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Abstract: Single nucleotide polymorphism (SNP) was assodiatéth many human diseases,
therefore, SNP detection was important for earfgdosis and clinical prognosis. Herein, a simple
and accurate method for visual detection SNP $A&&, G/G, A/G) in CYP1A1l gene related to
cancers based on colloidal gold nucleic acid dhigsensor and primer-specific polymerase chain
reaction (PCR) was established. This method couétitly distinguish SNP sites on strip biosensor
by introducing twice PCR amplifications. The secd®@dR (primer-specific PCR) was performed
using specific product of the first PCR as templétes this twice PCR could reduce non-specific
amplification greatly and obtain target product. dddition, single-strand or double-strand DNA
(ssDNA or dsDNA) was accurately produced by intmdg mismatched base at the 3’ end of
forward primers in primer-specific PCR. The destyisérip biosensor could only combine with the
ssDNA, thus visual detection of SNP could be addewithin 10 min by color difference of a pair
of strips. 61 human blood samples by this methokwaentical with those of pyrosequencing. This
method had the advantages of rapid, visual andclost-and was expected to be applied in medical

diagnosis.

Key words Primer-specific PCR; colloidal gold nucleic acittis biosensor; single nucleotide

polymorphism; cancer



1. Introduction

SNP refers to DNA sequence polymorphism caused Bingle nucleotide variation at the
genomic level. SNP mutations may have great impadiuman health, and they are closely related
to various diseases, in particular in various foohgancer and hereditary diseases [1-4]. And the
type of SNP mutation has significant influence ba success of personalized medicine or medical
treatment [5]. Therefore, the detection of SNP ronasites with high sensitivity and specific is of
great significance for the early diagnosis, preienand clinical prognosis of the disease. With the
rapid development of biotechnology, accordinglymewous SNP detection schemes have been
developed, mainly including DNA pyrosequencing [lorescent quantitative PCR (TagMan PCR
method) [7, 8], mass array method (Mass assay) [9, 10] assiriction fragment length
polymorphism (PCR-RFLP method) [11], etc. Thesehmas can achieve the detection of SNP
mutations (or typing), however, it is difficult toe widely popularized because they all require
expensive professional equipment and trained psfeals. Therefore, it is of great significance to
establish a fast, simple, sensitive and low-cos® 8itection technology.

CYP1Al gene is human cytochrome P450 gene, whigs polymorphism in the human
population. The base A of position 4889 is replabgds in the 7th exon (rs1048943). Therefore,
there are three types in the human populationudicy homozygous wild-type (lle/lle or A/A),
homozygous mutant type (Val/Val or G/G) and hetggozis mutant type (lle/Val or A/G) [12-15].
This site mutation is associated with the occureesica variety of cancers, such as liver canceg lu
cancer and breast cancer, etc., when the geneiomutatcurs, the aromatic hydrocarbon hydroxylase
encoded by the cytochrome P450 gene reduces tliftlettion ability of nitrosamines and

benzidine, and thus the incidence of cancer iasxd [14, 15]. Therefore, the detection of thigege



locus can help to assess the risk of cancer, sy, the occurrence of cancer can be avoided or
delayed by improving external causes.

Recently, colloidal gold strip biosensor as a splidse medium sensor has been widely used in
clinical diagnosis (early pregnancy test, HIV tedt.), due to the advantages of convenience, quick
and low cost, visible detection with naked eyeslldital gold nucleic acid strip biosensors for the
detection of environmental pollutants and specificleic acid sequences have been realized [16-19].
However, when colloidal gold nucleic acid stripused for SNP detection or screening, there will be
false positive or false negative results, thaths, test zone (TZ) of the strip pairs all have hiesi
color or no visible color, thus, the detection ™F% in actual samples with colloidal gold nucleic
acid strip biosensors is a great challenge. In géneolloidal gold nucleic acid strip biosensoesc
only be combined with ssDNA and not be combinediwgDNA. So how to get the desired ssSDNA
or dsDNA in the actual sample is a technical diftiz. PCR is simple and convenient and can
specific exponential amplification to get the dedirproduct. In order to distinguish SNP sites,
primers that are completely complementary to tiheptate and mismatched with the template at the
3’ end, respectively, were introduced. When theesaamples were amplified, mismatched primer
could not be combined with templase thetarget sSDNA was obtained, while fully complemewntar
primers could bind to the template to produce dsDMwever, in the amplification of SNP
samples, the mismatched primer would inevitablyil@kmon-specific amplification because of
complexity of genomic DNA (gDNA), thus the targsiD8NA would not be obtained. Hence, twice
PCR were introduced, after the first PCR, spedS®NA was obtained, and the primer-specific
PCR was performed using the first PCR product apl&te, in this way, non-specific amplification

