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H B EBRBRNFAE—FEATAMNE ARG EZE DNA 570K, ER AR ZR T 65 0E Bk n
B BORL 6 R AL . A% B F RO AR R 6 & B9 A& A& 3k £ % & B8 Photinus pyralis luciferase (PpL), % B # 4%
EMERE, Fiud iz i h 69 BAEBLM A R AR AT AR, B BB F R KE. AT EIRBE
HEBRNEFRERR, 25RTHAREIARZTKRREEZBEGRDF 7], ¥ HL3END) KL EK
pET28a(H) ¥ MEFA 4, ¥ EARAHNI XMATE T, HFAFI A ELAARAIRET N RFTH
6xHis (ZLRBR) HENFMHRREDARTKRRAEEH. AARERENE, 4UFHTHFELH 60 kDa
Hibi#F#H 4.29x10" RLU/mg 9 £20%& 8. ST EAMAD AR K REAFTBHOGABTUHRLEREN, 458
50 CHABEAEM, £40°CTHE 25min BFEREET 90% i £, HAEFEFARLELLE#HY L
BN 5 A ARG, daf A B KRR K R X BB H 69 P R AR A3 A AS A TARKRGR G, ZNAF R
BRAE3T CARE | hBMtBFE Esme)NF LR, ARERAYE AT § I A0 ik BB BN 5 R
JRFREET Ak,
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Abstract: Pyrosequencing is a tool based on bioluminescence reaction for real-time analyzing DNA sequences. The
sensitivity of pyrosequencing mainly depends on luciferase in reaction mixture. However, the instability of pyrosequencing
reagents caused by fragile wild Photinus pyralis luciferase (PpL) in conventional pyrosequencing usually leads to
unsatisfied results, which limits the application of pyrosequencing. In order to improve the stability of pyrosequencing
reagents, the coding sequences of mutant thermostable Luciola lateralis luciferase (rt-L1L) was synthesized, and inserted
into the plasmid of pET28a(+) to express the thermostable rt-LIL with a 6xHis-tag in the N terminal. The purified rt-LIL
with the molecular mass of 60 kDa was obtained by Ni-affinity chromatography. The specific activity of rt-LIL was
determined as 4.29x10'° RLU/mg. Moreover, the thermostability of rt-LIL was investigated, and the results showed that
rt-LIL had activity at 50 °C, and remained 90% of activity after incubated at 40 °C for 25 min. Finally, rt-LIL was used to
substitute commercial Photinus pyralis luciferase in conventional pyrosequencing reagent to get thermostable
pyrosequencing reagent. Comparing with conventional pyrosequencing reagent, the thermostable pyrosequencing reagent is
more stable, and it’s activity would not lose when incubated at 37 °C for 1 h. This study laid foundation of establishing

reliable and stable pyrosequencing system which would be applied in Point-of-Care Testing.

Keywords: Luciola lateralis luciferase, thermostability, pyrosequencing

BB I ¥ (Pyrosequencing) £ AR J& £ P K microRNA #6145k 7181 sk, 7E4%
DNA {3 (DNA polymerase). —BHR 1 i SR BRI SN AR FR v, PR R Z N B
MR AL (ATP sulfurylase)!1al % P A 2 B 2 WX AR S w K ORI, B TR, 7
W (PPDK)P! JEE M (Luciferase) ™ FI = # BRI TR 50E . @HEMAE 30 HIER
MR IR U FR G (Apyrase) PRIEIVERT, DL sk FP, e BRI $EAT SRR IR I e S
ZEA R AT ERT, SCaAs I Bl e 51l 30 min DA |, 3K 2ih A R RR I PR R A R
(g —Fh AT B AR TS, ARV I | f A BB RE S0y 9 2R ) R S MR A P
UL AT AR, Iz TR R R [Fi) B, 205 5 Wl 19 0 e 3500 1) £t A R i o T
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AL KT R BHEMEEAR, HAERMITRHRL R
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o Pkl BFAE R H AR K HOSEOE R B
(Luciola lateralis luciferase, LIL) #EFA-#IL3E
K WG R M AA B A TEE s AT
ERRAE, HARE s —

