
PR ]

114  FE{UEREA: PCR #YFEFMYL . DNA B
TKA . VR URES DML, BB THEIBAY . 752 S24hn)
WG  BER AR . 915 Y Accument pH it

1.2 BREMREEE N R BRI E

418 TaKaRa 3 7] ) RN Aiso Plus }2 PrimeScript
1st Strand cDNA Synthesis Kit 277 &5 15 B 5 HE B
AL 2 ) 6 RNA FF5 B —4E cDNA, FIH 5]

F 1. KR PERERFRR

Table 1. Strains and plasmids used in this study
Strains or plasmids Characteristics Source
BY4741 MATa, his3AI1, leu2 A0, ura3A0, met15A0 EUROSCARF
SC-pSP-Gl BY4741 containing pSP-G1 plasmid This study
SC-PPO2 BY4741 containing pSP-G1-PPO2 This study
pSP-G1 Shuttle vector, Amp’, URA3 EUROSCARF
pSP-G1-PPO2 PPO2 expression vector This study
DHS5a Host strain to amplify plasmid DNA and the mazF source Laboratory stock
pGEM-T Easy Cloning vector for the PCR products, Amp" Promega
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Yixt PPO2-F (ATAACTAGTATGTCGCTGATTGC
TACTGT)#1 PPO2-R (ATAAGATCTTCAATGGTG

ATGGTGATGATGACCACCGTTAATAACATGCA
CCGCGA)#E1 T PCR ¥ w535 PPO2 A, It

%4 £ pGEM-T Easy #A, ¥4 K7 E DHS0.
N 603 47 T A 1) JBORL 5 FRA A pSP-G1 1
Wit Bgl 11, Spe 1 MUMVI IS MISOT &4, ALK
WA, 8L YRR S a5 444 pSP-G1-PPO2 Ff:
TRAFRFD
1.3 B FRBEZERRIT B A i RE K Ak

5k pSP-G1-PPO2 ¥4 b ZE M R EE BY 4741
H, MR EFRBERRC URAS HEATTRE, AR
SC-ura ¥ 77 5 VAR . SR 75 PCR Kk IE 6 %%
b ¥4 h SC-PPO2, 43 ll#eAf SC-PPO2 5% it
SC-pSP-G1 B #kZE 5 mL SC-ura RS F- 3y, 1%
FRZE ODgoo M 1.5-1.7 BB A, TA 100 pL 24
RN 50 mg B ERIRZALEE 10 min, 4 °C B0
W B . B 100 pL BV, JIA 25 uL BAEZE
PR, InFAVEYE 10 min 5, #E1T SDS-PAGE BE8
HLVK, FR YL 8 52 Western blot 25 [14438 . YEEIKR
HLVKER (25 5 W —BUS I T8 R 9%, 1R
AR5, FIRESE T AR MO R, e RVEWR, iF
7 Ni-NTA FE2liAb 85 1 IF B ER AL 3 o iR B A i 20
Super-Bradford Protein Assay Kit {5 &5 B 2 il
BSA R4k, ITHRELibFES P Tk, 4l
I R 1 T80 °C 1R 17
1.4 BEREFREEE ) ME

s 2 R S 7 P00 5 2 HESCHR (1417 1 3%
DL L-Fg 2R -2 CO W), 7ERBORAE T A ™
YR, FIFREREIOCRIGEK S 475 nm,
3 3 43 E T R PR € Z O IR e ) o T 2
TR it 1O 756 77

1.5 BEERERR RSN

151 JRYIERESBAREIEIRRR: LA
BRI E M 0.1, 02, 0.5, 1.0, 2.0 mmol/L;
L-ZEWERERN 1, 2, 5. 10, 15, 30 mmol/L.
B 100 pL B 5 2.9 mL 250 &4 KY) L-FE 28R
o L-Z B RRER S vp I (pH 7.0) 784151 )5
TE VAR R BIHLLR ODyss, 43 3T i 4544 Sz
60 min 5 15 min, JZ W25 45 M5E L 1 ODyss -
1.5.2 RESBARENE HHWRR: L-FARK
B 2 mmol/L, L-ZEIKE 15 mmol/L, [FIFEHL
100 pL B 2.9 mL &4 YA BERR 522 thil
(pH 7.0)1R 515 ERI 4 ODazs, 43 5'EF 20, 30,
37. 45, 55, 65. 75 °C #Arh, L-BEAIRY
L-Z B AR 243 5 F 60 min A1 15 min J5 il & 2
1k ODy350

