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Abstract: Telomerase owns great application potential imgdosis, therapy,
prognosis and drug screening of cancers. Thus, the ultrasemsind point-of-care
detection of telomerase activity meets the clins@inands extremely. Here, a sensor
based on telomerase extends activators to unloek gbDNase activity of
CRISPR/Casl2a was created for the first time tealehe telomerase activity. Based
on the fluorescence or CRISPR/Casl2a-based ldfileral assay, we achieve the
ultrasensitive and point-of-care detection of tetoase activity in MCF-7 cells low to
57 cells-mC* and 5.7x18 cells-mL* in about one hour, respectively. Besides, the
detection of telomerase activity in different syiybreast cancer cells indicates that
the proposed sensor possesses potential in thsificiagon of breast cancer cell
subtypes.

Keywords: Telomerase; breast cancer cells; CRSPR/Cas1itd:qdecare testing
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1. Introduction

Cancer is one of the serious public health problevh&ch seriously endanger
people’s physical and mental health worldwide Btludies show that the cure rate of
early cancer treatment is significantly higher ththat of advanced cancer [2,3].
Therefore, the early diagnosis of cancer is of gsemificance to the prevention and
treatment of cancer. In early cancer screening;eramarkers are important indicators
for early cancer diagnosis. The cancer markersspeeific substances produced by
different types of cancer at different times [4méng which, telomerase has received
much attention on account of its relationship viitmorigenesis [5-7]. Telomerase is
a special reverse transcriptase composed of pratelrRNA, and is directly related to
the synthesis of telomere at the end of chromosameskaryotic cells [8]. Telomere
terminal (TTAGGG) sequence can maintain the length and stabilittheftelomere
during cell division [9]. The length of normal soticacells telomere is gradually
shortened with the division of the cell, while ttedomerase activity is enhanced to
maintain the length of the telomere without sharign resulting that the cells
permanently proliferate and become cancerous []0-IRis indicates that the
telomerase activity is closely related to cell imtabty and cell carcinogenesis. Since
the content of telomerase in normal cells is low &@ns easily degraded in vitro, the
ultrasensitive and point-of-care determination efoinerase activity owns great
clinical significance.

PCR-based telomere repeats amplification proto€®AP) is an authoritative

method for the evaluation of telomerase activitg][IMeanwhile, its disadvantages

3
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also are protruding, such as false results and dmection time. To overcome these
defects, various methods have been establishetlyding colorimetric [14-16],
fluorescence [17-20], electrochemistry [21-23], asml on. However, the major
disadvantages of those sensors are complicateckatreent, the need of instruments
and modification of nanoprobes, which are diffidaltapply for point-of-care testing
(POCT). Up to date, a few POCT have been develdpesi/aluate the telomerase
activity. For example, Zhu used a handheld luminemi detect telomerase activity,
which achieved a detect limit low to 9 Hela cefisa linear range from 10 to 1000
cells [24]. But the modification process betweemmper and magnetic beads is
time-consuming and complicated. The whole inspagbimcess is more than 2 hours.
Wang reported a colorimetric approach through hgenoperoxide test strip. This
visual strategy realized a low detect limit of 16llseuL™ [25]. Regrettably, this
method has the disadvantages of time-consumingowadetection range, low
detection sensitivity, and complicated operationcpss. Since telomerase is easily
inactivated and low in content, it is still necagséo establish ultrasensitive and
point-of-care method to detect telomerase activity.

CRISPR/Casl2a has been demonstrated to own a roifisp SSDNA
trans-cleavage after it specifically recognizestéiget [26]. So when non-specific
ssDNA is replaced by labelled ssDNA reporters, GHRB8Cas12a system shows great
potential in development of sensors. Up to now, &fR/Casl2a systems as novel
biosensor platforms have become a research hoRpogntly, Yin reported a DAMR

(dynamic aqueous multiphase reaction) system. Base@D-printed microfluidic
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device, this study realized multiplex determinatadrHPV16/18 within 1 h [27]. Dai
proposed a CRISPR-Casl2a based electrochemicatnisims (E-CRISPR), which
achieved picomolar sensitivity for viral nucleidéddetection [28]. Wang developed a
microRNA sensing platform, which combined rollingcte transcription (RCT) and
CRISPR-Casl2a. As reported, this method could tetexoRNA in attomolar level
[29]. Besides, other biomolecules, including baatgB0], proteins [31,32], and
chemicals [33], have already been detected extelysiwsing the CRISPR-based
system. All these reports show the CRISPR/Casl&gmsyowns huge potential in
biosensors due to its high specificity and sengjtiihe telomerase mentioned above
are closely related to the changes of nucleic anidsganisms. Furthermore, the final
recognition unit of the CRISPR/Cas12a is also naaeid. This provides us a new
idea for utilizing the CRISPR/Casl12a to detecttéh@merase activity.