could be reduced greatly, thus, the target sSDNAsSEINA appeared in product. And ssDNA could



combined with designed AuNP-DNA probe on strip biosor, thus TZ of strip biosensor had visible
band. Thereby, this method realized the visualdafiete of SNP in actual samples. Compared with
PCR-RFLP and amplification refractory mutation systPCR (ARMS-PCR]20, 21], visible
detection of colloidal gold nucleic acid strip @osor could remove the post-treatment step (e2d., g
electrophoresis, data analysis, etc.), achieve &siple and low-cost SNP detection, therefore, it
could be conveniently used for screening of SNPstae to diseases. This method only required
twice ordinary PCR reactions, and then PCR prodtmitd be directly applied to the strip biosensor
to distinguish SNP mutation. Therefore, it was etpe to play an important role in medical
diagnosis in the future.

2. Experimental

2.1. Apparatus

Conjugate pad, TZ and control zone (CZ) were obtawith HM3030 dispenser (Shanghai Kinbio
Tech., China). Strip was cut by a programmable stutter (Shanghai Kinbio Tech., China). PCR
was amplified with T100 thermal cycler (Bio-rad, A)SGel electrophoresis analysis was empolyed
PowerPal” Basic electrophoresis apparatus (Bio-rad, USA) &ub cell GT horizontal
electrophoresis tank (Bio-rad, USA), gel was imaggdJVP imaging system (UVP, USA). UV-vis
absorption spectra were performed with UV 2550 sppbotometer (Shimadzu, Japan). Ultrapure
water £18.2 Mcm) was produced by the Milli-Q system (MillipotgSA).

2.2. Materials and reagents

Chloroauric acid (HAuGH4H;0), trisodium citrate, sodium chloride, trisodiutmogphate, Tween 20,
sucrose, polyethylene glycol octylphenyl ether tfFri X-100), sodium dodecyl sulfate (SDS),

polyethylene glycol (PEG-4000), disodium hydrogehogphate (N#HPQO,-12H0), sodium



dihydrogen phosphate (NaPiOy-2H0), tris(hydroxymethyl)aminomethane (Tris), acedmd and
hydrochloric acid were purchased from Sinopharmnibal Reagent Co., Ltd. (Shanghai, China).
Tris(2-carboxyethyl)phosphine (TCEP) was purchasech Aladdin Biochemical Technology Co.,
Ltd (Shanghai, China). Streptavidin was purchasech fBBI Life Sciences Corporation (Shanghai,
China). All chemicals were of analytical-reageradg. Premix Tad' (TakaRa Ta§" Version 2.0)
was purchased from Takara Biomedical Technology d. (Beijing, China). Genecolour | nucleic
acid dye was purchased from Beijing Jinboyi Biotemdbgy Co., Ltd. (Beijing, China). Low MW
DNA Marker-A (25~500 bp) was purchased from San@otech Co., Ltd. (Shanghai, China).
High-purity low-osmosis agarose was purchased fi@ajing Tsingke Biotechnology Co., Ltd.
(Beijing, China). 1xTAE running buffer with pH 8v@as prepared by Tris (40 mM), acetic acid (20
mM) and EDTA (2 mM). The suspension buffer with @H was prepared from BRO, (20 mM),
BSA (5 %), Tween 20 (0.25 %) and sucrose (10 %sohibent paper (SX42), glass fiber (CB06),
PVC plastic adhesive backing (SMNF31-25) were oletdifrom Shanghai Kinbio Tech. Co., Ltd
(Shanghai, China). Nitrocellulose membrane (CN148% purchased from Sartorius (Goettingen,
Germany). All blood samples were taken from Wuham@ercial Workers Hospital and the study
was approved by the Ethics Committee of Huazhonigeausity of Science and Technology, and the
type of SNP mutation (or typing) was confirmed bggsencing at Wuhan Tsingke Innovation
Biotechnology Co., Ltd. (Wuhan, China). The seqesnaf the oligonucleotides used in this study
were shown in Table 1. Modified nucleic acid segq@snwere synthesized and purified (HPLC) by
Sangon Biotech Co., Ltd. (Shanghai, China) andnargi nucleic acid sequences were synthesized
and purified (PAGE) by Wuhan Tsingke InnovationtBahnology Co., Ltd. (Wuhan, China).

Table 1.



