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B E: (¥ FFLHATE (Proteus mirabilis) & —F EE WK R, Bl RALDMAL.
B AT4TaT iz e b M B AR R A B2, XA RT M WA A% T kK, [
#9 ) K F R FE & 18 [a 5 7] s ¥ 2 5 (protospacer adjacent motif, PAM) /& 7| k%%, MK T T 08 R &
B4 ¥% (recombinase polymerase amplification, RPA)#= CRISPR/Cas12a % 449 2 A4 -F &, F It
FREHMATE RN, [FE)] 4 FAEHATERTERZSEF RPA F# CRISPR/Casl2a
Rt —F ik F RN T 6. —F kT 6 £ 39 °)CE&M T R AT 2847 RPA 5 CRISPR/Casl2a R,
FEKER AT, AFETFENERE 39 °CEH FE4T RPA ¥, ¥ ARG ELTBRNF O
F CRISPR/Cas12a h Z # 2% &k, 284 £ 39 CCHRM T AT R VA F AR AT RALRE M,
WAE 2 AP R R R ATE e R BRA A L m A AR X BE AR, [4R] &
P35 7 A F RPA A= CRISPR/Cas12a 49 2 #420-F 4, 37T/ 30 min AN 3] 1K 2.8 copies/uL
AR AL, AR BB AT AR BT AL B, —H ik RAE S 10° CFU/mL, w # 47 ik R AR
# 10° CFU/mL; XTI R HATIRE 40 DNA RIRE, —FiExfe ik X805 5514 10° CFU/mL
F2 10" CFU/mL. A7 ik 42 30 #ll6 R4 BHAEART LI E RIFeE B, 5 Ew LB
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BAARXRE, BARAFe4EF. [44]1 KRR T RF 6 PAM 5 7380t Rk, M T 4t
I EHAFE 49 RPA-CRISPR/Casl12a — F ik Am Fikeml-F &, B k&, R, FR0MK.5,
HEBEFFEHBFHILGAERMNF LA .

XA T RHATE; T8RS BY ¥, CRISPR/Casl2a; KA PAM A 7
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Abstract: [Background] Proteus mirabilis is a major pathogen capable of causing infections in
both humans and animals. Currently, the research on rapid detection techniques for this
bacterium is scarce, posing challenges to early clinical diagnosis and targeted prevention and
control efforts. [Objective] We developed two detection platforms based on recombinase
polymerase amplification (RPA) and CRISPR/Casl2a systems, utilizing distinct protospacer
adjacent motif (PAM) sequence strategies, to achieve rapid detection of P. mirabilis. [Methods]
One-step and two-step detection platforms based on RPA and CRISPR/Casl2a systems were
developed for P. mirabilis by targeting its conserved genes. The one-step platform simultaneously
performs RPA and CRISPR/Casl2a reactions at 39 °C, collecting fluorescence signals in a
real-time manner. The two-step platform first conducts RPA at 39 °C, and then transfers the
CRISPR/Casl2a system to the bottom of the tube through brief centrifugation and continues the
reaction at 39 °C to generate fluorescence signals. After optimization of the reaction conditions,
we used the clinical isolates of P. mirabilis and other common bacterial samples to evaluate the
sensitivity and specificity of both methods. [Results] Two detection platforms based on RPA
and CRISPR/Casl2a were successfully established, both capable of detecting a minimum of
2.8 copies/pL of standard plasmid within 30 min. During sample pretreatment by thermal lysis,
the one-step method achieved the sensitivity of 10° CFU/mL, while the two-step method
demonstrated the sensitivity of 10° CFU/mL. After genomic DNA extraction from simulated
samples, the sensitivity of the one-step and two-step methods reached 10> CFU/mL and
10! CFU/mL, respectively. Both methods demonstrated excellent detection ability across
30 clinical isolates and showed no cross-reactivity with other common pathogenic bacteria,
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showcasing good specificity.

[Conclusion]

We developed one-step and two-step

RPA-CRISPR/Cas12a detection methods for P. mirabilis based on two distinct PAM sequence

design strategies.

These methods demonstrate rapid,

sensitive, and specific detection

performance, showing promising potential for on-site detection of P. mirabilis.

Keywords: Proteus mirabilis;
suboptimal protospacer adjacent motifs

21 A5 T2 KT 14 (Proteus mirabilis)) iZ 7 1E
Tk HHEE R, B AK K h YRy
P EEIURAMN . A 5 AT A R B2 5] IR %
YL, AT ORI R G R B, TES R
PR 3% B YL 1) iz ¥ 18 BE(Enterobacteriaceae) 41 17
W OB R R AL ESS 2 O, (URT KB
(Escherichia coli)>4, ptAh, A 5 AR LA ik n]
SIE MR . G F G HAR S 2 s
AT IR R R G = R v, F 3 Al R A
BIr M, ZSsdRigsaRie?, Harda R
TEAT o B TR 12 Wi S bn e, (I ik
FERTHRE ST, A=Ak 2 A i S s T A ) 32 )
Wr, FEEERELNZE, HirA., EZREZ
Wr B R By PR & g, — 26Dk PCR Ry 2l )12
FOARE )1z % Tar S AR T AT 1 ) s A
SR 3K L6 7 MM T B 5 AN 2 1R 25 R R
BAENDGL, XTF—298 5 B ok 1y,
PRI T X SR AR s L, A T PR A 0 0 )
SRt S BRIy R, B XA AR
TEAF R PTBURGY , BER AR 2 1 R Ak
T X A G 1) BT M9y A B

