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WE: MIOLREM (luciferase) FEAH—IIEICNBEGRE N AW %O (bioluminescence) , %N EA F 5K,
R RIEET SRR, R RGN R S 2 — o PRI AT D 5 T — Rk
M (nano luciferase) , BFFEAE 1 HBMENE BRI T, K5 AT — MR BLAG AE W) SO TR K9 R
PveRe I R AR b, Gl [ Sl S RS T 13RIk, dlid Ni-NTA SERZ Hrai (e fn o1t 240K O
RKEGHEATAE, O R E R BT A 25,3 mg, ZUREHIT 98% ; M MG LR M T APRIOREERIEE, 18
LOXx107* ~1.0x 107" mg/mL (UFEFEIPY, PRBEEAT RAFIOLRPER, HARMERI FHYLE 1.0 X107 mg/mL (295
pmol) o AKISERMERA RIS . B ML, SRR, et . BT RS EIE, AR
V-5, JFABA IR S R oA SO CRE
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Expression, Purification and Characterization of Nano
Luciferase in Escherichia coli

HOU Jiapeng, DING Yu
(School of Life Sciences, Fudan University, Shanghai 200438, China)

Abstract: A large group of luminescence reactions catalyzed by luciferase are called bioluminescence.
Since bioluminescence has been characterized as low background, high sensitivity and wide linear dy-
namic range. It is applied widely in sensitive molecular biology detection. In this research, we have
synthesized a novel luciferase (nano luciferase) by whole gene synthesis, to make it a novel biolumi-
nescent detection tool. Nano luciferase was cloned into a prokaryotic expression vector and expressed in
an auto-induced system. Recombinant nano luciferase was purified by Ni — NTA affinity chromatogra-
phy and size exclusive chromatography. The typical yield of recombinant nano luciferase was 25. 3 mg
from a liter culture medium with purity above 98% . Then, we tested the activity of recombinant nano
luciferase , from 1.0 x 10 ™* mg/mL to 1.0 x 10 " mg/mL, nano luciferase has good linear response,
the detection limit was as low as 1.0 x 10 7 mg/mL (around 5 pmol). The assay based on nano lucif-
erase is ultrasensitive, good repeatable and easy operated. It would be applied as a basic tool to devel-
op new sensitive bioluminescent probes with promising novel applications.

Keywords: nano luciferase ( NLuc) ; prokaryotic expression; purification
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POCRBHE LY IR NI TOCR KR
SR, —RORIET B AR AR SO A DA N . )
YEESRIE W] 23 i o Y6 Z B (Renilla luciferase,
RL) . HE7CEEF (bacterial luciferase, BL) | %
KIS (firefly luciferase, FL) ZEZRp2im
H 1954 42, AT 9OC R BT TR B IEIE,
AT T &5, BWFEER) T HORO I,
ZAVER AR R T T A
e RABPE SRR, SRR RO G SO A
H AT 20 TP A . B SRl 2= it

SR, ALGER G 2 B i AR b i A R
EARZAL, MPOCRESZ pH, BTKE . i
BESEDI R | MO ATP 6170 Wihg T 2
ik, TR, —FBYIRIOERNE (nano lu-
ciferase, NLuc) [ BUARE T4 TGP0 R
Mitg 5 ERsk S . NLuc S R I T —Fh R AF,
1978 A4, Sl HAR Wb G, ATk
3 3I) —Fh CBT AR RLRR G 250 TSR O DO R
B, TR RO, SERTOL R
HHEE, NLue f7rF8/h, A% ATP, KOGRE
TR pH I EE T BRAG T B R SR
Ho BT, XSO R C 20 — Rl A
M E R eARCy, BRI, R
RATHIH NLue 56 R BEAE N BLal, IR HA
o7 P 55 1) e 2R EOHT B A ) R AR AT, (BN
T RABEF IR B S5 1 DL AL 2D A i . A B
FEM A% R IR R GE K i 25 HA AR Y0iE YR 4
KYSCRME L, NA 5 RZBEVE N 4 KO
BRI HA 2 1 25 A

1 #B5H®

L1 JFAZ AR R
222 NCBI %8s (http: //www. ncbi. nlm.

nih. gov/nuccore/KM359770) 4= 3£ K& % T NLuc
1) DNA J%1], Jdis PCR J7iE7E H i R Bom s
BamH 11 Xho 1 B 53 050 HIEERE FRLUK 14 75 123 11
gtk i B BRI FRATXT PCR 724 5 pT, N, Z ik
% BamH 1/Xho 1 XUFUIAL PR, PEAT T4 3% B g%
1, EHFEYRALE DHS o JRZ A, ARm Tl
TS RIE R pT,-His o -NLuc SOk, 2800 7R
SERERE . FIIA SR = s i pT, N, 244 ] DATE
H R 2@ Hmig i 10 &S H " Rbn %,
FIGLEEAT Ni-NTA 4l

