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Characterization of a Taq DNA polymerase fused with a DNA
binding domain of Escherichia coli colicin

WANG Yaping*, PING Xiaoyin, ZHAO Yi, LIU Yang, WU Lin, MA Lixin

State Key Laboratory of Biocatalysis and Enzyme Engineering, School of Life Sciences, Hubei University,
Wuhan 430062, Hubei, China

Abstract: Tag DNA polymerase, which was discovered from a thermophilic aquatic bacterium
(Thermus aquaticus), is an enzyme that possesses both reverse transcriptase activity and DNA
polymerase activity. Colicin E (CE) protein belongs to a class of Escherichia coli toxins that
utilize the vitamin receptor BtuB as a transmembrane receptor. Among these toxins, CE2, CE7,
CES, and CE9 are classified as non-specific DNase-type colicins. Taq DNA polymerase consists
of a 5'—>3’ exonuclease domain, a 3'—>5' exonuclease domain, and a polymerase domain. Taq
DNA polymerase lacking the 5'—3' exonuclease domain (ATaq) exhibits higher yield but lower
processivity, making it unable to amplify long fragments. In this study, we aimed to enhance the
processivity of ATag. To this end, we fused dCE with ATaqg and observed a significant
improvement in the processivity of the resulting dCE-ATaq compared to Taq DNA polymerase
and dCE-Taqg. Furthermore, its reverse transcriptase activity was also higher than that of ATag.
The most notable improvement was observed in dCE8-ATag, which not only successfully
amplified 8 kb DNA fragments within 1 minute, but also yielded higher results compared to
other mutants. In summary, this study successfully enhanced the PCR efficiency and reverse
transcription activity of Taq DNA polymerase by fusing ATaq DNA polymerase with dCE. This
approach provides a novel approach for modifying Tag DNA polymerase and holds potential for
the development of improved variants of Taq DNA polymerase.

Keywords: Taq DNA polymerase; colicin E; PCR efficiency; reverse transcriptase activity
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K435 . DNA MR . ARSM2 I P2 HT2 . 9
TR A, L) & DNA S5 HE0F9 4 B2 24
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) PCR J i L2 Tag DNA K&, 1
RA WA RCETE PCR N HHE— A A Y
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Taq DNA RATEEAT AR LA EE s,
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5'—3' DNA A HHEE. Tag DNA BAREREW
16 DNA #it F DL 5'— 3" )5 )45 T i) DNA £
(3) k= 355N EEHEYE . Tag DNA J A4 i ik
Z YSSANUIERE T, XEREEAREBE
DNA 55 [ fOFEIRINIE . (4) BldEdr 5 . Tag DNA
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KGR R 2S5 H RIBITF#E R pCOL 1R
A o W i — R A R R A BT, )
T 1925 4F9% Gratia £8L, FFT 1946 Fanah
KIGAT I Z (colicin)™ ', KT H K RE IS BE A9
LRI ANNE . LAEAE 2 BuB A5 Z AR K
FrEZE RN E LRI K (colicin E, CE),
fI4%5 CE1-CE9, H:# CE2. CE7. CES8 #il CE9
HA DNase {&i k. A58 % i T dCE RAbR
sEUB IS HAEA T T & A7 v R AR R
x4 KW ACE 35 bR 282 — M RE RS T 32 = i,
HHA DNA G MEA R, HARRIN.
(1) dCE2. dCE7. dCES F1 dCE9 ¥ H.A 5k
4% DNA (single-stranded DNA, ssDNA), £
X5 DNA (double-stranded DNA, dsDNA), it
#i DNA Fil RNA Z5G68 775 (2) 5 itk DNA 45
& RE IR ST Ay dCE9>dCE8>dCE7>dCE2;
5Pt dsDNA 4546871 (3R 595 %% dCES>
dCE9>dCE2>dCE7; (3) 54kt ssDNA Z54fE )
F 5 55 5 &y dCE9>dCE7>dCE2>dCES;(4) 5
RNA %54 fig 1 15 55y >4 dCE9>dCE2>dCE8>
dCE7; (5) @4 dCE7 F 1Y Pfu fil KOD DNA
KA MR HEATVE B E 5T