Hij , CRISPR/Cas 4t 2\ 2 I I F 43 F
WY AR TS LR, AE A Cas
B H-crRNA-FEIL R /) = oo & &4, I i
Cas &5 10T AR 19 0 2 U0 310355 R 0 ] ] S i
o AR R R I ENE M, SO
F S A, VR — 2k,
TEBARISIT . B -5 20 TR B S5 A% g [ A4
o 45 5 T A BRI W 77 . {H CRISPR/Cas
RY AL R TE pmol/L /K-, Rt

recombinase polymerase amplification;

CRISPR/Cas12a;

MRBEE, ZRGETE 5FERY HEEARLSS,
A4k EE 7 T DETECTR!'S, SHERLOCKv2!'®!
SHERLOCK!" A1 STOPCovid. V28I 45 & il 5F-
B, XGRS F 2 MR R R AEEE X,
HAr, BAERY AT, EAHAMRA MY
3 (recombinase polymerase amplification, RPA)
ATFEfEE 3742 °CAAF T, 10-30 min N2 BLEF
DUHEAR B PR 3G o AR AT At R R 4 Tk
EHA RN RS RS, T T2 E
AR X S AR A TG L AT AR S 2 A A
SRS, RS A L2 A 3 R e A

RPA 5 CRISPR/Casl2a ¥ )0 I i AH 3
%, HATFE L6001 R0,
CRISPR/Cas12a Fy I = U1 K1 1 M 25 B i 48 b
DNA, [EfIk RPA S b iy R, XBR& T
RPA-CRISPR/Cas12a — & EE il {4 22 1 % &2,
H Hi 4 JCAT 58 AT 1 RPA-CRISPR/Cas12a —#
AR HGE . TS K B, CRISPR/Casl2a
X AT A TR I AN T A 52 PR 4% 48 1 D ] B
¥ 511lf 3T 3 7 (protospacer adjacent motif, PAM)
FEANER, R 5E T PAM 325 v fEl U200
% — K Bl 7. RPA-CRISPR/Cas12a — 46
WAF-SROE T HreynTgetE . Bk, A5 BE
A7 A AR B AT RPA-CRISPR/Cas12a —##5
K- 4, K RPA 5 CRISPR/Casl2a & R 5¢ 4>
BA THE T, STy SR 0 i (R i
17, KW mfE % s s IR GHE, K
P38 P A8 G Y KU o 3 35 R A A I S
B, PR AS RS I - 5 6 A [R] 0 FH 4 5 1)
FeARGE B M
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Zi F Rk, RBF50F RPA 5 CRISPR/Cas12a
RG4E4A, T AR PAM Helg, 2 ildr 4y
AL RPA-CRISPR/Cas12a — 75 W 4
PAGIE- &, SR H AR AR e . R
il , A BT AR RS, R IG RS ER
7 55 PR B i A B T e A AR RN R S
Feo dmal SRR & i, dE— 2P
RPA-CRISPR/Cas12a — b4 1F- & 76 A s 1k
o 00 R 22 S Ao ) S5 sk ) ;Y 7, AR OR TR
Z E i JF A CRISPR K68 F 25 5 FE A

i R

1.1 #m

fiti & v B 1A FX 1 (Kl ebsiella pneumoniage) | 4
Y {0,745 75 3K 14 (Staphyl ococcus aureus) . % Il 7 7
BRI (S haemolyticus) . i 98 5 EK I (Streptococcus
pneumoniae). K% #F i (Escherichia coli), f
i FEY 1] I T (Salmonella typhimurium) . 2% [G
2 G (Shigella flexneri) . 3 3 28 AT B
(Proteus vulgaris) . 2 [% 2 4R [X % (Morganella
morganii)#s 1 FEFl 30 Ak Ar 5 A8 T AT 11 I R 43 15
MR, VUL B Sl RN S AR 2R B S g h
O, A S B0 AT ] BT
1S((matrix—assisted laser desorption/ionization time
of flight mass spectrometry, MALDI-TOF MS)
UE
1.2 EERHFIFLER

DNA fE PR Y 1G5 S (A Y, 23
KK CHE M)A R BR A\l 5 TwistAmp®
Basic kit, TwistDx ZA#]; EnGen® Lba Casl2a
(Cpf)I% IR, New England Biolabs 23wl ; 4T
HEHZH DNA 42U &, KRR )
AIRAFE S NTIRW, WM EEYRH A R
/NHl; DEPC Ab¥E7K, ThermoFisher Scientific
/5l 3 6xSuperStain Loading Buffer, Jt &tk At
DY RI A PR H] 3 250 bp DNA Ladder, dt

TERV: YR A A BR A F] 5 Taq Pro Universal
SYBR qPCR Master Mix, F & i ME# A ¥R
IEOYF R F) 5 RPA 97365 | W1 S H R 1741
A A TEAT B ureC 7 IE R IR AT crRNA,
A2 AR TR (E) I A BR A 5 o