Here, we make full advantage of the telomerasegrtppvhich can add the unit
of 5-TTAGGG-3'to the 3' ends of DNA fragments repeatedly and dbBNase
activity of the CRISPR/Cas12a to establish an séngitive and naked eye sensor. In
the presence of telomerase, the primers are canistyl extended to generate
multiple activation regions which can initiate thesDNase activity of the
CRISPR/Cas12a. Sensor that relies on fluorescamt€RISPR/Cas12a-based lateral
flow assay has achieved ideal detection resultsemumgbtimized conditions. The
sensor we proposed can simply achieve the ultrasenand point-of care detection

of telomerase activity in breast cancer cells witlonhe hour. We think it owns
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practical significance in telomerase activity détat and is enlightening for other
enzymes activity detection.
2. Materials and methods
2.1 Materials and instrumentations

All nucleic acid sequences adopted in this textewsrmpplied by Sangon Biotech
(Shanghai, China) and purified by HPLC. The dethilformation is displayed in
Table 1. The MiRcute miRNA Isolation Kit (DP501) umght from TIANGEN
Biotechnology Co., Ltd (Beijing, China) was usetoify the synthetic crRNA. The
mixture of deoxy-ribonucleoside triphosphate (dN)TRas purchased from Sangon
Biotech (Shanghai, China). The mixturerifonucleoside triphosphate (rNTPs), T7
Mix, DNase I, RNase inhibitors, phi 29 DNA polymsea(phi 29), T4 Polynucleotide
Kinase (T4 PNK), Uracil-DNA Glycocasylase (UDG) aCas12a were ordered by
New England Biotechnology Co., Ltd (Beijing, Chin@HAPS lysis buffer (1 mM
MgCl,, 10 mM  Tris-HCI, 5 mM mercaptoethanol, 1 mM etmdbis
(oxyethylenenitrilo) tetraacetic acid, 0.5% 3-[(8atamidopropyl) dimethylammonio]
propanesulfonate, 0.1 mM phenylmethanesulfonylritley 10% glycerol, pH=7.5)
was prepared by Shanghai Qincheng Biotechnology Cwl.. HCC38, MCF-7,
SUM-159 and MDA-MB-231 cells were offered by ChoimggiCancer Institute and
Hospital (Chongqing, China). 1xTelomerase reachaffer (63 mM KCI, 1.5 mM
MgCl,, 20 mM Tris-HCI, 0.005% Tween-20, 0.1 mg/mL BSANM ethylene glycol
tetraacetic acid (EGTA), pH=8.3@25°C) were preparedur laboratory. Test strip

for CRISPR-Casl2a-based lateral flow assay wasHidogm HybriDetect. Human
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Telomerase Reverse Transcriptase ELISA Kit was bbfrgm Lanji Biotechnology
Co., (Shanghai, China). LS-55 spectrophoto fluoteméP. E. USA) was used to
record the fluorescence spectrum of the systentibykting the system at 490 nm
from 400 nm to 700 nm and receiving the signals& Bm. During the measurement,
the slit-widths of emission and excitation speetexe selected as 10 nm and 12 nm,
respectively.

Table 1 Nucleic acid sequences adopted in this text.

Oligo names Sequences (5'-3)

crRNA-template TTA GGG TTA GGG TTA GGG TTA GGG ATTAC ACT
TAG TAG AAA TTA CCC TAT AGT GAG TCG TAT TAA
TTTC

T7 promoter GAA ATT AAT ACG ACT CAC TAT AGG G

Telomerase primer GGA TCA ACT GC

SSDNA reporter HEX-TAT TAT T-BHQ1

FAM/Bio reporter 6-FAM-TTA TTA TT-Biotin

2.2 Synthesis of the crRNA

First, 20uL of mixture contained 1@L RNase-free water, 10M T7 promoter,
and 10uM crRNA-template were mixed in 2QQ PCR tubule. Then the mixture was
kept at 95°C for 5 minutes to anneal. After thag mixture was cooled to 25°C
slowly and maintained for 20 minutes to fully combithe T7 promoter with the
crRNA-template. Subsequently, 1;& of T7 polymerase and 10L of 100 mM
rNTPs were added. The ultimate system was inculat8d°C for overnight to obtain
abundant crRNA. Then 8L of DNase | buffer and gL of DNase | were added into
the system to digest the ssDNA/dsDNA for 60 mirB&tC. The obtained crRNA
were purified using miRcute miRNA Isolation Kit astbred at -20°C for later use.

