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Abstract: Mutants of proteins are the basis for studying their structure and function, this work aimed to establish an efficient
and rapid method for constructing multi-site mutants. When four or more adjacent amino acid residues need to be mutated,
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firstly, two long and two short primers (long primers I /III, short primersII/IV) were designed: the long primers contain
mutated sites, and the number of mutant bases is <20 bp, the short primers do not contain mutated sites; GC contents of the
long and short primers are <80%, and the difference of annealing temperature is <40 °C. Then two sets of reverse PCR
amplifications were performed using primer pairs (I /Il and III/IV) and templates, respectively. After amplification, each
system can obtain non-methylated linear plasmids which contain mutated sites, and the breakpoints of the two sets of linear
plasmids amplified by primers I /Il and III/IV were distributed on both sides of the mutated sites. Followed by digested by
Dpn 1 to remove the methylated templates, the recovered PCR products, which were mixed in an equimolar ratio, were
performed another round of denaturation and annealing: the two sets of linear plasmids were denatured at 95 °C and then
annealed with each other’s single-stranded DNA as templates to form open-loop plasmids, and then the transformants
containing the mutations will be obtained after transformed the open-loop plasmids into Escherichia coli competent cells.
Results showed that, this method can mutate 4 to 11 consecutive amino acid residues (8-20 bp) simultaneously, which will
greatly simplify the construction of multi-site mutants, Thereby improve the efficiency of protein structure and function

research further.
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pET26b-Lip-SBRN2-F:5-ATTAATTCGGATCCGA
TGCTGTCTGTTGTG-3', Nii#514 pET26b-Lip-
SBRN2-R: 5-GTGGTGGTGCTCGAGTTATTTCC
CGCT-3' (N RIZLbr T 5 R B YIA7 5, 1E ) 5]
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2.5 U FastPfu DNA 47 . 10 pL 5xFastPfu 2 nfi
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1 Lip-SBRN2 (GenBank: EF584562)#0 Lip A (UniProtKB: P37957) mX#hEs &= EER 75! bk 3t

Fig. 1 Amino acid sequence alignment of the mature of Lip-SBRN2 (GenBank: EF584562) and Lip A (UniProtKB:
P37957). Sequence alignment was performed by ESPript 3.0 software. The black shadows represent conserved amino
acid residues, unshadowed represents non-conserved amino acid residues. The underlined sequences represent the
non-conserved amino acid residues substituted from Lip A into Lip-SBRN2, ZQ1-ZQ7 represent the multi-locus

mutants to be constructed in this study.

#1 ZURARER ZQL-ZQ7 B AWM REM A

Table 1 Mutated sites contained in the multi-site mutant ZQ1-ZQ7

803

Mutants Mutated sites Number of mutated amino acids

ZQ1l T32S/S33R/S34D/E35K 4
ZQ2 E57R/Y58F/159V/K60Q/R61K 5
ZQ3 P114L/Q115P/N116G/D117T/K118D/1119P/S120N/Y121Q/T122K/S1231/1124L 11
ZQ4  S126T/T127S/S1281/D129Y/Y130S/1131S/V132A/L133D/N134M/S1351 10
ZQ5 L136V/S137M/K138N/L139Y/D140L/G141S/A142R/N143L/N144D
ZQ6 V145G/Q146A/1147R/S148N/G149V/V150Q/S151l 7
ZQ7 V153G/G154V/L155G/L156H/F1571/N158G/N159L/K160L

&: 010-64807509 . cjb@im.ac.cn
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Fig. 2 Schematic diagram of primer design strategy for mutants with multiple sites.
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Fig. 3 Agarose gel electrophoresis of enzyme digestion fragment during the construction of pET26b-Lip-SBRN2. (A)

Agarose gel electrophoresis of recovered Lip-SBRN2 gene and pET26b which were digested by BamH I and Xho I . (B)

Agarose gel electrophoresis of plasmid pET26b-Lip-SBRN2 and its” double enzyme digested fragments : 1: plasmid
PET26b-Lip-SBRN2; 2: enzyme digested fragments of plasmid pET26b-Lip-SBRN2 which digested by BamH I and