A FEHE T SCHR P E SR H A K ¢
YR MR E PERI AL 25 R, (AR K i
i Z 2 G T Ala217Leu 2875
i R 2 A H AR RE K 9 R (Recombinant
thermostable Luciola lateralis luciferase, LA T faj
PR rt-LIL) FEN RIS Fe51), b o 2h JSoRs il
KT N Ui 6xHis (L&) P25 rt-LIL,
TE S HE Al F K2 I T Al R e B 1R R
e, ST T AR ST AR BRI I e A AR BN AS E AR
BRI PR 2R

1 HRE57*®

L1 ##
111 X8R

Ultraschallprozessor ## 7 2] Jfd Bl e 4 (1 5]
Dr.hielscher); DNA VIR 4alifbilil & (RiEEAL
Yy, BEMZENHE (3£E GE Healthcare) ;
GenGenius #E i LK AL AL (36 [E Syngene);
BPCL {2 EMIRE X (h I RLf Be E ) ) BLAT
¥ FIF); Gene Spe I 7A0-0038 #1484k n] L3566

B3t (HA NaKa Instruments); THZ-03M2R /)
RUVe R SO R IR PR R (T H BE TR A W)
HAMRA T ARSI QR IR
HARAT]) 5,

1.1.2 &

Hind 1, Nde 1 FRFIVENDIE CRiEELE
Y1); BRATFBEGLER (APS). — PR AR XUk R Bty
(Apyrase). D-ZEE (32 Sigma); B EH
i (32 E Promega); o-it A8 A & = W MR AR T
(dATPaS). WA =AML %17 (dGTP). Mi‘A —
PR (ATTP) AP —#E MR MY (dCTP) (3£
Amersham Pharmacia Biotech); ATk kL
pET28a(+) ( 3 Novagen) ; Klenow DNA
polymerase (exo )5 =Wk IR 17 i iR 1L B (ATP
sulfurylase) A A 5L 5 %= & & ;5 o £ W
ArcticExpress A ARSI A7 ; HAFI Y R 53
Brali, BT A R 28 Y K 25 8 1K Be il
1.2 7&

120 TRERENEEREIFRE

MR 220 3R Wi 4 K i 5% 77 51 (GenBank
Accession No. X66919.1) &t f5ea M m H A
R MPOCRBEHE A W iy 51, 8 H 4l
Ala /) 217 %H5F GCA BUh %% Leu () CTT,
IFAEIL 57R 3343 510 1= CAT il AAGCTT LAGy
FNIRIF N VI Nde 1 1 Hind TITE BI040 55
CATATG F1 AAGCTT, 3K JE 1 656 bp B I
WY TREARA A SR, XY
(Hind Ill/Nde 1) J546 AR [FIAEBEE L rg 3R
K JFUKL pET28a(+) #4455 5 4 itk
pET28a(+)-LIL, %% {t315 £ ArcticExpress, H
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L% 1 S IR A W A B w0 e a5 BH P o
W, KEFRMETE 1A 3EA T S mL LB (Kan') Wk
Rigede, 37 'C. 160 r/min JRFEL R, K H
i 1% ()R E R3] 100 mL LB (Kan®) 7,
37 °C. 160 r/min #i&RFEH;F 3 h J5IMA IPTG (&
W 0.1 mmol/L), 25 'C. 160 r/min i3 %k
1.2.2  rt-LIL B4tk X 5PN E

WS SRR TR, AR, 2.0, |
TERARATHHAZRRS, LIEHEERZT
aiifk, FH 30, 50 mmol/L WKMEZE ik i 2%
F1, 300 mmol/L WKMEZE mk VElE H I, #4
Ve RIY H AE H FH#EE 73 154 30 000 Da
(6 U8 B0 AT IR BR R, TR H
SDS-PAGE 4347 .