TARERA, oM BB A R AR
Wit aeah, SR A YT B0y BR S F
SEAF G E i PCR {2, ThermoFisher Scientific
Nl RREIKIL, iR EERHE A BR A F
H2% P P K R FHBE S AR A T AL, A SR A i R
7l (R PR F] o
1.3 AR mE&

DL3F AT WM S % 5 W4 )7 5
(GenBank % 5t5° NC_010554.1)) ureC J:[H
VERHEIEIN , A NCBI $df T 847 A T AT
Wbk 5L NP8, ] DNAMAN #k {4
XA BRI ureC JE R P A HEA T HUXT, 28R
JEARST B X SO ok, IR AR T A TR (R
) A A IR vl 5 1L, £ T DEPC /KB FE R RS
il #& M BE R 10°-10° copies/pL BRI . FIF
AHWHIITE LB Wiz ki sk 37 °C. 120 r/min
BEFE 12 h, 30 BRAF AR TEAT BRI R 43 25 Ak A
N TIRIGEHIHE R 10° CFU/mL A48 IR I
REAS , HoAth B AR P A= 1 R K S 4 v R B B
10°-10° CFU/mL B I FEAS .

1.4 5|#. crRNA RIRETBNZITEE K

A RPA Sl it =0, #IH Primer
Premier 6 %1} RPA 5|4¥), Jf-ifisf NCBI-BLAST
B UES | W) Re S o AR I 1 )5 (1 i RPA 5
YR ] P A X35k, 4% B crRNA B0, DA
5-TTTV-3'F1 5-VTTC-3' (V 7]y A, G 1 C =Fl
B — )l PAM 5Ig 531 crRNA, ssDNA
TREF W i 40 MBI FAM 2¢ Y6 5L A1 i BHQ1 ¥
KEEAE G TG 53T 514 . crRNA KR
8 A T AR TR () B A BRAS /A K
(# 1.
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1 3|4, crRNA RIRTF7
Table 1 Sequences of primers, crRNA, and probes

Name Sequence (5'—3")

F1/2 GTCTGTCATCATCTCGATCCCTCTATTCCTG

R1 ACGATTATTATCATTATCTGCGCTATCACCC

R2 AGTGCGTAAGATAACTTCTCCGACTCGTCCC

F3 CATTAATACCGTGGACGAGCATCTTGATATGTTGA
R3 GCCAAGTGCGTAAGATAACTTCTCCGACTC

qPCR F1 AACCCAACGATGCCTTAT

qPCR R1 GATTCAGCAAATGCCACA

crRNA1 (TTTC)
crRNA2 (CTTG)
crRNA3 (ATTC)
ssDNA reporter

UAAUUUCUACUAAGUGUAGAUGGUGAUGUCGUCAGACUCAC
UAAUUUCUACUAAGUGUAGAUUGAGUCUGACGACAUCACCG
UAAUUUCUACUAAGUGUAGAUGUCGCGAAACCAUUGCUGCAGAAG
FAM-TTATTATT-BHQ1

1.5 RPA-CRISPR/Cas12a K ZRH
B

J% RPA ¥4 14 Z Fll CRISPR/Cas12a Y] &£
REME A PCR W EH(E 1)

— ¥ RPA-CRISPR/Casl2a Jz I & %
(35uL): P4 RPARTH, il A14.7 uL,
ZZPPW B 1.25 uL, IE. I 5141(10 pmol/L)4%
1 uL, #iHg 1.2 uL, Casl2a (1 umol/L) 1.75 uL,
crRNA (1 umol/L) 1.75 pL,ssDNA #41(10 umol/L)
1.75 uL, NEBuffer™ r2.1 3.5 uL, DEPC 4bHH/K
7.1 pL. WK ZRTE 39 °CE&AF FEEm 5t E
i PCR X 3 25 min, 70 30 s SR8 1 ¢
YefE5 S, BHL 20 min B 2¢ G0 JE AT 407 o

W27 RPA-CRISPR/Casl2a JZJWAK %
RPA VAR (25 pL)E T : 248 RPA T
. 1E. Rm5#(10 umol/L)4#% 1.2 uL, 2% ik
14.75 uL, DEPC 43K 5.4 pL,MgOAc 1.25 pL,
iR 1.2 uL, CRISPR/Cas12a fAZ (10 pL) & T
M. Casl2a (1 pmol/L) 0.875 pL, crRNA
(1 umol/L) 1.75 uL, ssDNA #%f (10 pmol/L)
0.875 puL, DEPC 7K 3 uL, NEBuffer™ r2.1 3.5 uL,
FNEAR B A 39 °CAF R HE 20 min, 2k
Ji A8 L A 200K 4 55 ) CRISPR/Casl2a A&
ABELDEEIR, 5 RPA Y7 /mIRE], &
JGAE 39 °CAAF T Faem e 62 & PCR (U2

i 10 min, %R 30 s RAE 1 IRVOGMFS, HEH
5 min B 5058 BE 64T 4347
1.6 RPA 3|¥)0fiE

— 7k RPA 1R R . A4l DNA fHIR R
PP YR S GBS, 7R A oA
& RPA TH1, 1E. I8 5145(10 pmol/L)4% 1 uL,
ZE0hk A 14.7 uL, DEPC 43K 5.85 puL, 25k
YR B 1.25 uL, A% 23.8 uL A9 RPA IR S .
DL 1.2 puL JBRiys oh B AR, DL DEPC /KN
EREagiiEl