Taq DNA 245 il [] B EL A 300 5 S 0 P R 4
fb PCR 1 ) DNA RAEBHE M, —EHLORHS
SRR, WFFR A LA T K i ) ) R
J1%F Taq DNA R4 B 1 700E - AH5E0K Tag
fl ATaq 5 dCE2. dCE7. dCES. dCE9 @4,
R0 G R R R P R AR, B3 8] PCR
T Pk R0 7 SRR AR ARAF R T B P R 28 A8 1A

1A

1.1 ##
111 EZEALRF

PCR [} PrimeStar Max. DNA Marker DL
2000 11 DL 1 kb It H TaKaRa %\ 7] ; Page Ruler'™
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Prestained Protein Ladder. Ribo Lock RNase
inhibitor, Purple loading dye I T5 Exonuclease
) H Thermo Fisher Scientific; Plasmid Miniprep
Kit il Gel Extraction Kit Il H KAR A AL (LD
A FRZ> 7] 3 Bradford Protein Concentration Assay
Kit Iy {2 = KAl .
1.1.2  E#RFARAL

AL pET23a ZARVE R I FRIB A
DR H B RE R R B e ke R pET23a #ifA |, 52
BT H BN Y 2GR 1K . ATag . dCE2 ., dCE7
dCE7 #1 dCE7 74 %4l NMDCX0000232 ££fiff
1E B X WA 9 F 2= B8E o0 (National Data
Center for Microbial Sciences, NMDC), %45 H

https://nmdc.cn/resource/genomics/attachment/detail/
NMDCX0000232, FH:r 5L R 2R A1) (Not 1/

Sacl), T4 DNA %19 )7 X e BE R 2k |, fl
GEANE R PCR W&, A5 RFERH]
XL (Not 1/Sac 1), T4 DNA % 42 19 77 = va &
FIRB B b AT T K A AR OK
¥k A Escherichia coli BL21(DE3)K 7T 1 &
AN, A S R . A S BT R
[ FF 1 7 B I A& A E. coli DHS o J& 32 2541 i
HH A S 30 28 DR o AN S BT 9 K | JSORE AN 2 1
FI7R o
1.2 7%
1.2.1 iK PCRERE

# dCE2-ATaq. dCE7-ATaq. dCES-ATaq #i
dCE9-ATaq fit il dCE-Taq PCR e WA &, S JWifA
Z: lambda-FN, 0.3 pL (10 pmol/L); lambda-RN,
0.3 pL (10 pmol/L); Lamda DNA, 1 ng; PCR fiff
PrimeStar Max, 1 puL (5§ U); dNTPs, 0.1 pL
(2.5 mmol/L); 10xreaction buffer, 1 pL; ddH,O,
#FFE 10 pLo 1Y FVFIY 3 P R/ I
£ 2. EICKGEMIEBE S 20 s, B
dCE-ATaq [ 4 fif1 38 4%
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Table 1 The plasmids used in the experiment

Plasmid name

Characteristic

pET30-Taq

pET23a
pET23a-Taq
pET23a-dCE2-Taq
pET23a-dCE7-Taq
pET23a-dCES8-Taq
pET23a-dCE9-Taq
pET23a-dCE2-ATaq
pET23a-dCE7-ATaq
pET23a-dCES8-ATaq
pET23a-dCE9-ATaq
pET23a-dCE2
pET23a-dCE7
pET23a-dCES8
pET23a-dCE9
pET23a-Tag-dCE2

T7 promoter, AmpR, C-His
T7 promoter, AmpR

T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, N-His
T7 promoter, AmpR, C-His

AR WA 7L PCR, L F2 I 40
T: 95 °CHIASYE 1 min; 95 °CAEME 20 s, 72 °C
B KINAE 20 s, 20 MEFR; 72 °CHE{H 5 min;
12 °CRAfF. RWESHS, WS PCR ™Y, iF
A7 BB O e R VARSI

