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Sample Extraction
preparation Process

PCRZAI 29 A|7t: 398

Diagnosis
Process

Data Analysis

sample collection 24|
H[ Q1% swab/ &

KingFisher Prep
[Applied Biosystem]
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Cycle
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FilmArray Multi-well real-time PCR

Adenovirus Influenza A

Coronavirus NL63

RSV
Influenza A H1 2009

Enterovirus Rhinovirus
Parainfluenza 4

Coronavirus HKU1 Influenza B

Metapneumovirus

16.



] Korea Institute of
KS

Science and Technology

2A2|%8 PCR

; : . Scientific Reports 2016
Primer Incorporated Network(PIN) & Thermo-responsive nanocarrier e s e e s 20
PCR prilmer zan r;ot be PCR primer are released out _-é-_%&_! ol PCR PLoS ONE 2018

released ou =
oI F A} TMEO| H|E0| HIS OfX|5H0] MEHA =0 Sensors ar_1d Af:tuators B 2018
Molten capsule Biochip Journal 2019
(Sol) e, Advanced Healthcare Materials 2020

Biosensors and Bioelectronics 2020
Scientific reports 2021
S ACS AMI 2021

Target RNA :

» _ Ay Ban YRLO| B3N T4 Y IE HE
cDNA synthesis Amplicon synthesis

dototA H3 0| 22X PCREZ|EM HHUSE M=
it 01 = = =
....................... o0l st 32 E, S EIEYS H O
Reverse Transcription Polymerase Chain Reaction
(TRT < Tcritical) (TPCR > Tcritical)

\é

R = | 5 .

— 40% PEG600

20% PEG700DA
35% 1X PBS Buffer (acridite-DNA)
5% Darocur 1173
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PCR in PIN
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Master mix solution
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Lo

Positive Coronavirus Coronavirus Coronavirus Influenza Influenza
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Application |

DNA: Z2t2|o} 2/ HEXl=

Blood Sample Test

10 10
AQ Ag .
B-actin | PAN | RPf| Pm | Po | Pv RESULT
Sample 1 (2% X X X X X Normal person
O O @) .
Sample 2 26) 23) X X X o7 P, v patient
@) @) @) .
| Sample 3 37) 2 | s X X X P, fpatient
O O Cultured fluid
30 — Sample 4 X ca | o6 X X X of P f
25 Negative X X X X X X i
Control
20 & 2 B acCur primer_so7 = P. v particle
% ' o —— Empty hydrogel § —— Beta actin particle
= & £ o6f § osf
O 15 F - ® TE
Slope: -3.52 ol - g oar § 04l
PCR Efficiency: 92.35% . % 02l =l
i
10(‘)00 100‘000 100(‘)000 1IIE7 1|I58 1II59 1EI1O 0.0 0.0
Ol =Z} 2010 . . . . . . . .
“A”ESJJSIT :;‘.Hn cllF:.E 1—_rl|:'|' Copy Rumber of Template 0 10 20 30 40 50 0 10 20 30 401 9 50

Cycles Cycle Number



Science and Technology

K]S Korea Institute of

Application
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2vA4sE work flow Al

90
e Pe
100 { Pa 80 R
—~ - —Ab
= —_—Ab =
s Ec s 7 e
= 801—xkp z 60 Kp
5 3
a & 50
E 601 £
= e 40
g 2
g a0 g 304
2 € 204
] :
3 “ ™ 10
™
0 o1
T T T T T T T T T T T T T T
o 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Cycle Number Lyeelumben
D t t. . d
Pc = Pc
N ;: 5 Pa
S so{— 5 —Ab
3 —Ec a3 Y1—-=ko
—Kp 8
= .. 36 Kp
4 k]
£ ol 2 30
= £ 25
g 8 204
3 20 EIER
o i}
5 £ 10
© T s
ol [
o]
T T T T —— T 8 T . ; T T T
1] 5 10 15 20 25 30 35 40 o 5 10 15 20 25 30 35 40
Cycle Number Cycle Number
P. aeruginosa K. pneumoniae
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Application II