NanoDrop 2000C was used to measure the concemtraticrRNA. The wide and
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bright strip showed in Fig. S1 illustrates the sssful synthesis of crRNA.
2.3 Cell culture and telomerase extraction

Dulbecco's Modified Eagle's medium (DMEM, Hyclon®PMI-1640 medium
(SIGMA), and Dulbecco's Modified Eagle's medium/h&rnt Mixture F-12 Ham
(SIGMA) were utilized to culture MCF-7 cells, HCC3glls, and SUM-159 and
MDA-MB-231 cells, respectively. All mediums contaih penicillin (100 U-mt),
fetal bovine serum (10%), and streptomycin (100 U*nThe cells were cultivated
in a thermostat containing 5% g@t 37°C. About 1 mL of exponential growth cells
were transferred into a 1.5 mL EP tube and coltetteough centrifugation at 5000
rpm for 5 min at 4°C. Then, 1XxPBS was used to wals twice at 5000 rpm for 5
min at 4°C. Next, the cells were mixed with 200 of ice-cold CHAPS lysis buffer.
The process of lysing cells was reacted on ice mtB0 min. Finally, the cell lysis
products were centrifuged at 12000 rpm for 20 min43C and the obtained
supernatant was used for the subsequent telomexéseded reaction. The obtained
cell extracts were frozen in -80°C for standby aation.
2.4 Detection of telomerase activity

Extension of telomerase and cracking of singlerskr®BNA (ssDNA) reporter
was conducted in a one-pot reaction. Fig. 1 ilatss the flow chart of this sensor.
Specifically, 2uL of cell extracts were incubated with 20 of mixture which
contained 1xtelomerase reaction buffer, 500 nM erjrB00uM dNTP Mix, 100 nM
Casl2a, 100 nM crRNA, 500 nM ssDNA reporter andN MgSO,. Subsequently,

the mixture was cultivated at 37°C for 1 h. Thea slgstem was adjusted to 100by
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160 double distilled water (ddD). The fluorescence signal was measured on a LS-55
161  spectrophoto fluorometer with an excitation wavgtén of 490 nm. For the
162 CRISPR/Casl2a-based lateral flow assay, the ssD&pdrter was replaced by
163  single-stranded DNA modified with 6-carboxy-fluocegn (FAM) on its 3' tail and
164  biotin on its 5' tail. After reacting in the samesfor 60 minutes, the sample pad of
165 the test strip was immersed into the mixture ancllyated for 2 min at room

166  temperature. The final result is observed withrtaked eye.

.............................................................................................

Extension of telomerase and cracking of single-strand DNA ~ @~@ N l/
(ssDNA) reporter in a one-pot reaction 1 : /

] &

@ BHQ1 .HEXE fluorescences,

/4

:
:
: cell extracts

-
crRNA h X
3'AATCCCAATCCCAATCCCAATCCH 3

OOOOERET Jeam
— 5'~—TTAGGGTTAGGGTTAGGGTTAGGGITAG...

Cas12a
60 min 2 min
167 Fig.1. The flow chart of the sensor.
168 2.5 Gel electrophoresis
169 2.5% agarose gel was used to verify the synthésieRINA. It was implemented

170 in 1XTBE buffer at 130 V for 50 min. 15% of polyslamide gel electrophoresis
171 (PAGE) was used to observe the experimental regpomsre intuitively. It was
172  executed in 1xTBE buffer at 130 V for 60 min. Thel as stained using SYBR
173  Green | and observed on An Azure Biosystems C1=A)U

174 3. Results and discussions
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3.1 Principle of the detection