WAL RPA F 3R R: B TwistAmp®
Basic kit Ui, 7 PCR [ & Him A
RPA % TH, 1F 1051 47(10 pmol/L)4 1.2 uL,
2% Wb 14.75 uL, DEPC 4bBHIK 5.4 uL, MgOAc
1.25 L, il A% 23.8 uL A% RPA IR A LA 1.2 uL
JERE I WM BRPERR AR, LA DEPC 7K Ay BRI R

RPA 5| ¥0fik . ¥ PCR KW TE4 B
F 39 °CWFE 12 min, #F47 RPA ¥4, Fi)5, 7F
FR A=Al N R NN N i i
(25:24:1, IRFAEL)$RIGE , F531EAT, 12 000 r/min
B0 5 min, WEHCRIEWR, SR, $RE
Ytz 5:1 B9 ELBIA 6xSuperStain Loading Buffer,
FEMRA TR 1.5%M BUIg MBS 7E 90 V H
JEZAE R HLPK 30 min, i FSEAE LIS 0 B (Ui
ORGSR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



524 (YIS Gk

Microbiol. China

1.7 RNAERMTK
— 9 RPA-CRISPR/Cas12a e Wik Z ik«

PLUBTRL(10* copies/uL) MAEAR, 435l %F— 474 1)
SIYIMAERL. Casl2a ¥ . Casl2a/crRNA Hufi) |
sSDNA 541 H¢ BE I crRNA [crRNAT (5'-TTTV-3'),
crRNA2 (5-VTTV-3"), c¢rRNA3 (5'-ATTC-3")]J2
N AR R A TRAL

Wi RPA-CRISPR/Cas12a Je K &1L
Ak PARL(10* copies/ul) i fip, X i A1 Y
RPA 5| A Cas12a ¥kJE | Cas12a/crRNA LA |
ssDNA #4411 & Fl1 crRNA [crRNAL (5-TTTV-3").
crRNA2 (5-VTTV-3'). crRNA3 (5-ATTC-3")]J%
N R FEATAL
1.8 REESH

FERA R DR R T, REAS [R] e BE B Sk A
HL(10%-10° copies/uL)HEATHEIN , 43 i EE 7 )7
B RE
1.9 #HHRM7H

TERAR VAR R, X8 UL A B0 i (R
BEBRTA . WM A A R . IR R EAIRE . &
EEHE ARG . KA A . AT TR
P PR EC TR | JEE PR S AR FR 7R A3 AR TE AT 14T
HEATASIN , 3t B 37 9 A AR Sk
1.10 RT-qPCR KR E3I

BRI 2xTaq Pro Universal SYBR
qPCR Master Mix 10 pL . qPCR F1/F2 (10 umol/L)
% 0.4 uL., HKN4 DNA FIEHE/KIL 92 ul, &
11 20 pL. A SEHF9E0E 7 PCR A 1.3 Hrifil
#IREA AT RT-qPCR Al . 519175 W3 1,

& 95°C30s; 95°C10s, 60°C 30s,

40 MEFR, £ 30 s LB 1 IRPEE,
111 AR ARG

AN TIRBCKE 30 175 AR TS A I IR
PRl £ B 10° CFU/mL PRI R AEAS , ff FH 240
LR ZH DNA 2 BOsR & 17 s 3 7|<PFJ
2 Oy A R, Jf 5 MALDI-TOF MS %

R
112 FE ge A

A3 (e FH AR AR RN A TR FE R 4] DNA 2
B G R IRFE A A T AL B, A 2 Ry
AT, If5 RT-qPCR 45 R UEAT HEL .
1.13 FItFERE

Fir Se g R 3 WE K, {#i ] GraphPad
Prism 10.1.2 AT BN 2 5 2253 HT(ANOVA) .

2 ERS594

2.1 RPA-CRISPR/Cas12a MR F2

— R 1A s, fd I
P AN LN 2 DNA HRBGR ) & XHEA gEf 7
TAbFR; B 1.2 pL B3R T RVAK RS, 55
TR 57 5 K o I A8 3 B A S B 9 E i PCR Y
W39 °CAM RGN 25 min; SRAE IR UE
HfE5.

WAL R I R R AN 8] 1B iR , 16 45 s v
¥ RPA J)% 5 CRISPR/Casl2a JZ W43 Wi
5%, ¥ RPA WK R 5 CRISPR/Cas12a J i 4
ZR 43 A A SN A R RS R 3 5

PERE B AN LR 4 DNA  HEBG ) &
Z'—‘ﬁfﬁ]’ﬁﬁ\ﬁﬁ; B 1.2 L B35BT RPA A
Z, FE4MRS) A CRISPR/Casl2a JZ WA £
TNFE S 35 IO, B s A CE TR TR
39 °CAM R B N 20 ming AR 8 1 B B
L CRISPR/Casl2a LW 1A & 5 RPA 2 {4 %
FARA, TE 39 °C44 T [ i 10 min, RAESE
N7 [ =
22 S|YITFIEGER

