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Abstract: Taq DNA polymerase is a thermostable enzyme and widely used in PCR technology. In order to
improve the production of Tag DNA polymerase by recombinant Escherichia coli, in this study the enzyme
yield and specific activity of the enzyme were taken as the inspection indicators. The single factors producing
Taq DNA polymerase content were optimized through single factor test: fermentation temperature, pH,
amount of IPTG inducer, induction time, and inoculation amount. The results showed that fermentation
temperature, pH, concentration of IPTG inducer had a significant impact on the specific enzyme activity of

Taq DNA polymerase produced by the genetic engineering strain, while induction culture time and
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inoculation amount had no significant impact on the specific enzyme activity of Taq DNA polymerase

produced by the genetic engineering strain. So fermentation temperature, pH and IPTG inducer concentration

were selected as three factors of response surface to optimize the fermentation process of recombinant

Escherichia coli for Taq DNA polymerase production. The response surface analysis results showed and that

the order of significance for the specific activity of enzymes were: IPTG inducer concentration>fermentation

temperature>pH, and the optimal fermentation process parameters were: fermentation temperature 37.2 °C,

pH 7.5, IPTG inducer concentration 0.800 mmol/L. Under this condition, the specific activity of Taq DNA

polymerase reached (43.822+0.878) kU/mg.

Key words: recombinant Escherichia coli; Taq DNA polymerase; specific activity of enzyme; fermentation

process; response surface methodology

BAMEE B (PCR ) 201 27 45 g
KERMR THZ—, # PCR £ R, DNA
R A B CHEE Y PCR VP4 DNA 2
FER R AR T AT, PR A 2 — Fh AR I T
Taq DNA & M i) 2 g AT IE ( Thrmus
aquaticus ) "1 43 B 4lifb 15 B (1 #4882 1t DNA B4
Mg, J& PCR SN H e # FH Y —Fh DNA B4,
i H AR 28005 = 2 SR 28 J R Ak Y Taq
DNA F4 8P4, FIH & A KT # L Tag
DNA & B A H AT DL o S5 G B ™ s A1, ifi 5
A LLE A R A S D8R, R T2, N
KEMEAE 7 Tag DNA A BT T LAl

H1F Taqg DNA R A& ii#E PCR 1Y) Z N H ,
A A% ] £ H AR — ELAE AR A ki P
T AN m B AR L B ) RV R
REZWFE FE IR X MR A B, IR AR
#, itk (e T EAM A Tag DNA
B A W AE KT 1R v & T A 7 1) S A e 3k A A 1Y)
g e A ), A SCHERTIARF ST 9 S RE 1, %
X K HT I A2 7 Taq DNA RA R LB T. 204
1 o T 3 2o 5 PR 2 L R T ik Ak 4K
FFHI A2 Taqg DNA RE M AR T2, dEmde e
Taq DNA R Gl & , &y Taqg DNA A MR T
Al A BRI —E 4R S
1 MRER=E
11w

E.coli BL21(DE3)/pET28a(+)-Taq: &4l

Rt E R R =R A, WM R T
—80 “CkAfih; RIRER (Kan), 57HNEE-B-D-Hi

RAEFUMEH (IPTG ). Taq DNA R A . DNA
Marker &Y LA . i YR L R
AHBRAHE

SR ARG R A LB AR R R IR
LB [E A5 77 5 S R W T 1 ke 5 57 2 . Kan FTC
E/KECH], 50 mg/mL AIRHELE 4 CLRAFEM
BUAE R, R R 95 508 1) 22 5 IR I P 0
MPTA R, RSP RTE S R R

LB [E A IR B 7 . SRR 10 g/L . BERES)
5g/L. NaCl 10 g/L. Zfi§ 15 g/L. 1000 mL Z£1#
K, WA pHEZE 7.0~7.5,

LB WA IR B 7 . SRR 10 g/L . BEREA)
5 g/L. NaCl 10 g/L. 1 000 mL 7&Kk, 535 pH
HE 7.0~7.5,
12 UF5EH

PHM100 4 {33 iRz K mar: il
LR/ AR AR ; SW-CI-1D # G TAE
G JIRPHEARAR; HT-211A BIFER: [iF
W B2 A ZR AT BR 2 7] 5 DNP-9082 U Il 15 77
. TUILRAR) s TC1000-G PCR fX: Jbxnt
KX J& DLAB,
13 LWHE
1.3.1 ¥R 5 RN

PRBUAAFET—80 "CH I E. coli BL21(DE3)/
PET28a(+)-Taqg T F2/#, %5 mL &% Kan ditk
(IS IR 37 °C . 180 rpm R —K .