2.3. Preparation of AUNP
AuNP was prepared by a previously reported trisodaitrate reduction method [22]. Briefly,

100 mL HAuUC]}, solution (0.01 %) was heated to boiling and thddea 2 mL trisodium citrate
solution (1 %) rapidly. The color of solution tuth&éom yale yellow to wine-red, and after heating
for another 10 min, the solution was slowly cootedroom temperature, filtered with 0.2@n
Millipore syringe filter to remove large particlthe filtrate was stored in refrigerator at 4 °C for
future experiments.
2.4. Preparation of AUNP-DNA probe

AuNP-DNA probe was prepared according to the pualtaeported previously with slight
modifications [23]. Briefly, TCEP was added to thel-modified DNA (1 OD, 10QuM) with a final
concentration of 10 mM to destroy disulfide bontieTireated thiol-modified DNA was added into
14 mL AuNP and incubated for 16 h under gentle sttaland dark environment. Then 100 mM
phosphate buffer (PB) and 10 % SDS were added th@oabove solution to achieve the final
concentration of 9 mM and 0.1 % respectively, armmibated for 30 min with gentle shaking. The
solution was aged for 1 d after adding 2 M NaGigficoncentration of 0.2 M) and then centrifuged
at 4 °C for 20 min with 7200xg, the supernatant digsarded to remove unbounded DNA, and the
red precipitate was resuspended in 1 mL suspetifier, this procedure was repeated three times.
Finally, the red precipitate was resuspended in pl0@uspension buffer (20 times concentrated).
The obtaining AUNP-DNA probe was stored at 4 °Cféure use.
2.5. Preparation of the strip biosensor

The area of strip biosensor from left to right adoag to the direction of migration was composed

of four parts: sample pad, conjugate pad, nitrotedle membrane and absorption pad. The sample



pad and conjugate pad was obtained from the gibss dnd soaked with the buffer (0.5 % Triton
X-100, 1 % BSA, 2 % glucose, 2 % PEG 4000 and 10RBVIipH 7.4), then it was dried at 37 °C for
1 h and stored at room temperature. The conjugate was prepared by spraying 5 plL/cm
AuNP-DNA probe 1 onto the processed glass fibeln Wik3030 dispenser, it was dried at 37 °C for
1 h and stored at 4 °C. The biotinylated DNA probgBiotin-DNA probe T) and probe C
(Biotin-DNA probe C) were mixed with streptavidid (mg/mL) by 1:1 (v/v) respectively, and
incubated for 2 h at room temperature. The strégitabiotinylated DNA probe T (SA-biotin-DNA
probe T) and the streptavidin-biotinylated DNA peoB (SA-biotin-DNA probe C) were dispensed
on the nitrocellulose membrane of TZ and CZ with 3040 dispenser, respectively. The distance
between the TZ and CZ was around 5 mm. Finallythalparts were assembled on the PVC plastic
adhesive backing, each part was overlapped 2 nmendore migration of the sample solution during
testing process. The strip biosensor was cut tohwod 4.0 mm with programmable strip cutter, and
stored at 4 °C in desiccator.
2.6. Preparation of PCR samples

The human blood gDNA was extracted by blood exivackit (Tiangen Biotech, Beijing, China),
and the gDNA was used as template for PCR readtiathe first PCR, 5L PCR reaction mixture
containing 25uL 2xPremix Tad", 2 L forward primer FP-L (10 uM), 2L reverse primer RP-L
(10 uM), 2uL blood gDNA, and 1L sterilized water. The thermal cycling protocotlided an
initial activation of Tag polymerases at 94 °C fomin, followed by 30 cycles of 94 °C for 30 s,
58.8 °C for 15 s, and 72 °C for 20 s, and a findémrsion step at 72 °C for 10 min. PCR product was
used for sequencing to obtain SNP mutations armused as the template for the second PCR. The

primer-specific PCR was performed in two tubegil2forward primer FP with 3’ end of T which



was complementary to the wild-type A site was adibetthe tube 1, and in the tube 2ul2 forward
primer FP-SNP with the 3’ end of C which was compatary to the mutant type G site was added.
50 uL second PCR reaction mixture was composed ail283xPremix Tad", 2 uL reverse primer
RP, 2uL FP or FP-SNP, 2L first PCR product and 18L sterilized water. The second PCR thermal
cycling was 94 °C for 30 s, 63.2 °C for 15 s and®@2for 12 s with a total of 30 cycles, the initial
denaturation and final extension steps were extetm® and 10 min, respectively. All PCR products
were analyzed by agarose gel electrophoresis at(8o%iaining 0.01 % Genecolour | nucleic acid
dye) under the conditions of 100 V for 40 min. Het was then imaged by a UVP imaging system.
2.7. SNP detection with strip biosensor
50 uL second PCR product was directly added to the kampgd of the strip biosensor, a clear

band was observed on the TZ of strip biosensohibgraatographic reaction after 10 min, then strip
biosensor was photographed and the band interfsitg was analyzed by Image J.
3. Resultsand discussion
3.1. Principle of colloidal gold nucleic acid strip biosensor combined with primer-specific PCR for
S\P detection