W T i U 56 5O TR AR R AN (W10 g e
(1115, 2230, 4460, 8920, 17800 U/uL), %>
BT pL A 10 pL P36 S8 (0.1 mol/L
Tris-HAc, pH 7.75; 0.5 mmol/L Z — &%V Z &
(EDTA); 5 mmol/L Mg(Ac),; 0.4 g/L B Z 4l
WEAEE (PVP); 0.02% 4 I35 &1 (BSA);
1 umol/L Z i FAEE (DTT); 0.4 mmol/L D-Z¢5%:
#; 1 mmol/L ATP) ", JRZJ5H T BPCL 155
KOG E AL E A5 5 (Counts), HIE(E 5
(Counts) -fif§{i§ 77 (Units) truERZE . K alifbiA nE
JE PR R S5 A R (545, RS PR 2k
THRMEG , FRAR R 58 AN I A vk B A5 R 5
EACIEN
1.2.3  rt-LIL MG e 55

¥ rt-LIL 43 BCEAE 25 °C L 30 C, 35 C.,

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

37°C. 40 °C. 45°C. 50 ‘C/K¥AIEE 10 min,
T A VKK FP T 1 min, B 1 L fin AF)
10 pL PU3E RV, e AR SR, DI 20
B rt-LIL 32550 100% , T4 B
B G E ARG F S, DUAHXE 5 5 B X i
HIREERE, ISR MACRTICRBERT L, 5
Wrt-LIL, 7E 40 CAKIEH & 0. 5. 10,
15, 20, 25 min, HGEBCGHBAVKKE A 1 min,
BT pL MAE] 10 L 096 SR 0 e HAR 5 5
FE, DIARZLIHEF R rt-LIL 52155 R 100%,
HAEZRERE G0 t-LIL MRS S, LA
FOT R E AR, SRR TR
FEVEST L
1.2.4 rt-LIL FrE BRERR I P4 R i F8 i 1
5

N T B UE rt-LIL £E FEBERRIN e B rh i RS E
Pe, B rt-LIL A S0 AR B RR W BN R IR AR
(0.1 mol/L Tris-HAc, pH 7.75; 0.5 mmol/L £ —Jf%
Vi Zfi® (EDTA); 5 mmol/L Mg(Ac),; 0.4 mg/mL
B OIFEMIE AR (PVP); 0.02% 4 1L3E HEH
(BSA); 1 pmol/L —fii 75bilE (DTT); 0.4 mmol/L
D-3862; 2 umol/L BRI -5"-BERTRIR (APS);
0.2 U/mL ATP #HifLf; 90 U/mL Klenow (exo );
22.4 mg/L 96X Wi ; 0.16 U/mL Apyrase) H, 43
BI7E 37 CWEE 0. 30, 60 min 7, MEANTE
IREERAR (7518 AGTTAAGCT ATATAAGA
AGCTGAAAAGAGAA, T RIZLER /il 22 5 51))
MBS B, I LGS RN 7 S N R AR IR
FEARTR S5 W0 AH R AR
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2.1 rt-LIL BiFSFRIL
R G AT 2 B B P AL AT 5 R0A 7

Y17 SDS-PAGE 4r#, If5 & H Kik& ik
pET28a(+) X} IR HEA T X He, S5 5 anE 1 s
57C H W5 B BT BEE B S AR A
(B 1 HRTkiE 3. 4) AHEG, PR R AR
S REATH AR ST =Y 60 kDa
EAE A S (B 1 PrgkiE 1. 2), xEA
BT S EA B A K RS/ 5
TR, WA IR rt-LIL, B
W EET R EHES (B 1 hUkGE 1) A AE
FREHE S (B 1 hikiE 2) S, HHE
Pt b 5 R AR H AR BT A Y, G
] rt-LIL K4 LARIVAIE 3k, AR I fill bl
R R RNZE T 7 Ralifh
2.2 rt-LIL RS {L R i1 E

o 200 R0 T R 9L T R AT R R RN B AliAk
FH 30, 50 mmol/L WK mMEZ% wh i P8 i 2 55 1
300 mmol/L WKMEZZ MR VEME H 2 1, FRRFUE
JI 7 MR g e 4 bR L , B J5 >R H] SDS-PAGE J3 4
aifb e R EALEE, K 2 R, S5 RRIISEE
FZHTaiL )5 0 2 AR Bl R3S o L
TR TOCRMVEPRIES, e (55 -E
TIEANTRRERT R, MR bR i e B 2R AN S 1Y)
B B AR A A SO R LT
4.29x10" RLU/mg, Tt IE00 R B s
(3.9x101°11L1Jhng) B, UEH rt-LIL A] DA AL
Ge AR T S A R O R

rt-LIL

1 EHAARBKARERBERBK

Fig. 1 SDS-PAGE analysis of recombinant thermostable
Luciola lateralis luciferase(rt-LIL). 1: supernatant of the
lysate of ArcticExpress transformed with pET28a(+)-LIL
after induced; 2: total protein of the ArcticExpress
transformed with pET28a(+)-LIL  after
3: supernatant of the lysate of ArcticExpress
transformed with pET28a(+) after induced; 4: total
protein of the ArcticExpress transformed with pET28a(+)
after induced; M: protein marker.