A 100 pL 7% L Y E.coli BL21(DE3)/
pET28a(+)-Taq T 10 mL &4 K% 2% (10 pg/mL )
) LB ¥ 32, 37 °C, 250 r/min ¥53553 % ; X
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H, BUSFRSHNE®R 10 mL, AT 1 L&A
RHiAE R (10 pg/mL) [ LB K5 F=H, 250 r/min
Bi g SRR K H i (0D600=0.5~0.6 ); [H14557
WA S IPTG, B35 — e,
1.3.2 FESBYFEEL

PBE S 4 °C, 12 000 r/min B.0> 5 min, #
% FWEW, DU EET 0.01 mol/L PBS(pH 8.0 ) H;
FEPE KIS RE W= 4)%: 4 °C, 12 000 r/min
20 15 min 5B ETEW; 0.45 pum fAL U R U8
EIEW, Ni-NTA SEFIZHT, BEBAH & 500 mmol/L
BRI 0.01 mol/L PBS (pH 8.0) Wi, fH&IE A
A,
1.3.3  F& e —F% DL i s Ak

PRAEIR A BT (% Drse s G-250) .
BFRI 100 mg & i 5e ik G-250, ¥ T 95%H &
b, 5 100 mL 85% W/V BIBSRRIR A, 1 0.01% M
pH 7.0 BERR G2 PE R B 1 L, A%, 4 CIRAF
JFHCE 0.01% NaCl ¥ o F A% i i Ze I #F i
(TG RR VR . A T EAR il ol 590 110 4l 35 A8 T 1
EAK, HE R R XA W LIE 2
B4l B 1 — A Hahs, RIS ERRE ST, B
i (mg) B 0T EA BB 1 5807
1.3.4  Jili% AL E

DA SE 1Y) Taqg DNA R A MEIEATRAERR B« 1 ¢
2,1:5,1:10, 1:15,1:20, 7€ PCR R hiH,
YSUAH [ AR FRAS [F) 36 BE B 1) Taq DNA Al i i/F 17
E IR HL VKA AR RS B 5 [RIINE, K o R
AR ERER, JE4T PCR P78, BEMCHVK, 75
B AR RGAT BT RSS2 B A T
J1 KB HE 3 T
1.3.5 HRHEZESE

SRR R SRR R & BETE . pH . IPTG
WA, HREE, EMESEEETEZSH
HATB— AR B EE 3 W, XHHAR
W AT B i BTG e, PRALRETE Taq
DNA AW & ER RN R ARIRE . pH.
IPTG % A& . F a2l
1.3.6  MANEIE AT A R R 5 ik B R e %A

A 1.2.5 PRIZRSCEER, LIE IPTG 175
SRR SRR AR S N R,

L Taq DNA 2455 2 S e W A, >R JFH Wil i 1] 552
% 11 Design-Expert 12 3k {1} Box-Behnken %
TF=RER =K 5258, I P vl 17 T80 325 X 7
E. coli BL21(DE3)/pET28a(+)-Taq itk B T &5
#HAT AL
14 #RERIEKI

WA S 1 S FE TS AT R B SE 8, EA
3 W, WOPIIME . HG e FI A 5 50 r 45 21 1) 512
BRAE, iF— 20 B0 nm 7 1 v T A5 20 M TOE, ok
B 2 WA O, TR AR AR I R T T S e B il 5, J2
7 HA SR A A
2 #HR51He
21 HiFEBEORERZ

DABG AR R B R AR bR, AS95 AN DR, 15
FIFFE R C FINOGIE AS95 ZePEmIF M2,
H5FE N y=13.04%-0.000 9, R*=0.999 3, Jftzt
Hox ABEEE R, y AROGIE ., BEE AR
2k LI 1,

0.30

05| 7-13.04x-0.0009 .

00 R=09993 e

£0.15 e

20.10 e

005t e

ol

005, 0005 0010 0015 0020 0025

2 ¥R BE/(mg/mL)

Bl HBESREHRLE

Fig.1 Standard curve of enzyme protein

22 BEEXBER
22.1 KREFREEXT Taq DNA BEH™ 1 HE
npalioEAl|

HE BRI, HecimeE, K
J5 I Taq DNA 54 g &2 G LU TG 7 . 45 R Al
2 s

M 2 FTLUIE Y, T 27~42 CEBEAMIT,
R A 4 Tl = AR L35 0 B ek T R T 3 9 T
w37 CF, MEIRENTE,
it s VR LU0 9 SO B o AT R i R A Y
A TN 1) AR S 7E B AL T AT Y, T
TR GERRE M R E, MRk 37 C