In principle, this strategy was suitable for théeddon of any SNP site. For the proof of concept
study, SNP sites (A/A, A/G, G/G) in CYP1A1 geneatetl to multiple cancers was chosen as a target
model. The strip biosensor could effectively digtirsh the SNP sites of CYP1Al gene associated
with multiple cancers, and the principle detectwais schematically illustrated in Figure 1. Human
gDNA was extracted from whole blood, which was parfed as template for twice PCRs. After the
first PCR, a 246 bp dsDNA was obtained, and the@rispecific PCR was performed in two tubes

using the first PCR product as template. Both tubese added with the reverse primer RP, which



was completely complementary to the template. khtewh, a forward primer FP with the 3’ end T
corresponding to the wild-type site A and a forwproiner FP-SNP with the 3’ end C corresponding
to the mutant type site G were added to the tulaed. 2, respectively. When the primer is fully
complementary to the template, dsSDNA was generdtiesvever, when the 3’ end of primer was
mismatched with the template, the chain extensiaction of DNA polymerase could not be
extended to form double strand due to the obsiactbe formation of 3, 5’-phosphodiester bond,
and the target ssDNA was appeared. The designedPARNA probe could only combine with target
ssDNA, thus AuNP was accumulated on TZ throughsidwedwich structure, so TZ would appear
visible red band. Based on this, two tubes of P@Rlycts were loaded on two strips, respectively,
for the homozygous wild-type (A/A), TZ of strip lsensor with tube 2 had visible but no visible
band for tube 1, for the homozygous mutant-typ&{(GGTZ of strip biosensor with tube 1 had visible
but no visible band for tube 2, for the heterozygoutant-type (A/G), TZ of strip biosensor with
both tubes had no visible band. Thus, the typeN® Sould be judged by the color of TZs of a pair
of strip biosensors.
Figure 1.

3.2. Characterization of AUNP

AuNP-DNA probe was the key component of strip binsse, so its quality was critical. The
prepared AuNP and AuNP-DNA probe were characterizgdUV-visible spectroscopy and gel
electrophoresis. AUNP had an absorption peak atrgh9(Figure 2), and its concentration was
calculated to be about 0.9 nM according to theditee [24]. The absorption peak of AUNP-DNA
probe was red shifted to 523.5 nm, which was dubedncrease of colloidal gold hydration radius

and gold particle aggregation after thiol DNA mazhtion. Comparing with wine red of colloidal
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gold (Figure 2, inset 1), the AUNP-DNA probe waskdeed (Figure 2, inset 1), which was consistent
with the absorption spectra. At the same time,ribensity of absorption peak was decreased, which
was caused by the loss during the purification afidabeled probe. Agarose gel electrophoresis
showed that naked colloidal gold agglomerated exviell (Figure 2, inset Il) because it could not
tolerate the TAE electrophoresis buffer, while aaclband was observed for AUNP-DNA probe
(Figure 2, inset 1), indicating that the DNA haédm modified on the surface of the colloidal gald t
withstand the TAE electrophoresis buffer. Aftersthihe effect of spraying amount of AUNP-DNA
probe on conjugate pad (i.e. the concentration WfR-DNA probe on conjugate pad) on the color
development of strips was examined (Figure S1oiild be seen that the band of TZ was weak
when the AuUNP-DNA probe was 1, 2 or 3 pL/cm, retipely. However, the band intensity of TZ
was stable when the AUNP-DNA probe was 4, 5 or £plat this time, the amount of AUNP-DNA
probe was excessive. Therefore, the optimal spgagmount of AUNP-DNA probe with pL/cm
was immobilized on conjugate pad (Figure S1).
Figure 2.

