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Abstract: Firefly Luciferase (Fireflyluciferase; FL) is the core component of ATP bioluminescence assay, which plays a critical role in the

detection of foodborne microo: s in food industrythrough the correlation between the luminous intensity and ATP concentrations ., In

order to realize the heterologous expression of luciferase in recombinant P. pastoris GS115, the luciferase gene was amplified and cloned into
the eukary ex&sion vector pPICIK. And then the vector was linearized and was transformed into the strain GS115 by electricity to screen
the pos@ transformants. Later ATP bioluminescence assay was employed to test the enzyme activity of both extracellular and intracellular
crude enzyme liquid following the expression induced by methanol. The crude enzyme was then purified by ultrafiltration, anion exchange and
size exclusion chromatography sequentially. The extracellular and intracellular crude enzyme liquid all had relatively higher enzyme activity
after a 96 h-methanol induction, which were 1.45x10° RLU/mL and 1.58x10° RLU/mL, respectively. SDS-PAGE and westernblot analysis
indicated that the protein size of FL was about 70 ku. The purified luciferase activity was 7.0x10° RLU/mg with the purification fold of 19.3 and

the yield of 48 mg/L. In conclusion, our study here demonstrated that the firefly luciferase could be well expressed and purified in the eukaryotic
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expression system as P. pastoris GS115.
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PEAE AR AR R R, B ORI YRR AT
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JEPERAIEME, ARARLIERITS, BEIMT HEREAM
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A TR ALSERE K (Photinus pyralis) RICER
FEEEA] Iuc SePE R EE IR RERIAE AR pPICIK, HdhAT
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THER SR, MINRIE TRNER. A E IR
KL T YOG RBELE BRI RIERE GS115 1R [HIFa E £k
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1 HRSES
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L1 A#

111 @Stk

Ll SE SR B R GS115 (P, pastoris GS115)
MK 5 DHSa (Escherichia coli DH5a) HZASSELG
EARAE, oKL pPICIK 4 [ nvitrogen 2 7,
pGL2-control J#J H| Promega A ] .
1.12 2R F| A3z fidk

Pfu DNA 4. Avrll, Notfly Sa
DNA 4% . Pag
FB MR B A A
EEZE (G4, WY
W CE BRI 1 Santa Cruz Biotechnology A #]; =
Pl IgG Pri B4R A 7 Bk O &,
JEDNA R 58 DNA 4ifkilA&50e 5

A LRI A H] ;. DEAE Sepharose FF JZHTHE.
Superdex 75pg. W H 467 A=) A s EEIE RS O

uminol T4 F k Millipore A7]; D-HER AR
Bl s HARKA D = A AR o

LB 773, YPD ¥igidk, MD H:gdt, MM £
FREELBMMY 5775, BMGY 3575554418 Invitrogen
25 F) R EE AR BRI TR 45 o
113 MBEE

A AKTA start, GE Healthcare A 7];
Multiporator % IgE #4551, Eppendorf /A &
Milli-Q #li7KHL, Millipore; Avanti J-26S XP =A%
2001, Beckman /A ]; Centrifuge 5424 /N B,
Eppendorf A #]; Nexus GSX1 /% PCR 1%, eppendorf
T} VC-505 8 R 40 OB, Sonics 23 5
Chemidoc MP 2= /& #4t, Bio-rad A7]; Glomax
20/20 luminometer ¢GRI, Promega /A o
1.14 314

AT IS 1 Fs.

1.2 7

121 EBKRRAZEARE uc LKL
FAA BRI

M NCBI (GenBank: X65324.2) 3KEULEw Kk f
FICRBER T Y lue, ¥t PCR 5190 % 1, H
HERIER A . A pGL2-control AREAR, 514 luc-F-
luc-R, PCR ¥ B4R RN KIER uc. R5%
42 96 ‘C 10 min; 96 ‘C 40's, 60 ‘C 40's, 72 °C 2 min,
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35 MiEH: 72 °C 8 min. PCR 4ifb)E, Sk
pPICOK 73 AT T, P4l E Ty i 4t
ITiERE. EBEPMRGHLERZE KB HE
E.coliDH5a, [BSZAAMMH & S B IT1ES% (T

eI HR R ) U T, BALERTE LB [ A IR

(Amp ZRIE N 100 pg/mL), PRk PHIERAL T ks
FRIG TR AT R DII6AIE , HRgs S KL R A 7 o
g TR ) SR i 44 9 pPIC9K -luc.