156



&E3135 20230 £ 48

%m‘m@mﬂﬁ” 5
! EYMIE

i}, Taq DNA 3G =& R LUIE ok, #oy
OB KRR -

2500 -135

- LS ) — MR 130
2000} _
2
2150 )
=~ R
Eﬁ* 1000 15 yn
& 10 g
500
5
0 27 32 37 2 0
BB/ °C

2 BEX Taq DNA B &EE~EFEFLLE SRR IT
Fig.2 Effect of standard curve temperature of enzyme protein
on theyield and specific activity of Tag DNA polymerase

2.2.2 pH X Taq DNA 24 gy & Flt L% 7111
Al

HEREERMRREAZ, RS pH, kG
I Taq DNA R4 = MG LTS . 458K 3
Fr7s

3000 440
LGS 35

2500 -

2000 - g
? “25@
= 1500 1205
m}ﬂm‘H 1158
gIOOO— 2

1108
500 - {s
0

60 65 70 715 8.0
K pH

3 pH f&3 Tag DNA B & B~ 2 MEELLE S B9 I0
Fig.3 Effect of pH on theyield and specific activity
of Taq DNA polymerase

ME 3 ATLE W, X pH {EH 6.0~7.0 B,
AR i e RO LU TG D W g, (HU2Y pH
o 7.0 J5, MEERER T, B R S
ST R o AT R Tt PR R P R P B 5 %o T A A=
KRB A B4 T IEIERT, S s
R PR & W% pH 4 7.0,

2.2.3 IPTG S HEX Taq DNA RA ™ &
%ﬂ@@tb?ﬁﬁ p A

ERBEFMREEAL, Hs IPTG 5%
%UFHE, KGN Taq DNA 54 i re= & F G i

jjo /H%ﬁ”@ 4}5)]"2_‘0

3000 - - 50

m LGS 45

2500 F — R 4
-~ 1 e ®
"2 2000 | 35 g
= 1303
E 1500k —25_§
y {204
1000 F 1152
& 2

500 | 110

15

0.2 0.4 0.6 0.8 1.0
IPTGH¥E E/(mmol/L)

Bl 4 |IPTG iREXT Taq DNA B&EEF= 2 MEELLE TR
Fig.4 Effect of IPTG concentration on Tag DNA polymerase
yield and specific activity

ME 4 mTRUAH, %550 IPTG WEZXT Taq
DNA 5 g™ i AR LL 1% ) 9520 8.3, 24 IPTG
WE/NT 0.8 mmol/L 1, B IPTG ¥4I,
il A0 LS 384, 24 IPTG #k B KT 0.8 mmol/L
f, BEE IPTG BRI, = Ml LT
RN, AIRRJE R IPTG WRBERAIK, WEAA
#Y lac lﬁ@z%[ﬂ%ﬁ TR, M AF T
FREARE; H—Jrm, dEEERN PTG &
PEFEARTETER LR IR BT B, Bl B A L
071 W BT Ll S TR ) TPTG (0.8% )s
224 PEEWEIXS Taq DNA 4™ it Al L
‘IﬁjJElﬁf"ﬁﬂlﬁJ

ERBERNRFEAAL, RE g5 S miE,
ﬁﬁ%):{)ﬂﬂ Taq DNA R4 8 & FIfg L% 1y o 4521
WE s P,

3300 150

3250 —LLET 1 45
3200 L 40 _
J3150 35 ¢
53100 302
£ 3050 255
3000 2044
2 2950 15§é
2900 10
2850 5
2800 0

20 25 30 35 40
PP HEIR /b

5 FESEFMEN Tag DNA BAE~EMELLE NN
Fig.5 Effect of induction culturetime on Tag DNA
polymerase yield and specific activity
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S R] B 36 I G L TG D, 1 5 B ) Gk 3
3h, PEREGTEIAPIRK, MEARIRR,
BE& A T RE AR = AR &, TR R KRR
JIFRE, BEHTE R TR B LU R g
84 3 ho
225 HERERXS Taq DNA 4GB R L 1S
JIH 5]

HERBFMREEAZ, HUUEgma, &
T J5 I Taq DNA 25 i & G LU TG ) o 4558
K6 fim .