3.3. Effect of annealing temperature on different SNP samples in primer-specific PCR

In order to distinguish SNP sites quickly and gasite had tried to obtain the target ssSDNA
directly by only PCR once. Primer-specific PCR w@ad obtaining the target single-strand DNA
using the extracted genomic DNA as template diye€tbr homozygous samples, the ideal PCR
result should present the great difference of lG& Rmplification result (or efficiency) between the
two forward primers of FP and FP-SNP. Therefore;1FBnd FP-SNP-1 were used as the
representative to investigate the PCR amplificatiesults with different SNP locus at different

annealing temperatures. FP-1 and FP-SNP-1 wereemithat were completely complementary to
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homozygous wild-type (A/A) and homozygous mutapetyG/G), respectively, and amplicon of the
primer-specific PCR was 100 bp (Figure S1). For boygous wild-type samples, the intensity of
target band amplified by FP-1 primer at all tempees were greater than that of FP-SNP-1 primer
amplification (Figure 3A), due to the fact that ERcould be completely complementary to the
template sample, and the mismatch between the €dtdke 3’ end of FP-SNP-1 primer and the A at
the corresponding position of wild-type sample (€ab) decreased PCR amplification efficiency.
With the increase of annealing temperature (56.64t@ °C ), the difference between the intensities
of the target bands of these two primers was greatech might be due to the primer containing the
mismatched base was more difficult to bind the tatepas the increase of annealing temperature,
resulting in further reduce in amplification effcicy. However, the opposite result was obtained for
the homozygous mutant sample (Figure 3B). SinceTthmse at 3’ end of the FP-1 primer was
mismatch with G base at the corresponding positibthe mutant template, while the FP-SNP-1
primer was completely complementary to the templtes the intensity of the PCR product with
the FP-1 primer was weaker than that of the FP-SNmer at different annealing temperatures.
For heterozygous mutant samples, since the genddN&A samples could be completely
complementary to the FP-1 primer and the FP-SNHriep, the electrophoresis band intensities of
PCR products of two primers were similar at différannealing temperatures (Figure 3C). The
results of PCR product electrophoresis of three M@ samples also showed as increasing
annealing temperature (56.6 to 63.2 °C), the batehsities of both FP-1 and FP-SNP-1 primer
amplification products were reduced. However, tteésreasing trend was not obvious after 63.2 °C,
and the intensity difference between the FP-1 aRdSKRP-1 amplification product bands was

maximized (Figure 3A and B). Therefore, the optimahealing temperature for primer-specific PCR
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was 63.2 °C. However, it was disappointed that winenabove PCR products was loaded on the
strip biosensor, TZ of all the strip biosensors Imadvisible color, indicating that only one base
mismatch at the 3’ end of primer could not genemteugh target ssDNA. Therefore, in order to
effectively distinguish SNP, it was considered moriematches were introduced to obtain ssSDNA.
Then the other base mismatch at the reciprocalo2rgth base of the 3’ end of forward primer was
introduced (Table 1). Compared with FP-1 and FP-8NFP-2~4, FP-SNP-2~4 and FP-5~7,
FP-SNP-5~7 were introduced different mismatch baseshe reciprocal 2nd position and 3rd
position of the 3’ end of the primers (Table 1).giup primers (a total of 14 primers) were
performed in primer-specific PCR using gDNA sampiéglifferent SNP site as templates directly
and all PCR products were loaded on strip biossnstwwever, it was regrettable that all TZs of the
strip biosensors had no visible band, indicatirgt tprimer-specific PCR using gDNA as template
directly was still unable to detect SNP sites om strip biosensor, even if one mismatch base at 3’
end of primer was introduced. This might be duethe complexity of gDNA, and the direct
amplification of primer-specific PCR could not oibtdhe target sSSDNA effectively. Therefore, the
twice PCR method was considered to distinguish &tidetively, while gDNA was amplified by the
first PCR to obtain a 246 bp DNA duplex, which weed as a template for primer-specific PCR. It
should be noted that 63.2 °C annealing temperatae also chosen as the second primer-specific
PCR.
Figure 3.

3.4. Effect of different annealing temperatures on the first PCR reaction

Since the 246 bp DNA duplex obtained by the fir&RP(Figure S2) would be used as the

template for the primer-specific PCR, whose amgifion quality was critical. In order to obtain
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ssDNA to ensure the specificity of the primer-sfied®CR template, the effect of different annealing
temperatures on the specificity of the primer-sfp@d?CR product was investigated. When the
annealing temperature was between 47.8 and 50(Fi¢Qre 4), there were certain non-target bands
besides the 246 bp target band. When the anne@imperature was between 54.2 and 60 °C, the
PCR products were specific target band. Theretbeeannealing temperature of 58.8 °C was chosen
for the first PCR reaction.
Figure4.