1.2 His,-NLuc Z5 MBS EE

FATEFE A 215 T 0 o B kAT 3k
ik, EREETLUNER: pT,N, Sok B A — 7L
BT, 1A ShiF5 R R v [R5 A A A AL
WY AR TERS, MR 3h 7 M H
JETR HEA A RB B R RIL, KIGH S
A4 2 8 5 L v 4 R AR R AR
HPFUR, MRS IR IFRB HER.
SR ZWFMER G, FRATESRAE 20 °C Hi g
20 h {920, ASEE P H RYE A FRGA SRR .

pT,-His o -NLuc FURi 280 545 50 E A /5, it
£ BI21 (DE3) B, i iHiFR. 42 RYLBURR
FIMAZD NS TR 3, RS B2 mL e A
1L % 0.1 mg/mL 2%/ LB [ 3 355 K
WU S22k, 37 CHIZEE 0Dy Jy 0.6 ~0.8 7,
PR PR R] 20 CE55% 20 h, Z)5L16 000 r/min
AUFE G 15 min YR, —80 CHAF.
1.3 F 4 His,,-NLuc py2ifl

PR WTE 1000 bar (555 1 M ACRE, FlS A
18 000 r/min (5.0 1 h, IS 13, Jeidad
5 ml [ Ni-NTA 6 FZ A gAML 4k, &
1 mol/L NaCl B9 G iR PE ¥ S5, T2 DR e ) 22 o
WORBREVEG , FEWEI UV 280 nm WEOGAE, Y sE
WAV, B AR PRI o R WSO RO VR TR A T R DB v 4
F#EZ Superose 6 Increase 10/300 GL 573 #E%5>
T AT A AL, B2 R R AR TE & SO
mmol/L Tris-HCl, pH 8.5, 5% H i i) 2% vh g +p
(BT S 30 DU R AFAEAH N G2 RN ) o

M 1 TA 2 RH ARV S AFAE 2, H] Ni-
NTA #:4lAl 5 i 228 1 10 73 7 Rl ) NLue
w2 ka Zefy o FTLA, O T AR B NLue 85 H
PTG SR, S = Ak TEV ighb Biaf
R H, D% His bR4%, FRR B D) ™ 9 B4 Ni-
NTA ZHriEAS 21 Jehr%5 1) NLue B H .
L4 HEFPERRYSEE

N T IEBRA R R, 0o T S SR
gt M a0 e 5 NSl Y P 5 N s ] (N P e
TZRaifIT R, BRI Y] 5 i R
WG FREE TR Tk T 2D Ak

BESSFAT TR Pierce 23 m]A4RAE T BCA 2%
MEE PR, %M (7 robEscm T (3R =
JR) ) 4T SDS-PAGE ik, Hibdhi—PIdEmalif
B, AR, [, K Ni-NTA B4l & A
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UL ERE 203 I TR S, SRS S
mmol/L Z, BR Bt VA VR, & Bruker Ultraflex TOF/TOF
MS ( Bruker, Bremen) Ji %% & P4 # X ( linear
mode ) FHTHEBBIHOCH B 1 AT BTG e e
(MALDI-TOF) Difize H & i,
1.5 NLuc B35 PEA I

% Promega /A &) 1Y Nano-Glo Luciferase Assay
B & (#N1110) Ay 75 64T NLue 35 B 706
SRR E . ) PBS M MBI, AR5
JIMAZ) 96 LML ( Costar #3922, Corning /A ¥),
fL100 L, 37 CHFH 2 h, ZJGFEEEM, 10
mg/mL [) BSA 7£ 37 ‘CHFFE 1 h £ 96 fLARALE &
figio BPAIZEHRG Fi4si BSA, F] TBST (20 mmol/L
Tris-HCI, pH 7.4, 140 mmol/L NaCl, 0.05% Tween-
20) THUE3 K, K200 pL, FEEEALINA S0 L
POCEYIFEE 3 min, F Bio Tek /][] Cytation3 Zfff
WIS Z2 D RE A I 22 G2 I 5w e BE, I 158
NLuc B, e S A E

2 EREHMW

2.1 T4 His,-NLuc 8 H HFRIE 541k
AR A EA R EHT
BT, 20t Ni-NTA w124tk )5 al LA 1 L K #
PRI 3 R AR A ) FE 2 NLue 25 [ 33. 6 mg
(F£1), 4ifE7E90% L b HIEH T AL
e, B4 NLue ARG FRK2 ku £
SDS-PAGE HLIK45 R Wos S hr%s (21 ku) 54
bR NERSFE (19 k) pFEAVEER,
MY His #5451 NLuc £ F17E SDS-PAGE fi% 1T

o] CHEET 16 ku) AHBLE T4 (19 ku)
iz (1 1) o FATREI T RE R b T455 1 SDS J5
FEAWRALAN F BRI R L, (Hil 2 —
A

ku

97.2 -

66.4 — : 2

443 “ “ -
: .. e

29.0 . -
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E: M TEARSE; L IESRT2R; 2. R aR; 34
S B 4 Ni-NTAEFZNT BRI 5. 300 mmol/LIKmk
VR 6. 7 Tk s R (DIBRHIsIRE ) ) o