1 R REGEEY 1SS0 PCR 547
Table 1 PCR primers for luciferase gene amplification and confirmation

HE EAS A7) (5°-3") Bt b
luc-F CCGGATCCATGGAAGACGCCAAAAACATAAAG Avrll
luc-R TAGCGGCCGCTTACAATTTGGACTTTCCGCCC Not1™

a-factor TACTATTGCCAGCATTGCTGC None
3’AOX1 GCAAATGGCATTCTGACATCC None

E: TXRIZI > ABas, None REF 7| R E.,

122 E£40H GS115/pPICIK-luc tyHE AL
1T imik

HH R pPICIK-luc & Sacl LetEAb)E, HiE
DNA 4ifkidiil@aift, Bt Ppastoris GS115 #%3Z
A, AN 1 mol/L vk L ALES, ACHIRY 5
F& ThJa, A MD EREME AR FRIE, 30 CHEFRE
PRI, I RREE S AR 4 2 SR

F R VK A2 2 0.5 mg/mL. 1 mg/mL.2 mg/mL
WL R G418 1Y YPD [l fR$5775E, 30 "CH55% 3~6 d,
T REAE Bk IR AL B 2 G418 1 YPD 15975 A K
IATEVE . SATHVE RS YPD A IR R 7% 1 dy
ﬁﬁﬁ-‘/fﬁ-ﬁ“g]ﬁ?ﬁ%ﬁ&%éﬂf’E?ﬂTfiﬁ*ﬁiﬁ?
WHIE, 5% a-factor A1 3°AOX1, [N 24
FER 74423 FURL pPICOK 4k, GS115 527
IXTHR . '
123 E40H Ppastoris GS115/pPICIK-luc &)
Mut'. Mut® £ A %%

Kk pr s AL

BZ] MDAMM 1535

PREUE 2RI Ppastoris R TEHFIE] 10 mL Ak
BMGY #7501, 30 “C. 200 r/min JR¥%155541 24 h
YERP I U1 mL FhF7#EEF T 50 mL BMGY 5%
FREEEFE 24 h & ODgoo M 3~6. 4 °C, 5000 r/min 25
> 5 min, YHEEET 50 mL BMMY 5783 (5 2%
), HHTHESSSERIE, 20 C. 200 t/min, &%
24 h (NI FAEE B LIREN 2%, [RIRHAE 12 h BURE, H
BRI B R BRI EETSEYE, 96 h 5 I &SRR AR .
1.2.5 KBBR8 3R I

50 mL K E4R 5000 r/min 250> 5 min /53] FiE R

90

BT, DTiEH

] RYTIE A KB
B G N mL B RFZRE 2% v i (0.2 mol/L
Tris-HC1, 1 mmol/LPMSF, 5 mmol/L EDTA, 10%H
s pH 8.0), MANEAN 425 pm~600 pm HEEEERHEAT

<%)3;%EB£W 12.7% (30 s I8, 30 s UK FICB N 1 70 J5,
Y

Jkiﬁﬁfiﬂﬁﬁﬁxn (5 son, 5 soff), 12000 r/min &5
i 10 miny, 7520 A BRI

1.2.6 W E2BE GSI115/pPICIK-luc &k /=444
SDS- & 7 b Bt Ik W, 7k A= western blotting %
&

—FPREEGR 1+ 11, 111, A SDS proteinloading
buffer WK 5 min, F7E O RIK EAERES . RIS
GS115/pPICIK 2B AAEABAYERTIE, #E1T SDS-JEM
IR K (S%IRARNE, 12%5 B 43HT. H
VKt )5, FEE A PVDF JIE, 5%t a0k 4 Cad ot i,
39 F BRPTR R B UAVE N — PR & 40 min, DLBE
RS AR IC AR 1gG P P E 20
min J&, H,O0, 5 luminol Y& & AN EY) TR, AT
A ENIZE AT o
1.2.7 B 09 BaE M T