RNA/DNA: 2 87| Hjo|2{A 12F C}E rt-gPCR

Target B-
A B ADV55 | RSVA RSVB ACTIN
PIN
21/21 _ _ _ _
Inf A (100%) 1/23
16/20
N N Inf B - (80%) - - - -
Cycle 39 Cycle 39 \
! 31/31
ADVS55 - - (100%) - - -
10/10
RSVA 1/22 (100%) 2/10
Inf A
14/14
Sample TargetP'N InfA | InfB H1 H3 HS H7 H9 | ADV4 | ADV55 | RSVA | RSVB |covipis | B-Actin RSVE } B 1/24 } (100%) }
~ i - Total
PIN (Inf A sample) (Inf B sample) results Inf A P cont - - - - - 21/22
assay Inf B ) :’/1‘;_3 ) (95.4%)
+ 30 1 31 a =——
= = | W - - - - - -
- 0 31 31 | w236 H1
AT H3 - - -
Sensitivity e s
Sensitivity: | Specificity: ) _ ) _ )
= 100% 96.8% & s ; ; : ; ; H3
specificity A
H7 # 3 5 ® i i\es20.4 & s @ : 5 : i
Inf B H5 - - 2/24 - 3/10 -
S | H9 = § s 7 i i =246 - g i = i :
ample =
+ - Total ADV4 B ) ) ) ) B B bt 22.2 B B B B B H7 _ _ 3/21 _ _ _
PIN \ (Inf B sample) (Inf A sample) results ADVS5 ) i ) ) i ) i i = . i . .
assay A227
. 34 3 37 RSVA - g -1 - |- HO - - ; i ] ]
- 0 30 30 RSVB Ll
Sensitivity Sensitivity Specificity CcoviD19 = : 2 - z - 2 : - - - [ v.":24.9 ADV4 - - - - - -
8; 100% 91% 51 B-A
specifici -Actin = 3 : 2 = 2 3 2 z % 2 3 o B1.
il L14 covip - - - - - -
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No template control (NTC)
00}
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Cycle Number
—— gPCRNTC —— gqPCRNTC
—— One step RT-gPCR NTC —— One step RT-gPCR NTC
200 | p—
2>
B
C
o
£
<
S 100 |
3
5
2
[T
0+
1 1 1 1 1 1 1 1
0 10 20 30 40 10 20 30 40

Cycle Number
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Normalized Fluorescence Intensity

Normalized Fluorescence Intensity

TaqPIN

e [\ 3

= Alpha

== Alpha Dropout
Beta
Gamma

= Delta

2%t 0f2[0]

sod No Template Control - NCCP.43326 Original Viral RNA 84.6ng/ul N NCCP.43381 Alpha variant Viral RNA 42.0ng/ul
2 2
: | N : | Alph
NTC i« N gene a
604 £ £
@ @
5 5
504 S 064 S 064
o o
0 0
40 o <
S o4y S 04y
30+ w o
T T
o S o2 S o2
© ©
e £ £
104 S —— S oo S oo
0+— : ! " T : : T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Cycle number Cycle number Cycle number
10 NCCP.43382 Beta variant Viral RNA 85.4ng/ul 10 NCCP.43388 Gamma variant Viral RNA 49.9ng/ul 10 NCCP.43390 Delta variant Viral RNA 73.7ng/ul
| : ./Gamm \ |7.| Delt
) 0
0.8 Beta 5 0.8+ a a \ E 0.8 e a
c c
[ @
o Q
0.6 £ 064 < 064
o o
0 0
4 4
044 S 04 S 04
o o
3 3
0.2 N 02 N 02
[ ©
— \/>( £ E
004 S o0 =L S o0
T —— T T T — T T T T T T T T T

Cycle number

0 5 10 15 20 25 30 35 40
Cycle number
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mRNA: O|ZFA|20|A HEFH 2 20U

—=a )