3500 - m LGS ST 1 45
77777777777777777777777””” B -
3000 [ =
135 _
EZ 500 |- ot
gbz 000 os
; R
#1500 i3
1152
#1000}
410 =
500 F ¥
0

0.5 1.0 15 20 25
B E/%

Bl 6 #MEX Tag DNA BEEF~EFMELLE NN
Fig.6 Effect of inoculation amount on Taq DNA
polymerase yield and specific activity

HE 6 WJLUE Y, #FhE M 0.5%E Iz 1%
I, Taq DNA & M 5 I TG ) Bl =2 35
1% 3R I, Taq DNA R4 M ™ & A LU )
B R 1% % 2.5%0), Taq DNA %
A iy B RN LIS ) BOMT AR, 3B B A, 450 it
T 1%, WA/, AT R, MR E
M 1%, WA, "TREs T R A KT
PR, RIS BB I RN S B EA R, %
TR IR AN IS o BT AR AR R 1%
23 MNEDHERHEEZEGENREKTE
2.3.1  PHZEIKF 1 Bk

X AN R R R S g AT 25 408, Nk 1.

WX A EEREE . pH. IPTG S HNRIE | 5
SER IR ] | SR R 3R S g A 25 43 e (A
1), WNaFras _el LUR R BB . pH . IPTG
VBRI T, WHZ R TR H & B Taq DNA %
A RELCTG A B, M TR IR R A
O™ Taq DNA G W LLIE JI52m N B 2 Hoik

PERTEEE . pH. IPTG 17 55703k & A by v 7 TG
=K,

®1 IRERFEFWE

Tablel Resultsof variance analysis

% SS df MS F i
RWERE 85.1 4 21275 8230197  ***
pH 107.4 4 2685 78.49667  *¥*
IPTG BRI 140 4 35 64.246 67 **
HSEgEE 1582 4 3955 8.20333
i 1553 4 38.825 259825 *

T (9FR P<0.05, H25; (**)FR P<0.01, A wEk
FESt; (**0)FER P<0.001, A BHEEER

Note: (*) indicates P<0.05, with differences; (**) indicates
P<0.01, with significant differences; (***) indicates P<0.001, with
extremely significant differences.

232 SEWBEITEER

R REE R, B ARRE . pH. IPTG
V5 v BEAE R By T =AM &, Taq DNA R
GG ) (KU/mg) VERma R, Beitrhe 4l ss
Ky, ZRZE UKL 17 AN S s R R T 4 S
By, KPR 2, S50 )7 EMLE L 3,

*2 ZRAE=KFERER
Table2 Threefactorsand threelevelsvaluetable

2 7K
1 0 -1
ARE/C 32 37 42
B AT pH 6.5 7 7.5
C IPTG #5531 ¢ & /(mmol/L) 0.6 0.8 1.0

*3 ZLWIEITFIER
Table3 Test design and results

L5 A B C BELLEE 1 Y
1 37 7 0.8 45.7
2 37 7 0.8 45.6
3 42 6.5 0.8 38.5
4 42 75 0.8 35.2
5 37 7 0.8 45.7
6 37 7 0.8 45.8
7 37 6.5 0.6 353
8 37 7.5 0.6 30.2
9 32 7.5 0.8 383

10 37 7 0.8 45.8
11 42 7 1 26.2
12 42 7 0.6 38.6
13 32 7 1 27.3
14 32 7 0.6 38.9
15 37 7.5 1 33.5
16 37 6.5 1 28.7
17 32 6.5 0.8 36.6
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LA PCR JZ M52 9 Taq DNA A1 FL i
J1 (kU/mg) RNi{E (Y), SEEBTHEERILE 3,
F| H Design-Expert12 ZA4:X} 52 3 HAG S50 4L
AT IR Z WAL, W LIS Taq DNA %
ARELLTE 6 A B . pH. IPTG 535
) R Z IR )5 : y=45.72-0.312 5 A-0.237 5B

0.900 0C-1.25 AB-0.175 0 AC+2.48 BC-6.36 A
221 B*-11.58 C?

2.3.3  FERIEEST N B BTG
SCHGAE R T R L 4,

R4 ZHRERFENH
Table4 Results of variance analysis

" KFFHE
REON FHA AMRE U F{& Ko
A 852.35 9 94.17  2322.04 <0.000 1
A 0.7813 1 0.7813 19.15 0.003 2
B 0.4513 1 0.4513 11.06 0.0127
C 6.48 1 6.48 158.88  <0.000 1
AB 0.202'5 1 6.25 153.24  <0.000 1
AC 0.1225 1 0.122'5 3.00 0.126 7
BC 24.50 1 24.5 600.76  <0.000 1
A 170.31 1 17031  4175.83  <0.000 1
B’ 20.56 1 20.56 50421  <0.000 1
c? 565.10 1 565.10 13 855.44 <0.000 1
%7E 02855 7 0.040 8
RAIH 02575 3 0.085 8 12.26 0.017 4
a2 0.0280 4 0.007 0