Oy N 2 RO B EAT RPA Bl , 4%
mE 2 s, —H R S5WAEE LS4l FI/RL
PIROR s, P IE W, IR A
X R AL ok B AR SR A, FERER
U, REUEHAIIEF] 10° copy/ul; [Hitk, LI5|
P2 F1/R1 647 Je 825256 .
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A R ")
! ] & 39°C 100000
| Thermal IySJS Add 1.2 pL @& 25 min g 70000
l —_ —_—y = i 500 000 7
| g\ Bacteria 7 RPA-CRISPR/Cas12a £ | )
& DNA kit ‘ ! reaction
Samples ‘
RPA-CRISPR/Cas12a
system
B
CRISPR/Cas12a
Q system
T §39c [0 = paoc
i Thermal lySlS Add 1.2 pL (J» 20 min b 10s I ‘I : IO min . e =
I > = > miml — > Ny :‘w_‘ = >, ‘l‘ ; :
i %‘ Bacteria ||/ RPA amplification | / Brief centnfugatmn\ / CRISPR/Cas2a *
«  DNAKit \ / — \/ Q L/ reaction T
Samples <
RPA system
1 Jfli(A)%Bﬁ)/ﬁ(B)*ﬁly"H:ijtlllbfiT ‘5'
Figure 1 Schematic diagram of one-step (A) and two-step (B) detection technology workflows.

23 REFHMULER

Ry ARSI - 5 BRI M ek B R A, kAT
% RPA 3#11AF . crRNA %13t . Casl2a W& .
Casl12a/crRNA ] . ssDNA 541k B 45 [ 1 45
PR AL, B ALY 10* copies/uL 1)
JERLAE SRR

RPA SI¥A 5 RN 3 fis . FEESIY
PRFEIN, — 3k 5L S0 AR /)N
PRI L 1.2 uL 51K TR & 514
W

crRNA fiiggs K 4 ros. —#H
crRNA L Z5 R 4A i, fEIRA RPA UL
1A Z Fl CRISPR/Cas12a WK R )5, M Ak
PAM JF41(ATTC)F) crRNA3 JE& B H 23,
H AR R e e i e, a8 BIOF & W A
i, PR tep e e FH T 2250 50 5 TP 2516 erRNA
AL g5 R E 4B Fron, 7E43JF RPA WA R

Tel: 010-64807511;

Fl CRISPR/Cas12a R WAK R )5 , A i PAM
FEH %) crRNAL (TTTC) I EIHRATHOR B i,
PR AN S AR I e, BT A e 2464 crRNA1
T R 2es2 % .
CRISPR/Cas12a &k R LA 45 K anl&l 5 & 6
Fin, Z5REM, — Lk SR EARF S
WA T RIH2= S py 9 em etk . — 2k
IS B4 R 5A—5F fis, Hidh Casl2a
B 5 Cas12a/crRNA  FAG X2 S i B 5 i) i
# .4 Cas12a i< % & 50 nmol/L .Cas12a/crRNA
FLi R 101 B, 2ER R RIIE(E ; ssDNA 8
B BE 5 0 6o B S AR AR OC, (5 Rl AR £ 0%
WEE, BATERE 250 nmol/L N AR EM MR .
WA a5 U 6A—6F fif/n, Cas12a JiFk Xt
DRSS/ 24 Casl2a/crRNA - i~y
1:2, 2SGIRBLINBIUE(E ; T ssDNA K&k E
5Ytnm B R IEA G, BT AL T 5 &,
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2 —SHEERPEEEBRAMEY BRI RREKE  A: 8 RPA 3 X5 ¥k
BUR SR IKE s B: PPk RPA 3 X 5| Wy i cb BRI W LIk 8. 1. 250 bp DNA Ladder; 2: 3l
¥ F1/R1 (246 bp); 3: 514 FI/R1 X H&; 4. 59 F2/R2 (171 bp); 5: 514 F2/R2 X} HE; 6: 5|4 F3/R3
(212bp); 7: 514 F3/R3 XF M, C: —2ik RPA 51#) FI/RL 4% R U BURBEBE IS VK ; D Pk
RPA 519 F1/R1 44 5 0% 3 I8 BHEE I FRL 7Kk 1K1 . 1: 250 bp DNA Ladder; 2 : 10% copies/uL itk ;3: 10" copies/uL
JGiki; 4. 100 copy/uL Biki; 5. BAPEXTHA,

Figure 2 Agarose gel electrophoresis of one-step and two-step recombinase polymerase amplification (RPA)
primer screening. A: Agarose gel electrophoresis of three primer pairs for one-step RPA; B: Agarose gel
electrophoresis of three primer pairs for two-step RPA. 1: 250 bp DNA Ladder; 2: Primers F1/R1 (246 bp); 3:
Primers F1/R1 control; 4: Primers F2/R2 (171 bp); 5: Primers F2/R2 control; 6: Primers F3/R3 (212 bp); 7:
Primers F3/R3 control). C: Agarose gel electrophoresis of the amplification sensitivity of one-step RPA using
primer pair F1/R1. D: Agarose gel electrophoresis of the amplification sensitivity of two-step RPA using
primer pair F1/R1. 1: 250 bp DNA Ladder; 2: 10 copies/uL; 3: 10! copies/uL; 4: 10° copy/uL; 5: Negative
control.
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Figure 3 Schematic diagram of recombinase polymerase amplification (RPA) primer volume optimization.

