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Rapid site-directed mutagenesis on full-length plasmid DNA
by using designed restriction enzyme assisted mutagenesis
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Abstract: To use the designed restriction enzyme assisted mutagenesis technique to perform rapid site-directed mutagenesis on
double-stranded plasmid DNA. The target amino acid sequence was reversely translated into DNA sequences with degenerate codons,
resulting in large amount of silently mutated sequences containing various restriction endonucleases (REs). Certain mutated sequence
with an appropriate RE was selected as the target DNA sequence for designing mutation primers. The full-length plasmid DNA was
amplified with high-fidelity Phusion DNA polymerase and the amplified product was 5’ phosphorylated by T4 polynucleotide kinase
and then self-ligated. After transformation into an E.coli host the transformants were rapidly screened by cutting with the designed
RE. With this strategy we successfully performed the site-directed mutagenesis on an 8 kb plasmid pcDNA3.1-pIgR and recovered
the wild-type amino acid sequence of human polymeric immunoglobulin receptor (pIgR). A novel site-directed mutagenesis strategy
based on DREAM was developed which exploited RE as a rapid screening measure. The highly efficient, high-fidelity Phusion DNA
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polymerase was applied to ensure the efficient and faithful amplification of the full-length sequence of a plasmid of up to 8 kb. This
rapid mutagenesis strategy avoids using any commercial site-directed mutagenesis Kits, special host strains or isotopes.

Keywords: site-directed mutagenesis, polymerase chain reaction, designed restriction enzyme ssisted mutagenesis
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1.2 A& TCG AGG TCA GCC AGG GTC-3'; pcDNA3.1-pIgR-
1.2.1 7/ DREAM 4RI T4 KIEH Ei T2 ZMR, 5'-GGC TGA CAT CAAAGG ACA GG-3'.
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Fig.1 Schematic diagram of rapid site-directed mutagenesis on full-length plasmid DNA using DREAM technique. (A) Design of
target DNA sequence with an appropriate restriction endonuclease cleavage site, by reverse translating the target amino acid sequence.
Mutation PCR primers for full-length plasmid amplification are designed according to the target DNA sequence. (B) Flow chart of the
mutation procedures. Origin, The original DNA sequence to be mutated. AA1, Amino acid sequence deduced from the original DNA
sequence. AA2, The target amino acid sequence. Design, The designed target DNA sequence with a restriction endonuclease cleavage

site for rapid screening of recombinants.
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pcDNA3. 1-plgR-zmF

TCGAGGTC AGCCAGGGTC
1441 GGCCTGTCCT TTGATGTCAG CCTGAAGGTC AGCCAGGGTC CTGGGCTCCT AAATGACACT
CCGGACAGGA AACTACAGTC GGACTTCCAG TCGGTCCCAG GACCCGAGGA TTTACTGTGA

GGACAGGAAACTACAGTC GG

pcDNA3.1-plgR-zmR

PCR+self-ligation

pcDNA3.1-plgR-zimF

B TCGAGGTC AGCCAGGGTC
1441  GGCCTGTCCT TTGATGTCAG (CTCGAGGTC AGCCAGGGTC CTGGGCTCCT AAATGACACT
CCGGACAGGA AACTACAGTC GGAGCTCCAG TCGGTCCCAG GACCCGAGGA TTTACTGTGA

GGACAGGAAACTACAGTC GG

pcDNA3. [-plgR-zmR

2 ‘TSRt

Xhol

Fig. 2 Design of mutation primers. (A) The original DNA sequence to be mutated. (B) The target DNA sequence with a restriction
endonuclease cleavage site (Xho 1). The designed restriction enzyme is indicated by an open box.
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S 1) 4 150 s {8 2 4 3 Hh pcDNA3.1-plgR
44 8 kb 257 (WL 3).

1 M

oo

woen

3 £4<FEH pcDNA3.1-plIgR #Y PCR ¥ 1&

Fig. 3 Amplification of plasmid pcDNA3.1-pigR. 1: PCR
products of full-length plasmid pcDNA3, 1-plgR; M: DNA
molecular marker.
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MIENIZR). N T RV Y245 5 X 43, 5
WY1 5 Xho | 5 Sk i& iy Bgl 1 44Tk
H 4 SRz U1 4459 bp, 2077 bp il 1450 bp =45k
DNA 7, i J5 4 1Y 5 ki pcDNA3.1-plgR L b]
4459 bp F1 3527 bp 1Y 2 4545 . FRATH L& Xho |
1 Bgl 1l A& EEVIZE R BoR: 2.5 F1 7 5 va ek FHME:
SO (AT 4A), T At 50 % O J5U G Bk p)cDNAS.1-
pIgR. H i kL Eb i i Bk H 22— Xho | il V17
A5, A B oA U A5 s 5 A AR ], T DA FRAT)
HEFE Sall Al Kpnl XUEGYT, #F— %@ A 58
IS, IkEZERER X 4 Nkl H i DNA
S SE 4 —FE, KR/NHK: 2702 bp . 2188 bp. 1567 bp.
889 bp. 606 bp 1 34 bp (34 bp Hi 7L ML UK A F AT
W, B 4B).
2.3 DNA F3Io

AT 2 5 BHPE s B ET T DNA JE 514 Hr, [
28 B AR J L Z k95 Iy 41 (B 4& B iE CMV S
)7 F T i) BGH Poly(A) i 5 L) S ALt 47 T 6
AN R0, #3580 T 2 4500 bp (A5 R, %45
TR, BT 4500 bp i DNA 41 5 1 5¢ 44 [,
FW NI HAE IE T pcDNA3.1-pIgR | 1465 {158
KL, I BB PCR &) 2 41 7 7% (K
5).

B
C Clone2 Clone5 Clone7 M

Identification of recombinant plasmids by restriction endonucleases. (A) Recombinant plasmids and the original plasmid as a

control are digested by designed endonuclease Xho | combined with Bgl Il, showing that recombinant plasmids are readily identified
by designed endonuclease (Xho 1) digestion. (B) Recombinant plasmids and the original plasmid are digested by non-designed
enzyme Sal | and Kpn I, showing that there is no difference between Recombinant plasmids and the original plasmid. (C) the original

plasmid pcDNA3.1-plgR. M: DNA molecular weight marker.
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570 l 580

Original sequence

590 600 610

TTTGATGTCAGCCTGAAG GTCAGC CAG GGTC CTGG GCTC CTA AATGACA

Mutated sequence

B l l
650 660 670

680 690

T TTGAT GTCAG (‘l(‘ TCGAQGTCAGCCAG GGTC CTGGGCT C CTA AATGACA

5 7%|f DREAM ¥R EESRLTH DNA FIINELR

Fig. 5 DNA sequence analysis of the rapid site-directed mutagenesis based on DREAM strategy. (A) The original plasmid with an
arrow to show the nucleotide to be mutated. (B) The target plasmid with the arrows to show the target nucleotides and an open box to

show the designed restriction endonuclease Xho I.
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