20 uL HEEZ R (GDB) (25 mmol/L H&
HE B K, 5 mmol/L Mg®, 1 mmol/L EDTA-Na,,
0.4% a-FHIKS, 0.15% 2 LM FME, pH 7.2),
10 uL 1 mmol/L D-)63, 10 uL 1 mmol/L ATP %K
RS N 10 pL AH BB A6 E MR 6 RN,
SERIIBAN GRS, integrate time 4 s AL E 52
FEBRE IR N IE, K IEHRE LA R A e -
AN R IGHAL RLU (Relative Light Units) ZR/nBES .

R B A R F R OGRS, K Sk R
[ 10 uL ATP ¥& k4K, VPG 4IAusREE ATP
SRR .
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1.2.8 ABER T & @ 6924k

50 mL i $3RIA 96 h [R5 IR SO BTRE, N
A 2 mL FERERURGE M, BORER SIS, B
O B 37 VR A R TR - KL T 90 P 0 9 8 0

(MWCO 50 ku) #EATE#JEI HEHZZ MR NTE (20
mmol/L NaHCO;, 10 mmol/L Tris, 1 mmol/L EDTA,
pH 7.8). HEAWRYTHZ DEAE-FF [H 8758 Hkt 4T
2 —b4litk, Fi4 0~1 mol/L NaCl f#] NTE ZEmiGHAT
BREETEMG, WEEE AW, J524 Superdex 75 pg 4
B ENT R = 4lifk, NTE HelilEE g, e
SDS-PAGE &30 afi b R, G AH R B T B TS
1.2.9 ATP JRE A MK A

WEFRRES] 0.1~0.5 mg/mL, RHWT A RdT
ATP AWK : 20 uL GDB, 20 pL B, SpL1
mmol/L WOLHAE N NARFR . AN 5 pL
1x10°°~1x10™" mol/L ATP Ji5, 37 EIBN TR 1,
integrate time 4 s B 2 2 EHRAE, IR R FEATIE o
HUR EOREE XA ATP I BV E 99 Kk A
-ATP WS ATP Frifk 2k .

B 1x107°~1x10™" mol/L 35l PRIV P CL 1) ATP
FERAENRRI ATP A5, ARAEARHE AN T RRIIAE &
ATP IR, FEXRIA REAT AN
1.2.10 HIFELIT AT

FrABESEN e EE 3 Ik, SRUSEE
HERZERR, EIFRH Excel 2010 A1 Origi
AEFER AN AL P )

2 ZR5E

21 RAREWME

i #] W ﬁ%{uc WAZ 5°A0X1 5
3’AOX [FIIFEHEN . F Nofl 5 Avrll X
fiFY] pPICOK=luc B kAL, BRI RWE 1 (b),
1S BIW 2RI 27 : | FOGRBEHED fue (1653 bp) 5
SRPE(L TR pPICOK. (9273 bp), FFLE E-HIIE SN
BRI 7 A0 IER, Rk A& pPICIK-luc FIEE AT«
2.12 FARGMERIT L

PR 1) g Sacl B V)13 2 48 1 16 (¥ 5 41 % 1k
pPICOK-luc, FRAELAY LB % 1) HE AR BRI SZ 454
Wl P pastoris GS115, {EGR=ZHZPRI MD Fiiid T
AR T 41 A, FE R EE, Pk T R
HRETES 1 mg/mL G418 1] YPD PR A K TR 7% 2

AN G418 iide it FE 1) i i I B B A5 B G (k4 H 1
FERREE IEE, FERSAIN AR R 7R
INERRIE RGP B E R R, R A,

FIEFA, A SCRAETFLFIHT 2 mg/mL G418 [
i AL T, BRI REARIIR AL T2 B i A
2, RA 41 4, K His" B rrh AR 2 RS
IER A 1~10%.