The schematic diagram of the fluorescence strategpown in Scheme 1A. In
the presence of telomerase, the sequéhtd@AGGG-3is added to the 3' ends of the
DNA fragments continuously, generating DNA tailsigfhcontain multiple repeated
sequences. Ingeniously, we designed the recogniggion of crRNA to pair four
5-TTAGGG-3'sequences. Therefore, the generated repeated seguean act as
activators to recruit multiple Casl12a/crRNA systend activate their trans-cleavage
activity, cleaving the ssDNA reporter indiscrimielt and realizing signal
amplification. Thus a rapid and efficient multigenplification method is realized to
ultra-sensitively test the telomerase activity. Btwrer, to achieve the point-of-care
and naked eye detection of the telomerase activitg established a
CRISPR/Casl2a-based lateral flow assay under gmdnconditions. The principle
of detection is illustrated in Scheme 1B. In thesaaire of a target, the ssDNase
activity of CRISPR/Casl12a will not be activated.efiéfore, the FAM/Bio reporter
modified with FAM and biotin at both ends will nbé cleaved. The control line and
sample line of the test strip are fixed with stesdin and antibody capture,
respectively. When complete FAM/Bio reporter flothsough the gold-NP anti-FAM
antibody region with the buffer, the FAM on the FABib reporter can be integrated
by gold-NP anti-FAM antibody, forming the conjugabé FAM/Bio reporter and
gold-NP anti-FAM antibody. But when this conjugatentinues to flow through the
control line with the buffer, the streptavidin dretcontrol line can specifically bind to

the biotin at the other end of the FAM/BIio repartausing it cannot flow through the

10



197  sample line on the test strip. The final resulpldiged is that only a red band appears
198  at control line on the test strip. But when thera itarget, the ssDNase activity of the
199 CRISPR/Casl2a system can be activated, leadinigeté-AM/Bio reporters are cut.
200 The cleaved FAM/Bio reporters will produce two ss®MWith FAM and biotin
201  respectively. The ssDNA with FAM then combine wgbld-NP anti-FAM antibody
202 and swim to the sample line and captured by théauhy capture here. The final
203 result displayed is that two red band appearseatdimtrol line and sample line on the

204  test strip.

Y n/ :
cells 3 AATCCCAATCCCAATCCCAATCCC 5
. 5-—-TTAGGGTTAGGGTTAGGGTTAGGGTTAG

telomerase

/

_____ gold-NP
___________ samp()jle anti-FAM Streptavidin antibody  absorption

antibody e captureline  pad

® FAM

o biotin
gold-NP
anti-FAM
antibody

= strepavidin

S MICCAMCSANTGEARIE
5~—TTAGGGTTAGGGTTAGGGTTAGGGT!

antibody
T capture

positive test

205 Scheme 1Flow chart of telomerase activity detection.
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3.2 Feasibility of the sensor

To verify the feasibility of the proposed sensbeg tell extracts was added to the
positive group and the negative group was not addegrove that the experimental
effect was caused by enzymes, we did an essayagtivated positive group which
the cell extracts was inactivated at 95°C for 5utes. As displayed in Fig. 2A, the
fluorescence strength of the positive group is obsiy higher than negative group
and inactivated positive group, proving that theNdA reporter only is sheared in the
presence of telomerase. The system is almost enégrée-free in theory due to the
activation sequence do not exist originally. Taitively reveal that the primer indeed
extends the repeat-TTAGGG-3'sequence in the presence of cell extracts, a 15% of
PAGE was done. As illustrated in Fig. 2B, the cohgyroup only appears the band of
primer (lane 3), while the experimental group appdhe bands represented larger
molecular weight DNA bands (lane 2). All these fesindicate that it is feasible to

use this strategy to detect the telomerase activity

(A) 600 (B) primer + + +
telomerase- + -
positive M1 2 3
inactivated positive S T F %
negative C_?D
~400 -
5 150 bp extended
s 100 bp- products
= 50 bp -+
w
2004 25 bp
0 . : : 11 bp
560 600 640 primer

Wavelength (nm)

Fig.2. Feasibility of the proposed sensor. (A) threscence spectrum of positive,

12



221 inactivated positive, and negative group (the aroficell extracts is 5.7x£0

222  cells/mL); (B) the electropherogram of 15% PAGE (Marker; lane 1: primer; lane 2:
223 experimental group; lane 3: control group).