Note: M. Molecular weight marker;1. Whole cell lysate before
induction; 2. Whole cell lysate after induction; 3. Supernatant;
4. Flow through of Ni-NTA chromatography; 5. Eluent sample with
300 mmol/L imidazole; 6. Eluate of size exclusive chromatography
(after His tag removed).

SDS-PAGE#: fll EZHNLuck) Fix SNi-NTAEHT 4L
Verification of the expression and Ni-NTA purification
of NLuc by SDS-PAGE

1
Fig. 1

F1 ILE coli BERIEMANELR His),-NLuc EH
Tab. 1  Purification of recombinant His,-NLuc from 1 L cultured E. coli cells
i H BHEHT/mg alifig/ % EWR/mL FiEWAE/ (mg-mL™") e/ ng [A] 5%/ %
item total protein purity volume concentration yield recovery rate
supernatant 3 644 1.2 40 91.1 43.7 100
Ni-NTA 36.0 93.4 30 1.2 33.6 76.9
Superose 6 25.6 98.9 16 1.6 25.3 57.9

2.2 NLuc ZEHRIEE

TEXT NLue 73— B BTAs A, AT
R HERI TN R AR Al - Y A T AL B T
1f Ni-NTA SERUZT T TOIb A, FfE¥hR
FUsAsRIAbrER (B, 45888 #aifbn)

HEHAETZ R LIRF] 90% L 1o 4> Fifis A
2A 7R NLue 3 H PLURIBOIR ST 1, 7280 75
WA RS R 5310 L R i EAT SDS-PAGE
Rk (K2B), #E—Palifb/5h) NLue 205G, H.
C R -1 P s mh A (5 22100
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A B 1 2 3 4 5 6 7 8 9 10
13.86 ku
120 1 972 =
664 1
100 :
443
=
2 80
£ 290  ww
E 60
(=1
S
g 40
20.1 .-
20 1 |
143 — -
0 ,
0.0 50 100 150 200 250
VLAY mL
elution volume
FENLucPEBL ) T 06740 13.86 mL; B. 1. 23 FHFR%S; 2. Superose 6L EESEFES:; 3. 5894 ; 4. 55109,
551145 6. 551245, 7.4513%F; 8. 45144%; 9.4515%%; 10. FREE AT NLuc,

Note: The center of the NLuc elution peak was 13.86 mL; B. 1. Molecular weight marker; 2-9. Elution of
the Superose 6 column from 8 to 15; 10. NLuc sample before loaded on the Superose 6 column.

2 Superose 65> FiF4i{tNLucEH
Fig. 2 Purification of NLuc by Superose 6 size exclusive chromatography and SDS-PAGE

WAL e — L AL, AT B Ty
LR EE A NLue (9074, K3 BoR: 2010
AL P LT- 4 O W T — 20 H Y R
Fo T SDS-PAGE Z554t (16 ku) SHHEIED
TH (19 ku) FRAEZS, MRERIE H 018,
AT LU A AT T B E . MR R R
JPoI TR, NLue 707404 19 134.9 u, iR
THUE(E N 19 116.926 v, PIHAEH &L, UEW]JL
JBE IR B B Az 5 LA 45 SDS JE M RA 5, M
R B R KRB
2.3 NLuc & FBES R

FATHFEE I NLuc (192170 Bl 5 40T R, Br
L, FA148 B Promega /Y 5] 1) Nano-Glo Luciferase
Assay ] SIS 19 NLue 85 H #4717 B D
7, JFeiil NLue RUBETEHIZ (K4) o Z5R 2R
{ift ] furimazine 1§ 2 JIE 4 #E A7 Bl 05 4G 0 10, 44k
() E 2H NLuc 25 A L PETE B =D 1.0 x
104 ~1.0x1077 mg/mL (1.0 x 10~ mg/mL
T o P 1 0 R R T A A TG S B S,
KA, MG T R 0.993 1, FrAE 4
NLuc )04 19. 1 ku, HEMAM FFR 1.0 x
1077 mg/mL AR5 F 5. 2 pmol/L, HAGARAF 1 b7 Fi]