A: Primer concentration optimization for the one-step RPA method; B: Primer concentration optimization for
the two-step RPA method. *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1; NTC: Non-target control;

ns: Not significant. The same below.
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Figure 4 Schematic diagram of crRNA screening results. A: crRNA screening for the one-step method; B:
crRNA screening for the two-step method.
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Figure 5 Schematic diagram of one-step CRISPR/Cas12a system optimization results. A: Casl2a enzyme
concentration optimization (line chart); B: Casl2a enzyme concentration optimization (bar chart); C:
Casl2a/crRNA ratio optimization (line chart); D: Casl2a/crRNA ratio optimization (bar chart); E: ssDNA
reporter probe concentration optimization (line chart); F: ssDNA reporter probe concentration optimization
(bar chart).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AW % | BT HAME SN WA CRISPR/Casl2a 2411 2 FhbdE & 45 F A8 AT B B0 053 529

A B 5., 1S :
ns
e 1
6 —— 25 nmol/L ns
— NTC 4
. i 50 nmol/L g 5k
A, T — NTC E
X, 1 —— 75 nmol/L o
2 —NTC o 2f
P ——100 nmol/L ]
— NTC
— 07 S0 & OO O
e s SEFEIEN S
Time (min) ‘3{\ QéQ ‘_jcp Q&Q
LY 2 A S
D ns
¢ 3r ns
. 1]
— NTC 51
4k 1-1.5 =
g — NTC >
2 2k —1-2 § 1F
2 — NTC
[
0 4 gt W |
5 10 15
Time (min) 0
_2 L=
E F o3
6r ——150 nmol/L
~NTC
250 nmol/L. o2
——NTC X
2
——350 nmol/L =
—NTC
15
Time (min)
&
N

6 Mk CRISPR/Cas12a R RMLLERTEE  A: Casl2a FRREILMLARITLIE; B: Casl2a
B AL Z R AEAR s C: Casl2a/crRNA FEBIARALZ RITLLIE; D2 Casl2a/crRNA HLIHE LSS RAE
R B: ssDNA SREFHEELAL AT RITLR I ; F: ssDNA FREFU AL S RAT AR

Figure 6 Schematic diagram of one-step CRISPR/Casl2a system optimization results. A: Casl2a enzyme
concentration optimization (line chart); B: Cas12a enzyme concentration optimization (bar chart); C; Cas12a/crRNA

ratio optimization (line chart); D: Casl2a/crRNA ratio optimization (bar chart); E: ssDNA reporter probe
concentration optimization (line chart); F: ssDNA reporter probe concentration optimization (bar chart).
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Figure 7 Schematic diagram of sensitivity analysis results. A: Sensitivity analysis using the one-step
method; B: Sensitivity analysis using the two-step method.
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Figure 8 Schematic diagram of specificity analysis results. A: Specificity analysis using the one-step
method; B: Specificity analysis using the two-step method.
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Figure 9 Schematic diagram of simulated sample detection results.
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Figure 10 Schematic diagram of assay performance evaluation results. A: Sensitivity analysis of bacterial
suspension using the one-step method under thermal lysis pretreatment; B: Sensitivity analysis of bacterial
suspension using the two-step method under thermal lysis pretreatment; C: Sensitivity analysis of bacterial
suspension using RT-qPCR under thermal lysis pretreatment; D: Sensitivity analysis of bacterial suspension using
the one-step method with bacterial genomic DNA extraction kit pretreatment; E: Sensitivity analysis of bacterial
suspension using the two-step method with bacterial genomic DNA extraction kit pretreatment; F: Sensitivity
analysis of bacterial suspension using RT-qPCR with bacterial genomic DNA extraction kit pretreatment.
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Table 2 Comparison between this method and other Proteus mirabilis detection approaches

itk P i) FEAR ST R EE P TN
Method Time Sample type Sensitivity Reference
PCR 3h Urine of humans/water 103 CFU/mL [11]
RT-qPCR <3h Urine of humans/water 10" CFU/mL [11]
Multiplex RT-qPCR <2h Food samples 10° CFU/g [22]
Culture-based method 48 h - - [23]
LAMP 1 h 30 min Urine of humans 103 CFU/mL [24]
One-step method (Thermal lysis) 25 min Normal saline 106 CFU/mL This text
One-step method (Bacteria DNA kit) 55 min Normal saline 102 CFU/mL This text
Two-step method (Thermal lysis) 30 min Normal saline 103 CFU/mL This text
Two-step method (Bacteria DNA kit) l1h Normal saline 10' CFU/mL This text

— SCHROREEE,

—: It is not mentioned in the original text.