W GE I A] SE K E 1 min, PE— 00K
dCE-ATaq 1Y) PCR # %, i PCR H &M
AR, AU R P AL PCR, [
AP BR 72 °CIR AL 1 min &), HABFEF [F]
e RO S8 R AT B e B F Dk S DU
122 MK B SERFIREF Mg IRE X E M
R B B

[i1] Fie 1 479 dCE-Taq PCR S W A& & v 4351
IMALHE S 0, 2, 4. 6, 8, 10, 12, 14,
16 mmol/L [ 4F TRV, T4 J5 #1720 1k
PCR 44 ; ] it il {7 dCE-Taq PCR S A Z
YRIIMALHE R 1, 2, 3, 4.5, 6.7, 8.9,

pET23a-Tag-dCE7
pET23a-Tag-dCE8
pET23a-Tag-dCE9
pET23a-ATag-dCE2
pET23a-ATag-dCE7
pET23a-ATag-dCES8
pET23a-ATag-dCE9

T7 ter, AmpR, C-Hi ) 45 :
promoter, AmpR, C-His 10 mmol/L fJ MgCly, R4 /547 PCR #1%. H

T7 promoter, AmpR, C-His SE4t PCR 774, AT NE R e rL Dk A
T7 promoter, AmpR, C-His 1.2.3  HRE B X R R E R £ M

Be il dCE-Taq ¥ 4% 5 Je W A& & : 20nt-F (CG
AAAACGGCATTATATGAT), 0.3 puL; 10xreaction
buffer, 1 uL;51nt-RNA, 1 ng; Taq, 1 uL; dNTPs,
0.1 uL; DTT, 1pL; RI, 1uL; DEPC Water,
AMEZE 10 uL, H S1nt-RNA (7518 CGAA

S Y AACGGCAUUAUAUGAUGCUAUUCCGAGAA
equences (5'—3) Length
(bp) GGUCAUGGAAGUUGGAC,

Lambda-F1 AGTGTGGAAGAGACAGCGAAG 200 W i1 dCE-Taq 10656 55 52 1 1K 2 4331

T7 promoter, AmpR, C-His

T7 promoter, AmpR, C-His
T7 promoter, AmpR, C-His
T7 promoter, AmpR, C-His

&2 RNFFASIY

Table 2 The primers used in the experiment

Primers

Lambda-R1 CGATGCTGAGTACAGAAGGTT 200 ﬁiﬁﬁ PCR ﬁ( ,13 ﬁi‘é S Iﬁj {Er}fﬁgg El/‘] ;Fg 1_\1
Lambda-F2 GCGTGTAAAACGACGGCCAG 500 M. YEAT 2 min BOTE LS 5 . PCR JELE
Lambda-R2 CACAGACACCCAGGCTTTTC 500 i £ et o

Lambda-F3 TGGCGAGTCTCAGGAGTTCG 1 000 PRECOPABLE Sy 2 54, 56, 59, 61, 63, 66.
Lambda-R3 ATGACCGGCTCACGAGAGTT 1 000 68, 69, 70 °C; SRJFIUSF R 4y, A
Lambda-F4 AGACCGCTATCGTTCTCGAG 2 000 0.5 uL 9 RNaseA, 37 °CiHft 10 min, PLAEPBR
Lambda-R4 GTTGCTTCCGGGCTTCAGTG 2 000 R Z Y RNA B ; B J5 KRR 225 2 pL 6XxRNA
Lambda-F5 CGTCTGTCAGCGTCAGTCTG 4000 loading TRAr, PEFT B PR I Tk e 725 Mk 68 I e vk
Lambda-RS TTGTGCTGTAGGTGCCAGTT 4000

(sodium dodecyl sulphate-polyacrylamide gel

&: 010-64807509 B<: cjb@im.ac.cn



816

ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

electrophoresis, SDS-PAGE) il .