224 3.3 Analysis of the telomerase activity

225 Before detecting telomerase activity in differennhcentrations of cell extracts,
226  the amplification time which affects the system mhaiwas optimized. As seen in
227  Fig.S2, the net difference of the fluorescencensity (AF) between the positive and
228 negative samples increases with the amplificatiome tincreases. However, the
229 amplitude of the increase is significantly reducdter it is greater than 60 min,
230 indicating that the activity of telomerase begmsiécrease, and some ssDNA reporter
231  cracked non-specifically and generate interferesigaals from then on. To further
232 study the analytical performance of the proposedsae in telomerase activity
233 detection, the different concentrations of cell regts was investigated via
234 CRISPR/Casl2a based fluorescence assay. As itedtia Fig.3A, the fluorescence
235 strength of the system at 556 nm reduces as theentmtion of MCF-7 cells
236 decreases. The more telomerasisted, the stronger recorded fluorescence irtiensi
237 It is shown that thes\F owns a good linear relationship with the numbeM&F-7
238  cells from 57 to 5.7xT0cells-mL*. The linear regression equation between Afe
239 and the logarithmic value of the concentrations M™MCF-7 cells is
240 Y=128.43IgX-199.52 (R=0.98041), where Y represents the net differencehef
241  fluorescence intensityzF) between the positive and negative samples umdertain

242  amount of MCF-7 cells, X represents the number &RW cells (Fig.3B). The actual

13



243
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251

252

limit of detection (LOD) is estimated at about 5lls mL*. These results indicate
that the CRISPR/Casl2a based approach have amralitey sensitivity and very
little fluorescent background interference. Comgangth other telomerase activity
sensors, our method shows a wider detection randadeal actual LOD in a short
time (Table 2). Besides, we integrate the extensidelomerase and the fluorescence
assay based on the ssDNase of the CRISPR/Casti?e ipot, which simplifies the
procedure and shortens the testing time. Withrteshod, we can detect the activity

of telomerase in MCF-7 cells as low as 57 cells*rinLone hour.

800
—— 5.7x10° cells/mL 1
—— 5.7x10* cells/mL 6001 1
600 - ——5.7x10° cells/mL
5.7x102 cells/mL
3 ——57<10" cellsiml. | 2 400 000
8 400 \ ——5.7x10° cells/mL 1.“; o 400
- ——0 cells/mL — o
L T
200 - 0
200 2 4 6
IgX
S~
0 T T 0+ y : Y
560 600 640 0 20?\1000b ;lOOI(:OO 600000
Wavelength (nm) umber ot cells
(A) (B)
Control Sample Sample
line line line |
| | |
- |
% + 7‘*l —— N Control | ‘ ,
3 "ne — _‘ ~‘ | coa—," o——
@ | |
© | |
2] |
®
- ‘ 5.7e5 5.7e4 5.7e3 5.7e2 5.7e1 0
Concentration of cells (cell/mL)
(©) (D)

Fig.3. Analysis for telomerase activity in various amguof MCF-7 cells. (A) is the

corresponding fluorescence spectrum at various ate@i MCF-7 cells; (B) is the

14



253  fluorescence intensity of the system at 556 nmaimous amounts of MCF-7 cells and
254 related data simulation (illustration); (C) is thesay of the CRISPR/Casl12a-based
255 lateral flow assay; (D) is the corresponding CRISBP&R12a-based lateral flow assay
256 under different concentrations of MCF-7 cells.

257 Table 2 Comparison of this sensor with other methods iredetg telomerase

258  activity.
Methods Detection range Actual detection limit Time Ref.
Electrochemistry ~ 5x1%01.62x10 cells- mL* 5x1C cells- mL* >1.5h [34]
2x10-2x1F cells-mL* 2x10 cells- mL* >3 h [35]
1x10*-1.04x10 cells-mL* 1x1C cells- mL* 1h [36]
Colorimetry 1-50 cellspL™? 1 cellspL™? - [37]
20-500 cells 20 cells 70 min [15]
100-16 cells- mL* 100 cells-mr* 80 min [38]
10-500 cellgaL™* 10 cellspL™ >3 h [39]
Eluorescence 5-1000 cells 5 cells >3 h [40]
6-2000 cells 6 cells >4 h [41]
3-400 cells 3 cells 1lh [42]
1-100 cells 1 cells >3 h [43]
10-1200 cells 10 cells 150 min [44]
100-5x10 cells 100 cells 3h [45]
100-2000 cells- mt 100 cells- m* >4 h [46]
2-4000 cells- mtt 13 cells-mc* >1h [47]
57-5.7x18 cells- mL* 57 cells-mr* 1h This work
259 To achieve the point-of-care and naked eye detectidhe telomerase activity in