REEE, SIS HEA 22 P s A [m] Bk R4 7 4G
W, #:3 RPA-CRISPR/Cas12a % R AE 5 1A £
RG] () R R

SR, AWFFERTEEL B 2 Fhoy ki e —
SEJRBRYE, H T RPA-CRISPR/Cas12a )W i
PEZBNEEEE . B FWRESFRENE N, S
PGS RARLMER, L 2 Rk ot
B ERTI , AERI R A A5 ke i
PSURTL AL PRI — 3% RUE N 10° CFU/mL,
W 5 T AR IR B IR 2 W B, VT RE S AT AE
WIS 0L, AT 3E— 25 FH IR ok T Ak 2 0
HAEATIAE, DA AR O . AR
{87 % RPA 17 £ 5 CRISPR/Cas12a JZ W & %
Mt E, R R —2, it RPA i
MEa, RM—PPERPERT WL, KA
1% RPA 33X 551 G X TR A4 85 11 S5 970 ol 551 i 2 1
5255, FEAd AN R H 41 DNA $EBGA ] &%) ke
AT HAL RS, 2 oy vk R AU B,
i — UL A . I HE -k,
CRISPR/Cas12a FMit X1 H1 G PEAI SR 25 % RPA
PHGH HAR DNA 774 T4, TR — 201k
R akRE, WAl RESE— kR TR, It
Gb, ABFFE SR R B I R FEAS T IR E 2 Ff
R 92 ARG 5 RE L I S R S i PR RR

AR, HE—H R UE— B 5 R R 5 1
SEBRAS IR
4 HZp
BRI EE S T 2 2T RPA-CRISPR/
Cas12a MaF SSARTEAT A 5, Y RT7E 30 min
NI 2] 2.8 copies/uL W ki, 5 At
DB PR TC 28 SURNE, 56 4 il Kt S B A I A 5
Ko Al PG R AL BRRE AT, — ARl L
% 10° CFU/mL ¥ BE 1 A7 S A8 TE A 11 B L
WA B AR AT LA EY 10° CFU/mL ¢ B A9 T
i 5 [ 4 T 5L [ 41 DNA $2 B R £ 7 Ak PR ke
AR, —H M BRETHE 102 CFU/mL, B
P BR$%TF % 10" CFU/mL., A% T RT-qPCR
GBSy T2 Wi Tk, AR A D S
AI7E 1 h PS8R AR AS FIAL B 21 25 4 8 s 1 42
TRAGT I AR, I L XS ARG S 75 R S B0 PR BT R
FEAR, ST AT A A T L 2 RN O AR N 2
DI TAE G, BVa] 58 o027 S5 A8 T AT I 1
Pk . RS . BeAh, 2 Rk o Hk A |
TS, BEAETE 1 I 3 i A 3] S = 36 UE S A
SERL ARSI PR IR, R AE IR A AT VR I i 32
I AL A i 375 b DX S PR 24908 T TR G e o s e
WL T AR %

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



534 WA

FiE Rk

Microbiol. China

(=N
W RN, TR, SRR, &

b, BECE; M. JrRkr, WEEe,
Jrikits RbE. rREEGE, SR, Bt
HEW. IR, SRR, Bt k.
efibirrt, ROV IRk BB S, RO
R OREERIE, % HEkDE . SRR, SR AL
W W RO, WEES, RARR, RiE
HEBs, HE, R,

{E& T MR T AR

3% 75 B 2 DO A AT m] RE 22 Wi AR ST A A
HOIRPHEZS o IE e NN S

REFERENCES

[1] DRZEWIECKA D. Significance and roles of Proteus
spp. bacteria in natural environments[J]. Microbial
Ecology, 2016, 72(4): 741-758.

[2] YANG AY, TIAN YC, LI XC. Unveiling the hidden
arsenal: new insights into Proteus mirabilis virulence in
UTIs[J]. Frontiers in Cellular and
Microbiology, 2024, 14: 1465460.

[3] BERGER SA. Proteus bacteraemia in a general hospital
1972-1982[J]. The Journal of Hospital Infection, 1985,
6(3): 293-298.

[4] WASFI R, HAMED SM, AMER MA, FAHMY LI
Proteus mirabilis biofilm: development and therapeutic
strategies[J]. Frontiers in Cellular and Infection
Microbiology, 2020, 10: 414.

[5] LEICHTLE A, LUPATSII M, GRASPEUNTNER S,
JESCHKE S, PENXOVA Z, KURABI A, RYAN AF,
RUPP J, PRIES R, BRUCHHAGE KL.
Anti-inflammatory 1,8-cineol  and

Infection

response  to
associated microbial communities in Otitis media
patients[J]. Scientific Reports, 2024, 14(1): 16362.

[6] ENDIMIANI A, LUZZARO F, BRIGANTE G,
PERILLI M, LOMBARDI G, AMICOSANTE G,
ROSSOLINI GM, TONIOLO A. Proteus mirabilis
bloodstream infections: risk factors and treatment
outcome related to the expression of extended-spectrum
beta-lactamases[J]. Antimicrobial
Chemotherapy, 2005, 49(7): 2598-2605.

[77 MO S, DURRANI AF, SAFIULLAH Z, KOWALSKI
RP, JHANIJI V. Proteus mirabilis keratitis: risk factors,
clinical

Agents  and

features, treatment outcomes, and
microbiological characteristics[J]. Cornea, 2021, 40(6):

704-709.

[8] SOLIMAN S, ABDALLA S, ZEDAN A, ENANY S.
Genomic profiling of pan-drug resistant Proteus
mirabilis Isolates reveals antimicrobial resistance and
virulence gene landscape[J]. Functional & Integrative
Genomics, 2024, 24(5): 154.