3.5. Effect of different primers on primer-specific PCR and strip biosensor detection

The purpose of the twice PCR method was to geetagsDNA by the second PCR, which used
the single and high concentration double-strandidé Dbtained by the first PCR as the template. In
the 7 groups of primers, the primers with multipiesmatch bases might result in enough target
ssDNA, and primers with few mismatch bases mighatl I insufficient target ssSDNA. Therefore,
AuNP-DNA probe 1 and AuNP-DNA probe 2 were preparedetect the target single-strand DNA,
who could bind to them in different positions. Whtre target ssDNA was present, the two
AuNP-DNA probes would be agglomerated and discdldoecause of formation of the bridge
structure. When the target single strand DNA waeah the two AUNP-DNA probes did not change
color due to their independent existence. In aoldjtthe products of the second primer-specific PCR
was also characterized by agarose gel electropbdeserify the test results (Figure S3). For the
samples of three SNP sites (A/A, AIG, G/G), afte-Fand FP-SNP-1, FP-3 and FP-SNP-3, and
FP-4 and FP-SNP-4 were amplified by PCR respegtivielvas found no visible band appeared on
TZ after loading the products onto strip biosensarsl the color of AUNP-DNA probe remained

unchange (Figure 5A-D), indicating that the PCRctieas involved in these primers did not produce
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enough target single-strand DNA. Gel electropheresso proved this point, their products of the
second primer-specific PCR had only three dsDNAtedphoretic bands (Figure S3A, B and C, lane
1, 2,5, 6, 7 and 8). For the homozygous wild-t{f&\) and heterozygous mutant (A/G) samples,
the products of FP-3 had only two bands (Figure @84 C, lane 5), this might be caused by
insufficient sensitivity of the agarose gel. SirReend of FP-1 and FP-SNP-1 had only one base
mismatch to the samples, therefore, they had lgffect on PCR amplification efficiency. The
reciprocal 1st and 2nd base at the 3’ end of FReBRP-SNP-3 as well as FP-4 and FP-SNP-4 were
mismatched to the template, however, the mismatdB/® or C/T at these two positions did not
affect the efficiency of PCR amplification and tpeneration of dsDNA.

After the amplification of FP-2 and FP-SNP-2, FR#td FP-SNP-5, there were obvious red
bands on their TZs of strip biosensors, and theraufl AUNP-DNA probes turned blue-violet (Figure
5A-D), indicating that PCR of both groups of primesroduced sufficient ssDNA. Meanwhile,
almost four gel electrophoresis bands showed tirenlucts of the second primer-specific PCR had
both dsDNA and target ssDNA (Figure S3A, B anddel 3, 4, 9 and 10). Although not all four
bands in these lanes were clear, this might betaldlee low concentration of sSDNA produced by
PCR amplification and it could not detected by agargel. Since the mismatch base of T was
introduced at the reciprocal 2nd or 3rd positionhat 3’ end of two groups of primers respectively,
thus it was inferred that base mismatch of T/T daitongly influence the binding of the primer to
the template, whether it occurred at the recipré&ad or 3rd position of the 3" end of primer.
Therefore, the amplification efficiency of PCR wgeeatly reduced, and sufficient single-strand
DNA was formed in PCR products. However, it was tie ideal result we wanted, and it was

impossible to distinguish the SNP types when bafk fiad obvious red bands or without obvious
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red bands.

FP-6 and FP-SNP-6, FP-7 and FP-SNP-7 primers shakfiedent results for the three SNP
samples. For the homozygous wild-type (A/A) samplles TZs of the amplification products from
FP-SNP-6 and FP-SNP-7 primers had obvious red b@igdsre 5A), the color of the AUNP-DNA
probe also turned blue-violet; while the TZs of gep biosensors for FP-6 and FP-7 primers had no
visible red bands, and the color of AUNP-DNA pradmution remained unchange (Figure 5A).
Moreover, gel electrophoresis showed FP-SNP-6 d«6IRP-7 primers produced target ssDNA
(Figure S3A, lane 12 and 14), however, FP-6 and BRmers did not produce target ssDNA (Figure
S3A, lane 11 and 13). For the homozygous mutanG)Gample, the detection result of strip
biosensor was opposite. TZs of FP-6 and FP-7 psrhad clear red bands, and AUNP-DNA probe
turned blue-violet (Figure 5B), and the product$Bt6 and FP-7 primers had target ssDNA (Figure
S3B, lane 11 and 13), however, the TZs of FP-SN#b FP-SNP-7 primers had no visible bands,
and the color of AUNP-DNA probe did not change (ffgg5B). Gel electrophoresis also showed
FP-SNP-6 and FP-SNP-7 primers did not produce tageNA (Figure S3B, lane 12 and 14). For
heterozygous mutant (A/G) samples, four TZs of F&@ FP-SNP-6, FP-7 and FP-SNP-7 primers
did not appear red bands, and the color of AuUNP-Oi¥ébe remained unchange (Figure 5C). Gel
electrophoresis showed these primers also did romtuge target ssDNA (Figure S3C, lane 11-14).
Therefore, the following conclusion was drawn: seeond G or C base mismatch was introduced at
the reciprocal 3rd position of 3’ end of primerli§t reciprocal position at the 3’ end had been
mismatched, the primer would be difficult to birgettemplate, resulting in significant reduction in
the efficiency of PCR amplification. Efficiency ®fCR amplification was not affected when the