a

pPIC9K-luc
10926 bp

1 ELAFAL pP1COK-luc BYHE3E (a) FNELHFTHI pP1CIK-1uc
BUEBEIETE (b)

Fig.1 Construction of recombinant plasmid pPIC9K-luc (a) and
gel electrophoresis of pPIC9K-luc digested with restriction
enzymes(b)

JE: M: DNA 5~T&474; 1: Notl+Awll By pPICIK;

2: Nofl B4 pPIC9K-luc; 3: Nofl+Avrll SBE&4y pPICOK-luc.

M 1 2

5000bp
3000bp

2000bp

1000bp
750bp

500bp

250bp
100bp

& 2 E4REHY GS115/pP1CK-luc R PCR LIE
Fig.2 PCR identification of recombinant P. pastoris
GS115/pPIC9K-luc

i£: M: DNA 4-F840k; 1. 2: FakseF.
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ACEIFERNGPT 1 mgmL G418 (54T,
— BB R A ZH DNA, #HT PCR KAEwA
2 flis. HBEEL 2 kb %5747, 5 a-factor FIERYEER
RD S IBE R B (29 1.9 kb) AHWIE, TFBEZH 4
PRI B LR S D 2 e\ B e ik, i1 2
o2 A ¥ %% 5 N GSI115/pPIC9K-1 ,
GS115/pPICIK-2, ZIGIFIA Mut KA, [ 25 A
HALIEERE Ay 448 GS115/pPICIK

22 RAEBmHFERRE S MM
22.1 RBERE LR EEE A1 T

L6r &GSl 15/pPIC9K-lucl
L4 -GSl 15/pPICIK-luc2
1.2} -GSl 15/pPIC9K

LOF
08
0.6
0.4+
0.2F
0.0
-0.2

Iuminescent intensity / (10*°RLU/mL)

Oh 12h 24h 36h 48h 60h 72h 84h 96h

Induction time
3 KBS RERENE
Fig.3 The enzyme activity assay of fermentation broth

B 12 h BUREARAZ 720 CUKFRIRIABE AL (R

RIEHIBRAEIOA R 125105 RLU/mML. BEHK
PR [ A, R TR T TV ARG, 96 h AR T 40.7%
Mg 5.09%10" RL o IX PR P )
57 BRI T R 2 B K AR ZEE RN H R A
SN ik KBRS MR T S %K

GS115/ Kﬁéz TR 11 R 2 T W S 0 1 R 3
TS SR | K.

RHAEeER a] f
_ LEHO0r g arp 1,575,007,100
=  LE+09 iz
E 1L
“3‘“ LE+07 | 32,090,200 DE2400
€ LB 453300 1,790,900
> LE+06}
2 1Es0st £.000
£ LE+04 1
=
S LE+03
£ LE+02F
5 1E01f
LE+00 )

T e —
B4 LEHERRESENE

Fig.4 The enzyme activity assay of supernatants

b3 A T
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P FRIL 96 h IAWGRINEFRR, S0,
BRUTHE S DR T B0 J5 15 30 3 0 LB Ae I
I, 10, FEFEHTEEENE. W4 R, KR
T AR T ARG PRI 1.45%10° RLU/mL;
B L OB LUNRTE T 20 £, N 321107
RLU/mL; B REZ 1 A P KRR TTTF B S B e, TA

) 1.58x10° RLU/mL. iXZH45 5R MR RERIA 178
KA e RIS, SRR EH AN -

AR FA R T S AR RE- R B RIA A, ,ﬁﬂéﬁ
o BTk 51 S R HHAT RN RSO & A,
é@j@iﬁz%‘c%ﬂi el xﬂzﬁj\a&iﬂﬂ@% 'ﬁYasuo &