[9] EITAWEEL M, SAID HS, BARWA R. Emergence of
extensive drug resistance and high prevalence of
multidrug resistance among clinical Proteus mirabilis
isolates in Egypt[J]. Annals of Clinical Microbiology
and Antimicrobials, 2024, 23(1): 46.

[10] RIFFON R, SAYASITH K, KHALIL H, DUBREUIL P,
DROLET M, LAGACE J. Development of a rapid and
sensitive test for identification of major pathogens in
bovine mastitis by PCR[J]. Journal of Clinical
Microbiology, 2001, 39(7): 2584-2589.

[111ZHANG WW, NIU ZL, YIN K, LIU P, CHEN LX.
Quick identification and quantification of Proteus
mirabilis by polymerase chain reaction (PCR)
assays[J]. Annals of Microbiology, 2013, 63(2):
683-689.

[12]DEVEAU H, GARNEAU JE, MOINEAU S.
CRISPR/Cas system and its role in phage-bacteria
interactions[J]. Annual Review of Microbiology, 2010,
64: 475-493.

[13] PICKAR-OLIVER A, GERSBACH CA. The next
generation of CRISPR-Cas technologies and
applications[J]. Nature Reviews Molecular Cell
Biology, 2019, 20(8): 490-507.

[14] CHEN JS, MA EB, HARRINGTON LB, Da COSTA M,

TIAN XR, PALEFSKY JM, DOUDNA JA.
CRISPR-Casl2a target binding unleashes
indiscriminate  single-stranded DNase activity[J].

Science, 2018, 360(6387): 436-439.

[15]SUN YY, YU L, LIU CX, YE ST, CHEN W, LI DC,
HUANG WR. One-tube SARS-CoV-2 detection
platform based on RT-RPA and CRISPR/Casl2a[J]].
Journal of Translational Medicine, 2021, 19(1): 74.

[16] GOOTENBERG JS, ABUDAYYEH 0O, KELLNER
MJ, JOUNG J, COLLINS JJ, ZHANG F. Multiplexed
and portable nucleic acid detection platform with Cas13,
Casl2a, and Csm6[J]. Science, 2018, 360(6387):
439-444.

[171JOUNG J, LADHA A, SAITO M, KIM NG,
WOOLLEY AE, SEGEL M, BARRETTO RPJ, RANU
A, MACRAE RK, FAURE G, IOANNIDI EI,
KRAIJESKI RN, BRUNEAU R, HUANG MW, YU XG,
LI JZ, WALKER BD, HUNG DT, GRENINGER AL,
JEROME KR, GOOTENBERG JS, ABUDAYYEH OO,
ZHANG F. Detection of SARS-CoV-2 with
SHERLOCK one-pot testing[J]. New England Journal
of Medicine, 2020, 383(15): 1492-1494.

[18] LI LX, LI SY, WU N, WU JC, WANG G, ZHAO GP,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AW % | T HAMEAEY A CRISPR/Casl2a RSt 1) 2 FhHusE #6 I 45 F A8 FEAT B 10 7% 535

WANG J. HOLMESv2: a CRISPR-Casl2b-assisted
platform for nucleic acid detection and DNA
methylation quantitation[J]. ACS Synthetic Biology,
2019, 8(10): 2228-2237.

[19] LU SH, TONG XH, HAN Y, ZHANG K, ZHANG YZ,
CHEN QB, DUAN JY, LEI XL, HUANG MH, QIU Y,
ZHANG DY, ZHOU X, ZHANG Y, YIN H. Fast and
sensitive detection of SARS-CoV-2 RNA using
suboptimal protospacer adjacent motifs for Casl2a[J].
Nature Biomedical Engineering, 2022, 6(3): 286-297.

[20] LIN KF, GUO JG, GUO XIJ, LI QH, LI X, SUN Z,
ZHAO ZH, WENG J, WU JZ, ZHANG R, LI BA. Fast
and visual detection of nucleic acids using a one-step
RPA-CRISPR detection (ORCD) system unrestricted
by the PAM[J]. Analytica Chimica Acta, 2023, 1248:
340938.

(217 [ 58 T A {2 5 2. PROBUAR A I IR 3 A= 1 S 3 8
K B4R 1R I : WS/T 489—2024[S]. dtmt: AR E
Hi A, 2024.

Guidelines for the testing of urine specimens in the
clinical microbiology laboratory: WS/T 489—2024[S].
Beijing: Standards Press of China, 2024 (in Chinese).

[22] YANG R, XU GY, WANG XY, QING ZC, FU LZ.
Establishment and application of a dual TagMan
real-time PCR method for Proteus mirabilis and
Proteus vulgaris[J]. Polish Journal of Microbiology,
2020, 69(3): 293-300.

[23] BENJUMEA C, NAVARRO F, ALONSO-TARRES C.
Improving the diagnosis of urinary tract infections by
the use of enriched media and a 48-hour incubation
period[J]. Journal of Medical Microbiology, 2024,
73(6): 001846.

[24] RIVOARILALA LO, VICTOR J, CRUCITTI T,
COLLARD JM. LAMP assays for the simple and rapid
detection of clinically important urinary pathogens
including the detection of resistance to 3rd generation
cephalosporins[J]. BMC Infectious Diseases, 2021,
21(1): 1037.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