2 HERE5M

2.1 FHFRIEHKRIGE

ZHAN S I A AT T ATaq B4
AR, AT 2 FhEh A EA R AR
AR, WL 1 2R —FP A0k dCE RIS ATaq
) N ¥(DLPLEVDFAKRR)EI 4, 7Bl 4 M
pET23a-dCE2-ATaq.pET23a-dCE7-ATaq . pET23a-
dCE8-ATaq #ll pET23a-dCE9-ATaq. %% 2 Ff
HIEK dCE RAIE A ATag 1 C i
(GIGEDWLSAKE)#l 5, 434 N pET23a-
ATag-dCE2 . pET23a-ATag-dCE7 . pET23a-ATag-
dCES 1 pET23a-ATaq-dCE9., £ 3 #4 E F1 il )7 56
ik, AR S oh AL B KB A BL21 1A
b
22 BHERWFTIEMEUE

¥ BSAVKEREEE S5RtA T dCE i) ATag DNA
BA AL [ 4T SDS-PAGE #4610 45 5 4
B 2 fts .

2] Taq DNA A4 R 4T, KT 80%,

A

RBS

1 pET23a-Tag U R ERTIRAY IR E
Figure 1
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onator A.unp‘@ $' _

pET23a-ATaq

A AT RSEECER . RS R ER: C wms
dCE #72 B 4] Taq DNA 54 il 11t 2% 3k 2 5 1
W5 F N unfil & dCE #r25 9 4] Tag DNA §
G, HEPLHEEENG, C wmas
dCE FR% 1 81 11 0 i Pk 5 B9 A B2 (R E G
Wl dg e, DR 2ese i iR Y C smfl G
dCE tr&s B A HE .
2.3 FiE dCE EHRHEY ATaq B9 PCRIER

B aifk )5 i) dCE2-ATaq DNA R4 i |
dCE7-ATaq DNA R4 f. dCE8-ATaq DNA %
4 dCE9-ATaqg DNA H -4, L) lambda
DNA J#8AR , ZE A ]2 10 s, 441 EE 72 °C,
U 21 AMERS, 43 51 PCR 4734 K /N 200,500
1000, 2000, 4000bp B A B, 4174 FHIxK
BRI LRGN, 45 SR 3 B .

K 3 AT, SR dCE #3451 ATaq
AH L, dCE2-ATag DNA R &M . dCE7-ATaq
DNA & 4 Wi . dCE8-ATaq DNA %4 [l il
dCE9-ATaq DNA R4 il ()33 5 Sl 2545 vh
o ATaq B B4 3879, BEMIELS T dCE Fr%
) ATaq 25 1 H A B PCR 33

MCS

Constructing pET23a vectors harboring Taq and its mutants.
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70
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Bl 2 SDS-PAGE #&ill & | 4 &

Figure 2 SDS-PAGE measuring protein’s purity.
Lanes 1-6: BSA 1.5/1.0/0.75/0.5/0.25/0.125 mg/mL;
Lane 7: dCE2-ATaqg; Lane 8: ATag-dCE2; Lane 9:
dCE7-ATaq; Lane 10: ATag-dCE7; Lane 11:
dCES8-ATag; Lane 12: ATag-dCE8; Lane 13:
dCE9-ATaq; Lane 14: ATag-dCE9.

R Y k2P B R R RS T I e Y A R
A, ERIEMETRE 1 min, A WEHAEfPK
FERM IR, Nl 4 Frn . dCES-ATaq & ih T
AP PCR P, 76 1 min AYZEMREFRIA,
dCE8-ATaq #EffiH THe R R B, HAR/NA N
8 kb, [Hit, Akl dCE8-ATaq A H i ) ZE i
W AL, HAR ™ il 7 45 5 7R dCE8-ATaq
PIBRIL S %N 7.7x10°%, SR A) Taq BlkL
ZRARF(8.0x10 ) HHIT .

ATag dCE2-ATagq

dCE7-ATag

24 PBREEMIREN dCES-ATaq B PCR
eS0T

f#i ] lambda DNA fE N, H 43 2 BR A
BHOMARR N, FfEE 0, 2, 4. 6. 8. 10,
12, 14, 16, 18 mmol/L AW, JEfrmitik
PCR, HHZEMil] A 10s, FEfFIRE A 72 °C,
ST 2VAMERR , B e L Uk 45 R DL IR 5

s R, A BREHE R 0 mmol/L i
S SR RS RN A R R 2. 4.
6. 8. 10, 12, 14, 16. 18 mmol/L iff4 PCR
RORIF T ARk, RUE R N4 2B B vk
JEXT T dCE8-ATag DNA B4 A4 16 PE A 1
Bsgm . Hik, EESSKT, Aim RN
RPN AR
2.5 Mg iRE X dCE8-ATaq Y PCR 3 ZE
B =2 Ml