1.5.3 pH 5MEAMRME IR ER: SHIRCE D
2 mmol/L L-F§ &2 , 15 mmol/L L-Z B i iR +h 2%
PRI, 43K pH T E 4.0, 5.0, 6.0, 7.0, 8.0,
9.0, 10.0, [AIFEEL 100 pL BHE S 2.9 mL 54 Y
TR ER 2% MBI ) JE M E W4 ODazs, 5350 T4
A T I 60 min 5 15 min, S 4598 )5 8
ZE ODyrs0

1.6 B BRBETE PRI B RE v B B2 R MR I 2
1.6.1 pH S5REEREE 1K R « PRI Bz L)
SC-PPO2 AR KT 5 mL SC-ura WA FRIE,
30 °C. 220 r/min IR HFFE, L 250 pL KiFed i
F£% 5 mL SC-ura B35 5L, B 95 2 ODgoo N 3.5-4.0,
I R B LU 5 mg/mL, LA CuSOy
FLYREH 1 mmol/L, JIA NaOH 433345 pH
% 5.0, 6.0, 7.0, 8.0, 9.0, 10.0. 30 °C #k&is
7724 h )5, WEBIEARL, BOE 1 mL KR,
ELD B EIEWE ODgrs-o
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1.6.2 JRYIHRE SBEAREIE IRXER: [ 1.6.1
FFREE FR K ZE ODgoo 3.5-4.0, filA NaOH 15
pH %= 9.0, fILA CuSO, ZELHEFEH 1 mmol/L., #b
I L 2 B2 = 24U 3931 0,0.1, 0.5, 1.0, 2.5,
5.0 mg/mL, 30 °C 4823557 24 h J5, WMESHI A
fb, BUGE 1 mL 55359, 20 EIEIE ODys.
1.63 HETFHRESHMAMRBIEINXR: [
1.6.1 FFREE SRR E ODeoo N 3.5-4.0, #MINERE
MR 2 HR MR Jg 2.5 mg/mL, LA NaOH 77 pH
£ 9.0, /HIINA CuSO, ZLWE 0, 0.1, 0.2,
0.5. 1.0 mmol/L, 30 °C 4k£2K55% 24 h Ji7, WELE
Ak, BUE 1 mL 5FRY), B0 E R E
ODyrs.

2 ERFAM

21 MREREGERR A BRI

A B DU 4 4 O RNA, 25 2R 40
Kl 1-A B FIHSIY%F PPO2-F/R o JE A
PPO2, HHFE5IYI5IA his-TAG. 65 vikE
FIWILHE PPO2 WIE 1-B iR o 45 K/NK 1.7 kb,
P, %3 pGEM-T Easy #0445 56 1iF 1E 7 Y
ks 5 3k B AR pSP-G1 WY 5 Ak 3 3% 4 . i
FOE L Bgl 11, Spe 1 XEEY], WE 1-C frw, 15
F| 7.3 kb 5 1.7 kb WiZ&5570, fFEHUH, IR
P-4 17 S E A 0 3 A T — 2P 52
2.2 FRE RN TE R B YRR R AL

Fikk SC-PPO2 5% I8 SC-pSP-G1 i i 5%,
WIS IR IS IR AR S 1E 97 24 h, IR AT DL ik
SC-PPO2 i F=y B 24, il 2-A 1 2 Sl iR .
1 SR A AT, TREER "4, £ PPO2
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Figure 1. Construction of expression vector of
tyrosinase-coding gene PPO2. A: total RNA of
Agaricus bisporus. B: clone of tyrosinase-coding gene
PPO2 by RT-PCR. C: enzyme digestion analysis using
Spe I and Bgl 11. M: marker.