260 MCF-7 cells, we established a CRISPR/Casl2a-bastedal flow assay under the
261 optimized conditions. The cell extracts of MCF-7 swaliluted to different
262 concentrations (5.7x%p 5.7x1d, 5.7x18, 5.7x1G, 5.7x10 cells-mt). The
263  following procedure is similar to the above, exctyzt the radical group of sSSDNA
264  reporter is replaced by FAM and biotin at both erAlter the reaction, the system

265 was diluted to 10QL with attached buffer. Then the strip was inserd@éctly into

15
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282

the solution and incubated for two minutes. As shmaw Fig. 3C, the reporter is
clipped in the presence of positive sample andafmoas band appears at the sample
line. However, the same phenomenon is not obsdarveegative samples. The strip
assay of cell extracts of different concentratiohd/CF-7 is shown in Fig. 3D. We
can see that the naked eye determination of thenelase activity in MCF-7 cells can
reach to 5.7x1%0cells- mL™*. At present, other point-of-care and naked eyaesgies to
detect telomerase require 2 hours at least (tapld8@® our sensor can detect the
telomerase activity in MCF-7 cells low to 5.7%ld®lls-mL* in about one hour. This
scheme provides a simpler and more direct deteatiethod for the telomerase
activity determination in breast cancer cells.

Table 3Comparison of this sensor with other POCT in datgdelomerase activity.

Readout Detection range Actual detection limit Time Ref.
ATP meter 25-2500 cells 25 cells 1h [48]
paper 10-500 cells 10 cells >4 h [49]
luminometer 10-1000 cells 10 cells >4 h [24]
H,0, test strip 200-5000 cells 10 cells* >3 h [25]
pressure meter 1-1000 cells 1 cell >1.5h [50]
glucometer 10-10000 cells 10 cells 5h [51]
lateral flow assay 5.7x1%5.7x10C cells- mL* 5.7x16 cells- mL* 1h This
work

3.4 Selectivity of the sensor

To further evaluate the selectivity of this sengti29 (0.5 UpL™), T4 PNK (0.5
U-uL™), and UDG (0.5 WiL™) was used (Fig.4A). The fluorescence intensitgeif
extracts (5.7x1Dcells-mL?Y) is significantly stronger than that of other gosu In
addition, compared with blank, the fluorescencensity of phi29, T4 PNK, and

UDG are not significant. This phenomenon indicéled the background interference
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292
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294

295

296

297

of this sensor is very weak and has excellent Beligc The corresponding
CRISPR/Casl2a-based lateral flow assay also shaolysim the presence of cell
extracts has a band appear on the sample line entett strip (Fig.4B). The
CRISPR/Casl2a system inherently possesses excedigetificity due to its
trans-cleavage activity only be activated signifittya when the recognition region of
the target single-stranded DNA reaches more thapplér the double-stranded DNA
contains PAM sites and recognition regions [26]rd;i¢he recognition sequence for
the crRNA we designed does not exist in the systetially. So the ssDNase of the

CRISPR/Casl2a system can't be activated. Thusadded ssDNA reporter will not

be incised.
400
Sample _
line
300 -
El
©
:200 Control
w line —
100
. = .
0- : oL T = 5 7
Tel phi29 T4 PNK UDG Blank = N E ® =
Different kinds of enzymes P
(A) (B)

Fig.4. Selectivity of the sensor. (A) is the fluoresceiased experiments (lllustration:
the image of the target and interferences undem8®#uorescence irradiation); (B)
is the lateral flow-based experiments.