Pl lambda DNA N#HR, TEAKZR M550
AL EHN1.2,.3.4.5.6.7.8.9, 10 mmol/L
) MgCly, #EF7Mi44: PCR, ZEMIRHE]N 10 s,
FEMREE N 72 °C, FLB 21 MIEHS . FABIE R
JREHELTIOT W 25 A TR, 25 R LI 6.

dCES-ATag dCE9-ATag

1 2 3 4M1 2 3 451 23 451 23 451 23 45

&l 3 dCE-ATaq A9 PCR 310 s)

Figure 3 PCR efficiency of dCE-ATaq (10 s). Lanes 1—5 represent the products of the target PCR with sizes
of 200, 500, 1 000, 2 000 and 4 000 bp, respectively. On the left side of the marker is the unlabeled ATaq
control group, and on the right side are four groups consisting of dCE2-ATaq DNA polymerase, dCE7-ATaq
DNA polymerase, dCE8-ATagq DNA polymerase, and dCE9-ATaq DNA polymerase. The template for PCR is
lambda DNA.
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dCE2-ATagq
bp M1 2 3456 78M1 234

dCE7-ATag
567 8MI1

dCE8-ATagq dCE9-ATag
234567 8MI1 234356 78

12 000
4000
2 000
1 000

500

4 dCE-ATag 9 PCR %% (1 min)

Figure 4 PCR efficiency of dCE-ATaq (1 min). Lanes 1—8 represent the sizes of the target PCR products 500,
1 000, 2 000, 4 000, 6 000, 7 000, 8 000 and 10 000 bp, respectively. The four groups on the right represent
dCE2-ATag DNA polymerase, dCE7-ATag DNA polymerase, dCE8-ATag DNA polymerase, and dCE9-ATaq
DNA polymerase. The template for PCR is lambda DNA.

2000
1 000
750
500

250
100

B 5 BREHKEN dCES-ATaq B PCR X
A0

Figure 5 The effect of potassium glutamate’s
concentration on the efficiency of PCR using
dCES8-ATaq. Lanes 1—10 represent the concentrations
of potassium glutamate in the PCR reaction system: 0,
2,4,6,8, 10,12, 14, 16, 18 mmol/L.

2 000

1 000
750
500

250
100

6 Mg K E X dCE8-ATaq B PCR E XY
AL

Figure 6 The effect of Mg”" concentration on the
PCR efficiency using dCE8-ATag. Lanes 1-10
represent the concentrations of Mg® in the PCR
reaction system: 1,2, 3,4,5,6,7,8,9, 10 mmol/L.
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Wi 6 s, 4—7 mmol/L Mg i) 57 =2 J&F
e, 7 mmol/L Mg™' )5 W& B Wi A8 55, i
1 mmol/L Mg®" . 2 mmol/L Mg®" %t Jif () 9k 1 & W
SH) H W= 4k, XU IA R P Mg™ ik
FE AT (1 mmol/L A1 2 mmol/L), KRN JLF-
¥4 PCR 724y, 1M 4—7 mmol/L Mg” X I/ it 5%
Wi, IRSREIRRAM Mg TR, 4
AR 55 ML) PCR =W g B/, H n]
IS 24538 . AACES-Taq B9 76 - A S bl
Mg W B B3E I B i R &R, T Mgt
W EAE 4—7 mmol/L B i 8 16 14 I 4 o

L AT ASET - (1) M 8 B F I s v
ANATE R Sy, B A AR B T ANBEEA T
IEH RA B s (2) RIAAZRTS Mg™
) i 18 e 248 4—7 mmol/L, Mg® e BF 1o B
TR H 23 15K dCE8-ATaq ) PCR 77t
2.6 dCES8-ATaq 7Ei# ¥R N P HIEMIRE