XhoI.
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*2 BHAARTEZQLI-ZQ7 HIEIYIFEFI"

Table 2 Primer sequences of multilocus mutants ZQ1-ZQ7*

Primer name Primer sequence (5'-3')
ZQla-F MCTIAGGGATAAGCTGTATGCAATTAAT
ZQ1l-a-R CCAGCCTTGACTTTG
ZQ1-b-F CTTATCCCTIAGIAICCAGCCTTGACTTTGGAG
ZQ1-b-R CTGTATGCAATTAAT
ZQ2-a-F CGIATTITIGITCICIAAAAAGTTTTAAACCAAACGGGT
zQ2-a-R TGATAATCGCGGTGC
ZQ2-b-F TTTTTIGIGAICIAAATICGITGATAATCGCGGTGCATT
ZQ2-b-R GTTTTAAACCAAACGGGT
ZQ3-a-F cmaclcelcGlTaciclGlaT cclAAATCIAAAAAATITICITCTACAGTACCTCTGACTATATCGTGCTTAACT
ACTA
zQ3-a-R iG(C::TGTGTTTGTCACCAATCGGTTCGCGCC
ZQ3-b-F GAGIAATTTITTTIGAT TITIGGAITICIG/G TIAICCICIGIG TIAIGAGC TG TG TTTGTCACCAATCGGTT
ZQ3-b-R TACAGTACCTCTGACTATATCGTGCTTAAC
ZQ4-a-F ACTAGICIATITTIACTICITAIGICGICIGIGATAT GATIACTAAGTAAACTTGATGGTGCAAAC
ZQ4-a-R GTAGATAGAGGTGTATGATATTTTGTC
ZQ4-b-F TIATCATAT ClclGlcGICTAIGIAG TIAAATIGICITAIGIT G TAGATAGAGG TG TATGATATTTTGTCATT
ZQ4-b-R CTAAGTAAACTTGATGGTGCAAACAAT
ZQ5-a-F GITAATGIAAT TATICTITIAIG TICGACTICIGIATG TACAAAT TAGCGGTGTAAGCCACGTCGGT
ZQ5-a-R TGAGTTAAGCACGATATA
ZQ5-b-F ATICIGIAGITICGIACITIAAGIATAAITTICATTAICITGAGTTAAGCACGATATAGTCAGAGGTACT
ZQ5-b-R GTACAAATTAGCGGTGTA
ZQ6-a-F GlGIAGClACGITAIAICGICITICAIAATICCACGTCGGTCTGCTCTTCAAC
ZQ6-a-R ATTGTTTGCACCATC
ZQ6-b-F GIAITTTGIAIGICG[TITAICGITIGCITICICATTGTTTGCACCATCAAGTTT
ZQ6-b-R CACGTCGGTCTGCTC
ZQ7-a-F GlGIcGTITIGGIG ClAICAIT CIGGICIC TICT TIAGTAAATGCTCTTATAAAGGACGGG
zQ7-a-R GTGGCTTACACCGCT
ZQ7-b-F TIAAGIAGIGICCIGATIGTIGCICCIAAICGICIcGTGGCTTACACCGCTAATTTGTAC
ZQ7-b-R GTAAATGCTCTTATAAAGGACGGC

* The boxed bold bases are mutant bases.

x3 BX

FESHRTEEN LIS RREAIREEL

Table 3 The number of mutant bases and the base number of primers complementary to the template

Mutants

Number of 3'-end complementary

bases of long primers (bp) Number of short primer bases (bp)

Number of mutated bases (bp)

ZQ1
ZQ2
ZQ3
ZQ4
ZQ5
ZQ6
ZQ7

15 15

18 15
20 36 30
14 24 27
14 30 18
10 21 15
12 24 15

http://journals.im.ac.cn/cjbcn
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Fig. 4 Gel electrophoresis diagram of pcr products and recombinant plasmid of multilocus mutants ZQ1-ZQ7. (A)
PCR products of ZQ1-ZQ7. ZQ-a and ZQ-b were the products of two rounds of reverse PCR, the target strip were

pointed by the arrow. (B) Recombinant plasmids ZQ1-ZQ7.
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Fig. 5 Schematic diagram of optimized reverse PCR strategy.
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