L R ZE PR P B vp R A R O8 B A E I, AE6E
ALY/ SN 8 S R N R O - & P/t sl A
W 2-B fir7R, SC-PPO2 FFE IEHE# ik 65 kDa K
AN T R T, VKGE 1A I BRI AR -

B 22 L AT Ak HLEA TR AR A B s, i
SDS-PAGE #ill & 1 alifb 25 % . el 2-C fs,
Uifb e A s —, RU/NIERG, RILifb g Ay,
AP T 1% 2 il 3 M A I 1 B R AR
3% 85 11 BSA VEAbRAESL , HbRHEMZI A A
FREZH 0.604 mg/mL,

2.3 EHREARMNEINEER T

231 JRYIERESBEREE THXR: MR
Mg [e] o LA B S AL B 5 2 M S A B A 5 1T,

P FATTIE ] L-Ms 2R 5 -2 Bl bRy
Tk S 2 PR i ) PR R RS 1 o TR PR TS 155 LT
LR BE R R R NE 3-A Fos, Al LM E IR
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Figure 2. The enzyme activity analysis, Western blot analysis and purification of recombinant tyrosinase. A: enzyme
activity analysis of tyrosinase in Saccharomyces cerevisiae. Lane 1: control SC-pSP-G1; lane 2: recombinant SC-PPO2.
B: Western blot analysis of recombinant tyrosinase. M: protein marker; lane 1: control SC-pSP-G1; lane 2: recombinant
SC-PPO2. C: SDS-PAGE analysis of purified tyrosinase. M: protein marker; lane 1: recombinant strain SC-PPO2; lane 2:

purified protein tyrosinase.
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Effect of substrate concentration on tyrosinase activity. Values represent results of three independent
operations. The average and standard error were calculated.
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Figure 4.
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Effect of temperature on tyrosinase activity. A: L-tyrosine as substrate; B: L-DOPA as substrate. Values

represent results of three independent operations. The average and standard error were calculated.
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Figure 5.

Effect of pH on tyrosinase activity. A: L-tyrosine as substrate; B: L-DOPA as substrate. Values represent

results of three independent operations. The average and standard error were calculated.
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6.
Figure 6. Effect of pH on tyrosinase activity in Saccharomyces cerevisiae. 1-6: pH: 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0.
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2. TR pH TRYZIMRYCNE LR
Table 2. Effect of pH on intracellular tyrosinase activity

pH ODy3s
5.0 0.443
6.0 0.596
7.0 1.395
8.0 2.081
9.0 3.249
10.0 2.794
1 2 3 4 5 6

7. RYDRE X AR B B B A A B R BR AR R 1 R 2T
Figure 7. Effect of substrate concentration on tyrosinase
activity in Saccharomyces cerevisiae. 1-6: tyrosine
concentration: 0, 0.1, 0.5, 1.0, 2.5, 5.0 mg/mL.

*3. FREBIBRIRE TRE MR EL R

Table 3. Effect of substrate concentration on tyrosinase

activity
¢ (Tyrosine)/(mg/mL) ODy7s
0 0.147
0.1 0.415
0.5 1.296
1.0 2.285
2.5 3.445
5.0 3.549
FRUSEMLT 2.5 mg/mL i, SREOREERY) UL

INmAR, &F 2.5 mg/mL i, RARFEEHR
FrtesE , R EA,

243 HETFIRESBEREE IHWXR: C”
Xof s SRR K R MR A B EF , TSR
) CuSO4 X i Z FRBHG PERRE AN K] 8 s, L3k
ODys 85 R0 4, AW Cu® MREEAMET 0.2 mmol/L

I, T A R I P LR HE A5 e R AT

8. Cu™ KX ERiER: S A SBREE NI

Figure 8. Effect of CuSO,4 concentration on tyrosinase
activity in Saccharomyces cerevisiae. 1-5: CuSOy
concentration: 0, 0.1, 0.2, 0.5, 1.0 mmol/L.

