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Expression and activity assay of recombinant flap
endonuclease 1
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Abstract: Flap endonuclease 1 (FENI1) is an endonuclease that catalyzes invasive reaction. It can be used in
signal-amplification reaction-based nucleic acid assay. However, the application of FEN1 is hampered due to the lack of
detailed protocols to express and purify the enzyme, and to quantify the enzyme activity. In this paper, the DNA fragment
coding the gene of FENI1 from Archaeoglobus fulgidus was synthesized, and inserted into the plasmid of pET24a(+) to
express recombinant FEN1 with His-tag. After optimizing the expression, detailed expression protocol of FEN1 was
obtained by culturing the recombinant E. coli at 37 ‘C with 200 r/min of shaking for 8 h, followed by inducing with 0.05
mmol/L IPTG at 37 ‘C for 11 h. The purified recombinant FEN1 with the molecular mass of 38 kDa was obtained by
Ni-affinity chromatography. Moreover, we developed a accurate quantification method with fluorescence-labelled probes.
Finally, the recombinant FEN1 was used in real-time PCR coupled with high specific invader assay for aldh2 gene
genotyping to obtain the correct typing results, indicating that the recombinant FEN1 can be used in gene polymorphism

detection. We provide a reliable enzyme for developing invasive reaction-based nucleic acid assay.

Keywords: flap endonuclease 1, signal amplification, activity assay
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Fig. 1 Schematic illustration of FEN1 function in the
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. When a complete complementary
upstream-probe (UP) and a partial complementary
downstream-probe (DP) hybridize with the target
nucleic acid (Target), forming a tripartite structure with
one-base overlapping structure at the 3’ end of the UP,
FENI1 recognizes this overlapping structure and cleaves
DP into two parts, then the unmatched part (Flap)
dissociates from DP. Since the reaction temperature is
close to the melting temperature of DP, DP hybridizes
to the target with UP and assemble the tripartite
structure, FEN1 cleaves DP continuously and forms a
circulation, dissociated flaps finally accumulate and
lead to signal amplification.
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Kit Promega 37 'C 200 r/min 0 3 6 11 16h
SDS-PAGE (12%)
HPLC 123 IPTG
( ) IPTG
PAGE 1 0 0.05 0.1 0.5 1mmol/L 37 ‘C 200 r/min
. . Il h SDS-PAGE
12 A& 120,
121 (12%)
_ 124
NCBI A. fulgidus FEN1
IPTG 1 4
(Gene ID: 1483479)
8 10 12h IPTG ( 0.05 mmol/L)
pET24a(+) . )
37 C 200 r/min ITh SDS-
XL10-Gold pET24a(+)-FEN1-
' PAGE (12 %)
His BL21(DE3) 15 FENL
BL21(DE3)-FEN1
122
BL21(DE3)-FENI SmL LB (60 mmol/L)
(Kan', 30 pg/mL) 37 ‘C 200 r/min (300 mmol/L)
1% 100 mL FEN1 SDS-PAGE
LB (Kan', 30 pg/mL) 37 ‘C 200 r/min ( 10 kDa )
8h IPTG ( 0.1 mmol/L) FEN1

*1 BEBFIER

Table1l Oligonucleotides sequences used in this study

Primers/probes Sequences (5'-3")
UP* ATGTCACTTCCCCTTGGTTCTCTCC
DP* AGCAGGACGGGATCTGGCCTGGTGC
Target CTATTGCACCAGGCCAGATGAGAGAACCAAGGGGAAGTGACAT
Flap” ACGGACGCGGAGT
F¢ GGGTCAACTGCTATGATGTGTTTGG
R® GCCCCCAGCAGGTCCC
Invader® GGGCTGCAGGCATACACTT
WP* CGCGCCGAGGGAAGTGAAAACTGTGAGTG-PO;
MP°¢ ACGGACGCGGAGAAAGTGAAAACTGTGAGTG-PO;
Hairpinl® VIC-TCTT (BHQ1) AGCCGGTTTTCCGGCTAAGACCTCGGCGCG-C6-NH2
Hairpin2"® FAM-TCTT (BHQ1) AGCCGGTTTTCCGGCTAAGACTCCGCGTCCGT-C6-NH2

a: sequences of probes and the target in the preliminary activity verification system; b: sequences of probes in the

activity assay system; c: sequences of oligonucleotides used in SNP genotyping.
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Fig. 2 Optimization of expression conditions. (A) The electrophoregram of the supernatant of the lysate of
recombinant E. coli after inducing 0, 3, 6, 11, and 16 h (Lane 1-5). (C) The electrophoregram of the supernatant of
the lysate of recombinant E. coli induced with 0, 0.05, 0.1, 0.5, and 1 mmol/L IPTG (Lane 1-5). (E) The
electrophoregram of the supernatant of the lysate of recombinant E. coli with the initial time of induction of 1, 4, 8,
10 and 12 h (Lane 1-5). (B) (D) (F) The percentage of FENI in the supernatant of the lysate by analysing the bands
of electrophoregrams with BandScan software. M: protein marker.

kDa FEN1
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: 5 flap
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3 SDS-PAGE ###E{L fRHIELE FEN1
Fig. 3 SDS-PAGE analysis of the purified recombinant FEN1
FEN1. M: protein marker; 1: purified recombinant
FENI. 123
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Fig. 4 Urea denaturing PAGE analysis of the products of invasive reaction. Lane 1-4: invasive reaction with

0.1, 0.01, 0.005, and 0 umol/L targets respectively.
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Fig. 5 Measuring the activity of FENI with fluorescence-lablelled probes. (A) The principle of FENI1 activity
determination. (B) The curves of real-time fluorescence with varies concentrations of FEN1. (C) The standard curve
of FAM signals with the concentrations of FAM labelled probe. FRET hairpin: fluorescence resonance energy transfer
hairpin probe.
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