pegil 852.64 16

3 36T [R5 4307 48 SR AT AT, — IR
A (P=0.0032) @3, B (P=0.0127) B3, C
(P<0.000 1) Hzf3, —WI A* (P<0.000 1),
B® (P<0.000 1), C* (P<0.000 1) # ¥, O
I AB (P<0.000 1), BC (P<0.000 1) #% &3,
B [ R (P=0.000 2<0.005 ), &R 23,
MISE Z B R?=0.999 2, (3 RAZB R 0L A4 F2 8 R4
SEHRRZE/N, FONE 5 SE 2 R R A G
(R?=0.995 1), UEMIZBMEAIER, &R
T A 53 Hr 8 2 K AT R A= 7 Taq DNA R4 il L
77,
2.3.4 W TE ST S04
1 AEENERA RS, #r g 2 4
PR 25 ) [0 {1 5G 2R 110 = 2 A b ] o i 7 T 0 AT 4

B 7~9. P 7~9 LR T 4% R 2 X o 7 i
MM OCFR . IPTG MR BRI K, & L 52
WK, RICHBEMMZE, pH i, RIAN
S 2, pH A RS X (RS M A o PRIA
RN WEME: KEEREE . IPTG WM H
YN B3, pH. IPTG & Ay A HAF A 3%,
REEREE . pH WA HAERIA R, WItR{E IPTG
W BE ) — IR TR 4K, F (ERT P {EARG 56 35 i
i IPTG YRR MR A 2 . UII7E 4l KA FT
W E 7 Taq DNA REGEEAY S FEH IPTG W2 BR
FIPER 2 W I R . IPTG WA/ 3h 14
RET RS LU 36 7 1 25 AR

i Lb 3% /1/(kU/mg)

7 EBILEANEABRE. pH BN EE
Fig.7 Response surface of enzyme specific activity

Wi b 1% 41/(kU/mg)

8 EgtbiE 15 pH. IPTG K E R Nn R E
Fig.8 Response surface of enzyme specific to fermentation
temperature and pH activity and pH, |PTG concentration
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B L 7% £7/(kU/mg)

9 EBLLENSEBEE. |PTG R E KNG R E
Fig.9 Response surface of enzyme specific activity to
fermentation temperature and | PTG concentration

3 3k B PR 3R R B HRE A 43T DA e — R 2 T
mlARE R R i, X R EIA 40T, 153 &
H KA FFEELE 7 Taq DNA B A R R B T 4 4
P R E S 37.209 °C,pH {8 N 7.468,IPTG
FESHNME N 0.800 mmol/L, & KM IE Sk
43.489 kU/mg.,

R T B RS A A R, RIS
PFF X AL KA B A2 7= Taq DNA RA T, HR
6 RIS, SR ZE R AR : 43.186,43.690,45.122
42.768 . 43.563 . 44.600 kU/mg, >R HFH414 K

(43.822+0.878 ) kU/mg, 5 FUMAE IE R 2 0.76%.
o HE
3 g

f£ Taq DNA R4 R 6 & 050 s g0
Engelke 25014 19 Taq DNA B4 10 L& J1 R
5300 U/mg, #1305 45 1) Taqg DNA R4
(IS J1h 2 651 U/mg, BI04 Taq
DNA RE B LG T8 41.667 kU/mg., ALK BT
JHHE# E.coli BL21(DE3)/pET28a(+)-Taq HE &4k
FarE M 3R1K Taq DNA A, @5 T K BER
FE. pH. IPTG HSHI & . FFHtE] 2
LGSR EA KT A 7™ Taq DNA A B 152
M . F]F Design-Expert12 B4, Tiiikiafie T &
f#E " Taq DNA REN FEHNE N IPTG 5
SR E . KRR . pH, HBEMER: IPTG
5 7 W RE > O IR PR >p L P36 e e 7 1 S 38 73

Bk Xl ke T 2T iAt, BUSEAFRICR o
2 2 AL KM AT B A 7™ Taq DNA R A B0 et
RWETESHh: KR 372 °C, pHH 7.5,
IPTG 5 35 & >~ 0.800 mmol/L, Tag DNA 4
fELL IS 710 43.822 kU/mg, XT 6iG S B 2 4R
o VA AR T 260 6T, 5] LL2iA7E
R WERE AT KT 25, IS Taq
DNA RA MRt i L Ak P e 45 = .

SE WK
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