reciprocal 1st position of the 3’ end of primer wamnpletely complementary to the corresponding
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position of template, and C/T or G/T mismatch be&méhe reciprocal 3rd position at 3’ end of the
primer and the template (Table 1). Therefore, F&a@ FP-SNP-6, FP-7 and FP-SNP-7 could
effectively distinguish three types of SNP (A/AG/G, A/G). For homozygous type (A/A and G/G)
samples, the band intensity difference between RRe6FP-SNP-6 primer was better than that of
FP-7 and FP-SNP-7 primer (Figure 5D), so FP-6 @«6RP-6 could distinguish SNP sample more
effectively, thus they were selected to detect SAiRple in following experiment.
Figureb.

3.6. Investigation of strip biosensor detection under different sample concentrations

In order to ensure the good amplification of twR€R for low concentration of sample, the
effect of different sample concentration on thé@sbiosensor detection was investigated. After the
first PCR amplification of gDNA samples at diffete8NP site with concentrations of 100, 50 and 10
ng, it was found that the concentrations of the R@#plified products of the three samples (A/A,
G/G, and A/G) were similar and the electrophordsads were single (Figure 6A). After
primer-specific PCR, it was found that for homozygavild-type (A/A) samples, the AUNP-DNA
probe turned blue-violet and the TZ of strip bicsanhad a clear red band (Figure 6B) caused by
target single-strand DNA of FP-SNP-6 primers ae¢hconcentrations, however, FP-6 primers did
not generate the target single-strand DNA, and th&s of strip biosensors had no visible color
(Figure 6B). For homozygous mutant (G/G) sampleR;6Fprimers at three concentrations all
produced the target single-strand DNA, the TZsmgb iosensors all had obvious bands (Figure 6C),
and the color of AUNP-DNA probe was blue-violet,ilP-SNP-6 primer did not produce target
single-strand DNA, so the AuUNP-DNA probe remainadhange and the TZs of strip biosensors had

no visible color (Figure 6C). For heterozygous mutgh/G) samples, the TZs of strip biosensors
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under the PCR products of FP-6 and FP-SNP-6 primietisree concentrations presented colorless
(Figure 6D). In summary, the primer-specific PCRpéfied with different concentration samples
achieved satisfactory effect, which was very pcattifor the extraction of samples with lower
concentration.
Figure®6.
3.7. Real samples detection
Based on the above results, twice PCR amplificadiod strip biosensor detection were performed
on 61 human blood samples, and the results wergoa@d with those of pyrosequencing (gold
standard method for SNP detection). The resultsveidhat there were 30 A/A site samples, 5 G/G
site samples and 26 A/G site samples among thebite(Ed), the results of typical No. 25, 31 and 59
samples were showed in Figure 7. The strip biogensould clearly determine the type of SNPs,
which were in good agreement with the sequencisgli® It was indicated that the strip biosensor
could effectively distinguish SNP sites as longhesquality of twice PCR were ensured. Therefore,
the colloidal gold nucleic acid strip biosensor @amed with primer-specific PCR had good
practicability and good market application prosgeciSNP sites detection.
Figure7?.

4. Conclusions

In summary, a cancer-related SNP site detectiomaodebhad been developed based on colloidal
gold nucleic acid strip biosensor combined withnyi-specific PCR. In brief, twice PCR were
adopted, the first PCR provided single templatehwitigh concentration for the following
primer-specific PCR, this twice PCR strategy coolotain the target DNA and reduced the

non-specific amplification greatly, based on tlth& visual detection of SNP on strip biosensor @oul
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be realized. In addition, mismatched base at 3’@dmatimer was introduced in primer-specific PCR,
and the PCR product (ssDNA or dsDNA) was first &ddy AuNP-DNA probe. This method could
remove the complicated post-treatment steps bedesegisual detection of SNP by loading the
product of twice PCR directly on the strip biosan3dne method was fast, simple, accurate, low-cost
and obtained satisfactory results for the deteabio6l human blood samples, importantly, it could
be extended to detect any other SNP sites easdybélfeve that this method was expected to have
great application potential in future medical diagjis.
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Figure 1.