induced;

1 M kDa

s — 117.0
- 600
- —45.0
- —33.0
- —240
. —180
T —14.0

B2 SfeF=YImE e Bk

Fig. 2 SDS-PAGE analysis of purified recombinant
thermostable Luciola lateralis luciferase. M: protein
marker; 1: purified rt-LIL.
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2.3 rt-LIL BAGRE M

H T %5 r-LIL BIRGE T, W E A BEEAR
)R K 78 I 10 min, SRS I I e
b, VAR ABEAE 40 CoK I HhCE A R st )
J&, PR HAEPEAR A, [FIRT SRSV R
AR LA, S5 RN TEl 3 s o AIEL 3 Al A 3],
mﬁﬁﬁwﬂi%%%%ﬁﬁ?37@%%ﬁ¢
TR TR, fE 40 CHFF T, BEREE R AIAY
ﬂﬁ,%ﬁ%MT%,smnNMNﬁﬁaT
%] 30% LR, 10 min J5 G PR E] 10% LR,
20 min Ji5 JLPRG AN SIS 14 5 0 rt-LIL 7 37~45 °C
A PIEE TR/ T 30%, 1 40 C/RKB TS
25 min JHPEIRIREEE 90% . DA LE5REW, &
L FAE O TR A A b R DO R A AT

AR E M, X A3 e AR B R I e I N R R A R
E'@%ET%M o
A 100

10

Remaining activity (%)

—@— Commercial PpL
—&— rt-LIL
1 1 1 .
25 30 35 40 45 50

Temperature (°C)

3 BREEARARBSHRUIEHAOMN ALK

Comparison of thermostability between home-made rt-LIL and Promega-Photinus pyralis luciferase. (A)

Fig. 3

2.4 {EA rt-LIL BABRBERRIN R 2 B0 Hvis E 1:
AT ST RE AR G A I e S N AR R B AR,

SE R R R Z , 25K R ah ik
1 PR E EE A AR 3K OO R M AL 569t

F AT AR NP RN , IR SN AR 1%
WRET 37 CHRMF T30 EF 0. 30, 60 min,
SRIGHE 37 CAAF T INT , HF 50l 25 R an &l 4
PR, S RFIUE GBI TR R A6 37 CHF
A 30 min J5, WFESERETNET 80% L I
(H 4A-B), 1 EF 60 min 5, JLT-I ARG S
(&1 4A-C); 1fiy 1 FH HE 2 i 4 H AR 2 5 28 il 1 £ ol
TR AR 2278 37 CHFE 60 min, HF{5 558
JERAMHFAE (K 4D-F), X—45 R R EA
i $A S N R Ml T LA I 2 R v AR B R W e S N A
R E

100 8

10

| —@— Commercial PpL
| —&—rt-LIL

Remaining activity (%)

0 5 10 15 20 25
t (min)

Remaining activity of rt-LIL and commercial Photinus pyralis luciferase after incubated at various temperatures for
10 min, respectively. (B) Remaining activity of rt-LIL and commercial Photinus pyralis luciferase after incubated at

40 °C for different time, respectively.
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Fig4  Programs of artificial single-strand DNA template by using conventional pyrosequencing reagent and the
rt-LIL contained pyrosequencing reagent incubating at 37 °C for different time. The order of ANTPS dispensing is
C-A-G-T. (A) Conventional pyrosequencing reagent incubated in 37 °C for 0 min. (B) Conventional pyrosequencing
reagent incubated in 37 °C for 30 min. (C) Conventional pyrosequencing reagent incubated in 37 °C for 60 min.
(D) rt-LIL contained pyrosequencing reagent incubated at 37 °C for 0 min. (E) rt-LIL contained pyrosequencing reagent
incubated at 37 °C for 30 min. (F) rt-LIL contained pyrosequencing reagent incubated at 37 °C for 60 min.
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