N SR N =
N TR HEIE T NLue B9AY) KGR IA &, Ao
10 000 19 116.926 >
1,000 000 4 5
4 8 000 #
g Z 6000
= % 100000 4 . R=0.993 1
= 8 H g ’
LE 4000 55
e #®E =
2 000 = 10 000 3 pe
L /
0 .
10000 15000 20000 25000 30000 1000 ' ‘ '
20 1E-7 1E-6 1E-5 1E-4
Jifr tbm/z

B M /(mg + mL)

3 NLuc MALDI-TOFUE#&INLuc? FES R KT
Fig. 3 Verification of the molecular weight and oligomeric
state of NLuc by MALDI-TOF

mass concentation
Bl 4 NLucPZtHEEEMREE
Fig. 4 Verification of the luciferase activity of NLuc
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3.1 4 NLuc 3 RRIKAEL

AW TE LA T AL 58 IPTG 55 H 8h i %
PR R IR, KB A ShiE TR B AL E PRI
R, HEEEnfeE, prilkst A shis s R
Ge3k1K His o -NLuc 8, 1M 52N A 8] -5 35 B2 AT 2
I AW B, (758 A Rk A PR S Al
JEHRA T PRALE

TEFNTEE F, B ICAEIOLR MR E A
1 N o B b 1A His %2 EHER, Z)5
A 3k 2 AZ T 8 75 86 TR A R e Vs 2
HpREE Faifb ik, J5 S i s 5 sC i |
Oy AR T IE AT RS 2k, Z RAL AR . MBP,
GST ZEHR R WL Z A alifbin s, T2 RAA
BRI T B/) s T B /N AN 52 0 2 D' 2 Tl
=S A5, NLuc $i SCRRIGE Al # vkl , - v LA
FA TR BB ] 50119 22 SR A IR AF o A b
28 o FATT A [7] e J3E 1y WK 5 i R I H A
HH, REERMRARE AT, AR B Y 2
HAAW 52 300 mmol/L ) KIEZZ np
BT 2] TR i i) HiE S

1111 2 J 2 1 A/ PR S 5 S b X = it A r 4
b, ERCRABIR, Hih T Ehsife = Yo
Cais, FrUfEd) s 2 RAAMRRER, KAl
FLARVERRE P20 25 BR#h 28 5 HA 7 7 1 22 S 4
RIZBTEN AT, 28 W2 ik )5 1) NLue 7545 i 1)
P b T I RATAE 4 CIRBE T 4ERraE FiE 1
3.2 NLuc #H IPOERBHE N E

FA T 1 L NLuc 542 58 10 g K /i 1 258
JeHE FABL, NLuc B0 FRUREIN T BRI R T HAb
RIREI RS, KOCRCRE R oy B R0
R R LU LA T SR, X 5 6
B 2OREAR, Wi T NLue {0 19 ku, J2& H Al
o FRE/NIIOCRIE R, HHRREMAA S,
P AR RICER F #EAT 3 A SO A )Tz
IR o
3.3 NLuc ZeICER B N A5

RGO R M (I B IO RN, Ak e
JEREG) A ABLLCRAER AR SURs £ 2 &
AMERIOC RO A T2,
MY SO BE R A6 H2 (BRET) I &E A
FARFMY R ARG T A R P9 5 R

B N E R C N 12N 5§73
JHEMEH, WA EIEREGER .. A51EK
IR G O A o T RRATT T B9 I oK D R
By THA /N, ROCRCR RS, # s
GLOOCR M RAT ) Z N

HAET, ZYOCRBC &4 N2 TEE 2 9k
H T, A AT L R 2, G R A
TBIBESZ R AR SR, B LR 2% R HL e A Fr) A
Fesy s T ERA S SRS, B2
¥ NLuc 3% 42 3 HADHT AR 8 1 A 20 55 i m0R S5
w1, AR JE FH RIRE A ARSI R e i 112
JEREGSLLS, XA B AR E T PEATIR ARSI
FERITHT. AT a-synuclein (4K BTAA
FICR BRI a-synuclein (1) L IK V- 5% FE
AT XTI 4 AR AE 1 L B2 W P I g s sl A
4T NLuc Jz PDLI $ip 4 () 55 41 85 1ok 8 7 R )
PDLI #5255, LIkt i i35 AR G 2 KT 4
FTVPAG 2 45

AT B T JLFPEE 4] NLuc (145 d 4544,
FETE_BTREOGUR BL1TUL fi 2l e s 1 15 S 508,
fif#fr 7 NLuc 2 10 MR S50 . AT A itk — 25
FR 4 A5 R PCE NLue, 448 i H R G RE S fis
FENE, AT ATE S Z i RS R R, (H
TOMABECHI 42" &2 73 1418 T NLuc 19 i {4
ghky, SIAVERIMEE R 2, HAEAR 5 H
AXF NLuc () SRS A TR ATHE
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