97 iR, dCES-ATaq DNA 54 (30
SRR B R il S AR, LA 51 nt RNA AR,
BOE YT EREE R 54, 56, 59, 61,
63, 66, 68, 69, 70 °C, #Lfifi 2 min, FIRZMR
PAGE X4 3 =Wyt 4 TRl , W2 el 1 (1) Tag DNA
KA WY Ik SOV, PR A R LI 7.
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Enzyme-free |

Full-length product __
Intermediate product—
Primer —

E 7 EEX dCE8-ATaq B354 R RS2

——— — — — — — —

Figure 7 The effect of temperature on the reverse transcription efficiency of dCE8-ATag. Lanes 1-10
represent the extension temperatures for primer extension reaction: 54, 56, 59, 61, 63, 66, 68, 69, 70 °C. The

template is a 51 nt RNA.

WK 7 s, JKiE 1-9 Hdgg s e
ViDL R K = B S Akt Ha K it
JOE A% P10 2 A I s 10 o T A 1 o 25 SR 3R
B J5 1Y Tag DNA BARETE 54-70 °CHY X [H]
NI RAF G s s, JF FUBEER 70 °C,
W SR PR AT . RS 2 S5k, T RE
SERAETRIRN, P4 THIRE=Y, 8
T 5 )

3 W54 #®

Taq DNA 55 il 2 9256 2 vh i ] HLW A i
BRI TR, 488 HACR T LIS & o T4 2
DA A F IR 0% . 164, Tag DNA 4G
it i F LA B e HLAG 1 2R A5 TG 2 DA R 5 e S
BRI PE , FEAZ BRI Hh A AR K (A I 2 g U1
HHT, SZHF PCR JZ I PRIREE 5 5 FH A% R Ao
WTH, CaamR AN R®R T MRy
MeltArray W75, BHA ZEMH . Z2D68M .
a7 SR A AT I VR B 2R A AL, VF AT DAAE I
PREREE 32 N o BIE, o 1) A 58 43
TR T LA K H B A IS TR YT 2
Wi, s M AF A L, R
RT-PCR 7E A% A I H (14) 17 41 o A% R A )
W, WREITIRFER R AT

AT L B EE AR EE R, BT
BT IE R, T8 T T 0% . X} Tag DNA R
BEEAT T A R NGE . B8, % Tag DNA
RAMIE N ATag DNA B4, B 1T A

&: 010-64807509

CA BB, ¥ Taq DNA RAMH 5'—3'5M)
fiffss by 5B, 15517 ATaqg DNA R4&TE, H
K, AR ATag DNA B4 T
PE—2 s, RS S R A AT L R
BIRES 4 8 11 dCE R9145r%% 5 ATaqg DNA R &
WEAHE A, FIF dCE MIREERSS G REJIE ATaq
DNA RAH PCR RHORIE R, [RIAH L %
SEEREES B THRT, IR R I ROR S
KIfh-G#E & dCE8-ATaq.

AN Taq DNA RGBT T — R 502
1, ¥ T Tag DNA R4 PCR SR K
T SRR, SR T IR s T 3 5 ) ) AL o
AN JEERITIE AT LG F TR A A ek
WiX) Taq DNA B4 Wi M & Az 52 i i ALl
P, M dCE 454 DNA k%, Hee
SREE PCR SN HH Ty 9 0, R B Ar] i 1y
RE, VARSI LUE X SR R Mk, Ak
bR BT EA TR DT B A R R A
PERE AR, JP6F Tag DNA RA B
ARG B2 (14 5 5 TR 33 2 S)e T P 1) T LTl

AHFFE B AR Tag DNA 584 il R4 7 ki 1
HARAE THE L R ebERE, AR R
J5 A FERER, bR T 5 Tag DNA B4 14
SRR Z AN, RSN Tag DNA AW A%
AIATEY s ), Wna] LAXE dCE B 5 28 AR A0 s
PEATHRER , DIREIG Sl b | 1A BELE
B DNA 4% (1300 5 SR TG R R 3T 8 Tag DNA
BAME; BEXT Tag DNA B4 7o, ff
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Taq DNA R & H i geoe el — B m, L
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