Schematic diagram of colloidal gold niclacid strip biosensor combined with
primer-specific PCR for SNP detection. (A) All ssepf SNP sites detection. Genomic
DNA extracted from human whole blood was used ayplate for twice PCR. The 2nd
PCR was amplified in two tubes, dsDNA product coutd bind the AuUNP-DNA probe,
test zone (TZ) had no visible color, while singleaad DNA could bind AuNP-DNA
probe, so TZ had visible color. (B) SNP sites (ARG, G/G) in CYP1Al gene was
chosen as target model, SNP site sample was aetplfith primer-specific PCR in two
tubes, 3’ end of FP primer and FP-SNP primer wlg éomplementary to A site sample
and G site sample, respectively, dsDNA was formdeerwthe primer was fully
complementary to the template, however, singleagtr®BNA was formed when the
primer was mismatched with the template. SNP typs determined by observing the

TZ color of a pair of strip biosensors.

Figure 2. UV-visible absorption spectra of AUNP gafd AUNP-DNA probe (b). Inset: their photo (1)

Figure 3.

and gel electrophoresis (Il); agarose gel conceatral%,; electrophoresis condition: 90

V, 10 min.

Agarose gel electrophoresis of primees#jpe PCR products with different SNP site
samples at different annealing temperatures. agargsl concentration: 3%;

electrophoresis condition: 100 V, 40 min.

Figure 4. Agarose gel electrophoresis of the &R product at different annealing temperatures.

The agarose gel concentration and electrophoreauitton were same as Figure 2

Figure 5. Photo images of AUNP-DNA probe, stripskiosor and histogram of corresponding TZ
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peak area (D) of the primer-specific PCR produétg groups of primers using A/A site

(A), G/G site (B) and A/G site (C) samples

Figure 6. Agarose gel electrophoresis (A) of thstiPCR amplification products of 100, 50 and 10
ng A/A (lanes 1~3), G/G (lanes 4~6) and A/G (laiie®) site gDNA samples; photo
images of AuUNP-DNA probe, strip biosensor and Ilgsim of the corresponding TZ
peak area of the twice PCR products of FP-6 an&NP-6 primers using 100, 50 and 10
ng A/A (B), G/G (C) and A/G (D) site gDNA sampl@e agarose gel concentration and

electrophoresis condition were same as Figure 2

Figure 7. Three SNP types of actual samples om dirosensor detection and corresponding
pyrosequencing results (single peak: one allelepiopeak: two alleles; purple R: base

AIG).
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Table 1. Sequences of oligonucleotides used in the study.

Name Sequence (5™- 3’)
FP-L CTGCATTTGGAAGTGCTC
RP-L CTACCTGAACGGTTTCTCAC
FP-1 AACTCCCAGCGGGCAAT
FP-SNP-1 AACTCCCAGCGGGCAAC
FP-2 AACTCCCAGCGGGCATT
FP-SNP-2 AACTCCCAGCGGGCATC
FP-3 AACTCCCAGCGGGCAGT
FP-SNP-3 AACTCCCAGCGGGCAGC
FP-4 AACTCCCAGCGGGCACT
FP-SNP-4 AACTCCCAGCGGGCACC
FP-5 AACTCCCAGCGGGCTAT
FP-SNP-5 AACTCCCAGCGGGCTAC
FP-6 AACTCCCAGCGGGCCAT
FP-SNP-6 AACTCCCAGCGGGCCAC
FP-7 AACTCCCAGCGGGCGAT
FP-SNP-7 AACTCCCAGCGGGCGAC
RP CACCCCTGATGGTGCTATC

AUNP-DNA probe 1
AUNP-DNA probe 2

SH-GCCAAAGATAATCAC
SH-CTTCTCACTTAACAC

Biotin-DNA probe T CTTCTCACTTAACAC-Biatin
Biotin-DNA probe C Biotin-GTGATTATCTTTGGC

FP: Forward primer; RP: Reverse primer; single underline: the bases of FP-X and FP-SNP-X were
matched with A/A site and G/G site, respectively; double underline: mismatched base
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SNP site detection is achieved based on strip biosensor and

primer-specific PCR

Twice PCRs are introduced to reduce non-specific amplification

greatly

The detection of CYP1A1 gene SNP siteisvisible within 10min using

strip biosensor

The results of 59 human blood samples by this method are identical

with sequencing

This method can be applied to the detection of any other SNP site
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