ELLFA), AL
%%@%iﬁﬂ@&tﬂﬁ1 o fE B AME B RS thik
F 1.45%x10° RLU/mt* WO R B2 B A e
BRI A% T REO R IR (K KRR, TRkt
%wﬁ%m ARG TER, R IR IR K A
SEEELZEE: RARRAED, LSRR
TR S 1 2 Emﬁwi%,@%ﬁﬁﬁ
SR B R R A A IS S R T RS,
REA T JESERTIE TAERIT ). =Rk B B I st
RETH, MRRAE RSN ATP, LAAiKACE:, Mg
P B 4. ATP X R 6 = AR R 2 ], et
KR RICELR . WK R AN ATP KRS E N
JEARIRAE, KIFTE NG E T 5%~6%, 7RI K EEEA
i A AR RH BT SR & — o BB BRI ATP
FREH, WRIAE A PIEEENEIE R — e R, {EALEE
I AEAE R IR DL R 1) B SRR 7K
222 ELH GSI15/pPICIK-luc & & =4

SDS-PAGE 9,7k VA Z_western blot 547
ku M12_345 6
180 — S

100;!

70
55 .

&5 E4AE GS115/pP1C9K-1uc FiX =4 SDS-PAGE 3K 4fr
Fig.5 SDS-PAGE analysis of protein expressed by recombinant
GS115/pPICIK-luc

E: M: BAsTEAE 1. 20 LAMEERT; 3. 4
LAHEER I 5. 6 LikEERII.

W FIEHEERE T 11 T T SDS-ZR MMt ke
Rk, SR S fR. 454 western blot 73#T, &
WFE R CR A T BT 70 ku Ry TR T00
Ko 62 k), HRE O AFAET AN RS 72K

—= Luciferase
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JoAT B A 2RI IO KA 60 kul™, HEDN AT REA 8
TEMEREAL R 4. ] NetNGlyc 1.0Server Chttp://www.
cbs.dtu.dk/services/NetNGlyc/) X B4 5 FHTETEMEFEL
ALREEAT T, I 3 ANEAER N-FER A A, F3K
B bR TR TER. PR R
RERGuiH W E AR B, ARG SRR
FARAFA R, SCRE SR, N-FEEAL AL
FH AR R W PEREPERY, Yang® e BE R
P RERIS () R A G N JDT RS B, 8 7B RO AL
G171 A G s A 7o =L AT PR G I = el

Chang 1 b & 745 1 W 3 A A7y e % 10 J00 o 25K SR
Wl RIUBEREA B S B E T B2 TR

[FIEE, DG BRI E A I e s RS AN
PESRAE T RTRE, X G R BE I nl R AR R A
B SDS-PAGE 73 HrHh_Lid MBI 2 e R R
RO, T SRR T A SRR

X5 =Rl BERE  pr a5 A — 80 BRI R A

(R R AR AE T AN
ku M 1 2 3 4
2{5) ' BB = e~ Luciferase
40 | g
- -—
25 - "~

& 6 EAE GS115/pP1CIK-|uc FiXF=HEE FHEN:
Fig.6 Western blotting analysis of protein expre:
recombinant GS115/pPIC9K-luc
E: M: BEAsTFEAE L EE3E GS115/pPICIK;
2: bAMBERIN 3. LR I 4 EAHERR T,
Western blot 25 541 6 7, Mldhs AL EE1F
FEFAMT GGz, 2 ER

MVKIE 4 BEAE 30 ku HIILEL » RFRE AT
AFIRESE :F%%EW%%HE%# RIS A R %
ip RS B E R, RS S

3
%Eﬁ‘ﬂ'fﬁﬁ%—ﬁﬁﬁiﬁ, B ER A RRIRE 59
71, HEIRARRINAEER . 20 CiBSR, AOX1 B &S
HIE 5 T I AR e AU AR A ORI ROTE T L 30 °C
SO R, R 20 CIENE SR,