3.5 Determination of the telomerase activity in sulype of breast cancer cells and

normal human serum
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Telomerase activity is closely related to cell inmtabity and canceration. Studies
have shown that telomerase is overexpressed irstbcaacer, but has no expression
or low activity in benign lesions and normal tiss{&2,53]. Yashima showed that the
expression rates of telomerase activity in fibraemhea, preinvasive carcinoma and
invasive breast cancer were 67%, 92%, and 94%,.ecésply. Telomerase has
different activities in different degrees of difatiation and pathological types [54].
Thus, the determination of telomerase activity ubtgpe of breast cancer cells can
promote the understanding of the growth, divisionl anetastatic ability of breast
cancer. Simultaneously, the different telomeradevigc may be used as one of the
index for breast cancer cell typing. To extenddpgplication of the proposed method,
telomerase activity of subtype of breast carcinarabls (HCC38, MDA-MB-231,
SUM-159, and MCF-7) were detected. Each subtypasbiancer cells was diluted to
the same concentration. As illustrated in Fig. 8erent subtype breast cancer cells
own different telomerase activity but all signifitly different from the blank group.
The activity of telomerase in subtype is ranked as:
MCF-7>MDA-MB-231>SUM-159>HCC38. We can see that tamerase activity
of MCF-7 is significantly different from the HCC3hd SUM-159. The telomerase
activity of MDA-MB-231 is also significantly diffemt from the HCC38 and
SUM-159. And the telomerase activity of HCC38 ahtiMB159 is obvious difference.
To verify our conclusions, we used Human TelomeReeerse Transcriptase ELISA
Kit on the market to detect the telomerase actiuitydifferent subtypes of breast

cancer cells at the same concentration. The expatinvas performed according to
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320 the operating instructions attached to the kit. Tésult is shown in Fig. 5B. The
321 results are consistent with the results of our psed sensor. Those results indicate
322 that the established way may own a potential inctassification of breast cancer cell
323  subtypes. To further verify that the sensor camnided for the detection of telomerase
324  activity in complex substrates, we did spiked ekpents in normal human serum.
325 The results are shown in Table 4. The recoverysrafethe spiked experiments are
326 between 94.7% and 109.2%, indicating that the sewsam be used to detect

327 telomerase activity in complex substrates.

(A) 800 (B) 3.0
2.5 | kel Hekk
600 4 ——
3 920 -
£ 400 - K —$
: Z1s -
200 4
1.0
——
0 T T - '<b S 0.5 T X T 3 5
N AR SN N ¥ X
328 Breast cancer cells of different subtypes Breast cancer cells of different subtypes

329 Fig.5. Detection of telomerase activity in subtype afdst cancer cells by proposed

330 sensor (A) and Human Telomerase Reverse TranssgijhlSA Kit (B).

331 Table 4The detection of added telomerase activity in ndfmiaan serum using the
332  proposed sensor

Target added (number of Detected results (number of Recovery (%)
MCF-7 cells) MCF-7 cells)
0 - -
100 109.2 109.2
400 378.6 94.7
4000 4327.2 108.2

333 4 Conclusions

334 In summary, this work established a sensor to-skyasitively and visually detect
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356

telomerase activity. In the presence of telomerése,primer can be extended to
generate a tail containing unlimité&d TTAGGG-3'units in a short time. While the
continuous repeating-TTAGGG-3'sequence can play the role of multiple activators
to switch on the ssDNase activity of the CRISPRARassystem. Due to the
extremely efficiency of the enzymes, the primens ba extended multiple activation
regions to achieve the first rapid amplificationtle¢ signal. In addition, the activated
CRISPR/Casl2a system essentially with signal aroalibn since it can quickly cut
the single-stranded cleavage reporters indiscriteipa Thus the two-step signal
amplification is realizedBesides, we integrated the extension of telomeaasethe
activation of the ssDNase of the CRISPR/Casl12anm mot, which simplifies the
procedure and shortens the testing time. Based hmn ftuorescence and
CRISPR/Casl2a-based lateral flow assay, we achibee ultra-sensitive and
point-of-care detection of telomerase activity iiCF7 cells low to 57 cells-mtand
5.7x1G cells-mL*, respectively. Compared with other methods foorterase
activity detection, our method owns the advantagfeBme-saving, high sensitivity
and simplicity. Finally, we used this sensor toedetelomerase activity in subtype of
breast carcinoma cells. The results indicate thatproposed method may possess
great potential in the classification of breastoayma cells.
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1. Introducing the CRISPR/Cas12a system into tloenerase activity detection.
2. Establishing an ultrasensitive and naked eyesaeffior telomerase activity

detection.
3. Achieving the ultrasensitive detection of teloase activity low to 57 cells-miL

based on fluorescence assay.
4. Achieving the naked eye detection of telomerasetivity based on

CRISPR/Casl2a-based lateral flow assay.
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