F 4. TR Cu* THIL MR ELE R

Table 4. Effect of CuSO, concentration on tyrosinase

activity
¢ (CuSO,)/(mmol/L) OD,7s
0 0.003
0.1 0.576
0.2 2.879
0.5 2.993
1.0 3.012

3 itid

1% A TR B AE I A W) S sh A b sl A7 A, JF
REEBFEENAEBIEE, EEK, T EARE
TER G 2 SRS AU TR TE &, I R il
Z RN 2R o (HJE N AE PR B A 25 ik
M R A T2 2% . el Bl
ik S R A O A 0 5 HLAB B R, 20 T R R
it % ST P IO P AT ot s 2 R I ) S D R 8
N T WFFEIRGE . Wichers 2575 KA1 B Pl 7 [
TEAFREEIEN PPO2 () cDNAM, HRFRIKH
(25 1 I SR S I R TG P o TR T R A
R B A, 1E R0 NUTR B 70 A VR ) 1 2 R
fitg b HA RIRA L

A BIF 5 A R T B v S R A T LA B
T IR, JFSE T HA DGR = Fe k. FEAK
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HhSEE R R B, TR R T K A AR T B ik
W EEN 45 °C, LLES 24 IR N IS ¥ I 1% 20 12 1
Kn=0.12 mmol/L, i%i&i pH K 7.0; L-ZEAENIE
YInt, K.=1.86 mmol/L, fzi& pH 4 8.0, KHIH
BT L-ZE, S R 0T T 2 R (1) S FH T
Y ik S FR U FE AR T 2 mmol/L I, A AL 3 < B e
Y BEE AN &5, 5T 2 mmol/L I IR AR Al 5
JEY L-Z B & T 10 mmol/L Ji5 B Ak 8 54
FEAAS , IRk SRR, R, PRI R v
E T TS B T E ML N B AR DGR, 7 G TR
BEAERY 30 °C 2500 T, WS MR G K HE e AL TG Ve
FAETF 0.2 mmol/L By Cu*". BiWAd K 2fae
WEK pH R 9.0 B, 24 h J5 BB RiE iy
[T 3R Y 1 R e 1 R RS S O A W
Ko FENCYI R H R W AR T 2.5 mg/mL B, B
Y7 A I 2R 10 Tk FE S TR AR DG

P 2 1R Tl 300 oA A i 2R A s PR R T AL g
R, HE—EHHRNBRARN ™ & 5HARK
JIE SRR G, AL R 1R T O TR T B 200
ik R 7 1t ) A% TR, Ay v T A T 2R 1
PR AL 1R o (F R I B 1 55 TR A D 2
P, TN T REFHA R pH, X ] B 200
RAGRNER, &N TAER LI,
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Expression and characterization of tyrosinase from Agaricus
bisporus in Saccharomyces cerevisiae

Yuzhen Wu', Yatian Hong1’3, Quanli Liu', Haijin Xu', Yanling Bai', Xiuming Zhangl,
Minggiang Qiao'*"

" College of Life Sciences, Nankai University, Tianjin 300071, China
? Key Laboratory of Molecular Microbiology and Technology, Ministry of Education, Nankai University, Tianjin 300071, China
? Jinan Central Hospital, Jinan 250013, Shandong Province, China

Abstract: [Objective] The aim of this research was to express the tyrosinase-coding PPO2 gene from Agaricus
bisporus in Saccharomyces cerevisiae and to investigate the characteristics of tyrosinase in vitro andin vivo.
[Methods] We cloned PPO2 gene by RT-PCR using the total RNA extracted from Agaricus bisporus. The
expression vector pSP-G1-PPO2 was constructed and transformed into yeast. The recombinant protein was purified
with Ni-NTA and the tyrosinase enzyme properties were evaluated. [Results] The optimum temperature of tyrosinase
in vitro was 45 °C. And the optimum pH was 7.0 and 8.0 using tyrosine and L-3,4-dihydroxyphenylalanine (L-DOPA)
as substrate, respectively. In Saccharomyces cerevisiae, the yield of melanin increased with the rise in substrate
concentration within 2.5 mg/mL. [Conclusion] We achieved heterologous expression of tyrosinase-coding gene
PPO?2 from Agaricus bisporus in Saccharomyces cerevisiae and characterized the enzyme properties. The melanin
production positively correlates with the concentration of substrate tyrosine which indicates that tyrosinase could be
a biosensor to report the content of tyrosine in yeast and could be used for the high throughput screening of

high-yield tyrosine strains.

Keywords: tyrosinase, heterologous expression, Agaricus bisporus, Saccharomyces cerevisiae, enzyme properties
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