— 1 T— 6 Circadian gene
» U o A
"’ S

Hair follicle cell

Cell lysis RNA extraction Multiplex
one-step RT-gPCR Snapshots
in PIN particles of circadian cycle
= = - C,value of 5 hair follicles at 7P.M 1) 11AM Shapshots (2) 3P.M Snapshots (3) 7P.M Snapshots
32 F C,value of a hair follicle
— — - C,value of 5 hair follicles at 7A.M _
L PN F-
30 |
28
[0}
=
o
> 26+
O [
24 -
22
20 1 | 1 1 1 1 1

PPIA NR1D2 ARNTL NPAS2 CRY1 NR1D1 CLOCK PER3
Circadian genes
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miRNA: O|ZFA| 20| M H2H 22

|
HU
El
e
o

control Spike-in

10. ——miR-93p
. | ——miR-219-5p
5 T ——miR-16-5p
® 08- —mir-132-5p
2> —— U6 snRNA
2 06 :
QO
E ]
X 0.4-
§ ]
Exosomal miRNA g 02
g 4 !
iC 0.0 '
0 5 4015 200 25 30 3 4

Cycle Number
U2 SLA=0| Oisto] 2 X AR 170 422 oM ofgh At

ﬁ Unﬁ
/p qPCR

S (2]
o o

Relative detection (%)

80 [

o

3.1%

0.36%

mature  mature+14bp pre-miRNA 24
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Advanced PIN

« Photothermal transition in PIN

mmm‘rr‘rm @ Annealing
(‘ & extension

(D Denaturation ;?
160 \ X \
@ Tv R rse
c — Photothermal PIN — = — -
Repeat ®~ @ W Before qPCR (BPIN) Denaturation Annealing / Extension
: 30~40 cycles

P
S

Light Thin Au film PTC

Nature: Light: Science & Applications (2015) 4, e280;
doi:10.1038/Isa.2015.53
NTC

» RNA capture & storage in complex matrix

Cycle 10 Cycle 20 Cycle 30 Cycle 40
84 sec 152 sec 227 sec 288 sec

« Single cell information transfer

« Rapid digital PCR

https://www.microanalsys.com/
ASSIST ¢S saHH
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Total RNA\)
. :Z: (Backglii‘;igosiﬁve) Background Positive
g 2502- @ l1:1 106
@ 10: 1 103
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§ 100 = 104 RGPl w = L e I 102
o f o @ Dl 1o sensitive
N: . . : . PINRT-gPCR| (® 104: 1 102

i Cycle number 2 6 .
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€ Conventional Qiagen Kit
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L) ]

Sample Lysis Binding Washing Elution

preparation

RT reaction mixture
RT enzyme, RT buffer, dNTPs, RI

8 uL

® @

Stool sample ® & Viral RNA="

€ RT enzyme
’. wrrrrViral RNA

! “asssss Acrydite RT primer

qPCR PreMix, forward primer,
reverse primer, TagMan probe

IqPCR reaction mixture

PIN-cDNA pool @

vine @ &Y PINSS Q‘( Released viral cDNA
SSS 555,
100°C/10 Min 42°C/10 Min Results at real-time, ~1hr 30 min
Viral Lysis RT depended RNA Capture
On site Laboratory
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S{AtS K3 A|AE

HE 7t

RNASE 2|5t UXE

O| 8¢l HIE YAt 7t
A MHE L 2ul

40
— PCR_QIAamp Kit
—— gPCR_PIN-cDNA
35+
QlAamp Kit
Amplification factor = 2.06
0 30 Efficiency = 106.47%
E R?= - 0.99964
<
o gPCR_PIN-cDNA
O 25 4 Amplification factor = 1.91
Efficiency = 91.38%
R?= - 0.99961
20
y /Xi_O\ N
15 T T T T T T
4 -3 -2 -1 0

Log concentration

Virus-to-cDNA

Bk A|REA2)7)
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FIGURE 2

Human influenza A(H5N1) cases by age and outcome world
total, November 2003 - March 2009 (n=340)*
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*WHO data as of 23 March 2009, world total excluding cases in Egypt,
Nigeria, and Turkey [3].
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Blocking protein
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=== hefore enhancement

400

350 - == after enhancement (4 min)
300 -
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Avian Flu protein recognition probe library
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