— 7 TH RS MR BRI, 55— 5 TR AT RE IR A
FIBERES, RmEEETERIE. ATHIsEas TARERS R L
30 ‘CRILHIMAIN R RIS R A 20 CHI5%~17%.
20 CHIRFERER — & RIS, HaRER
20 ‘CIbA 2 PATE A 8 B KK AR o

223 RAEBRAGHL

ku 1 M 2 3 4
100

luciferase
70

50

50 mL. BRI Ry PR
Hige s DEAEW B T AcHUR BT A bbb o
CWE 2.4 mg R, LHLITIAF) 7.0¢10° RLU/mg,

a0 9.3, I 2, 5 A HRIE TE KT
AL LT A 1.43%10° RLU/mg, ZULARTHCN 10,6,

LiE B AR, (HRERRI RN &R, KK
PR I AR i TR SR AT R e 2 B R BERR, AR KRB AR
7= EHUAS I, ki 7 Fow, Al fE s BRI
TKEHILPI2 RN RT 70 ku BIS6HT, NATFRIFEE
BEREA IO C R K S REE N —FhoRIE T
FAZAIMIEE T, I8 B AR T B T K AR Y
WAFEEE, KRS FE A —E B . RIAEE R
P B IR EEAL (B AT IR RGeS,
FXMZRB RIS TN, AR AT LA A 0 2%
SR A RS R — 2 BB 5T

Verma™ 88 76 LU 35 A% 5 8 7 (& vk op, i
AOX1 B TR RERIE 5 6 i, LeskinenP®,
Ainsworth® th [FIFE R R B £ R 8800 5 3h s s
W FC T I 2R B, (HIEA fEAi L AE T
AR Z TS . A FRAIRAEEE R EEREH LR R
B ERIA ik NN E R, SRISR9 R BRE
BITA R = A M.

R 2 PRI PREEEB G RIEACREBRFFE DT
Table 2 The characteristics of luciferase expressed by recombinant P.pastoris after different purification steps

Uz BARAR /UL &% //RLU 2E8/mg o7& 7/(RLU/mg) shALAE S EDICE /%
ALEER 3200 5121575040 141.2 36271778 1.00 100
A 3200 4003325184 15.1 265120873 73 78
DEAE A & F Z#7 1200 2333058624 4.0 583264656 16.1 46
2F i BRI BAT 6300 1679710284 2.4 699879285 19.3 33
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2.3 ATP 3% 4 41 & KAa

7.0
6.6
6.2+
58F
541
5.0
4.6
42
3.8
3.44
3.0 L L L L !

10 -9 -8 -7 -6 -5
log [ATP]
[El 8 ATP H4& Sehm Rtk
Fig.8 Standard curve of ATP assay
KHIAWFCRI DR BEREAT ATP VRGN,
L) ATP FruEdhZR, RILAWTCHIEELE 10°~107
mol/L 777E RIFEIE R R, y=0.3227x+0.641, R*=0.9979
(B 8). IBHNAMETEE NI =MKEE ATP, FCH] g
ATP VERAENRFIIRE G, HEAT ATP W FERT IR EAN g
MISERZOR . BAk ATP JELE RN L 3,
= 3 HAURETIEDERT ATP HERBVE A AN
Table 3 Biological luminescence detection for ATP solution

y=0.3227x+6.641
R=0.9979

log RLU

sample by purified luciferase

ATP JREZ/(mol/L)  ATPREZMEAE/(mol/L) =A%
5x107 (4.89+0.19)x10”
1x10*® (1.09+0.27)x10*
2.5x107 (2.70+0.26)x107
FREEREY], A TR R L
ATP Jf [ R ELSRFE
3 &g y
3.1 WEEEGH—A FH 5t 72 38 o e I Rl
ATP WX AE Pk A7 5 S kG LN ER ST
B FRA FRBE. TTEBIL

ﬁ§ME\ﬁé?

@wagﬁ ST s B 0 47 b
0, A TG B NCE Y ATP Pudril &, 1)
AT R B TR, T ARSI
B 1 T 3 B U EOR B 5

32 AR AT BRI R, AR S
HIPRSS: SMEE R AR R . TR T
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