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W E. [F7) LA E Fusobacterium nucleatum)VE AWAK ARG, %51 2% 5 B mAE
o, CAHGEE R AMMBERAOBLETZEERE Z, & REN P RE—Freik @ 248N F. nucleatum
w7k, [B 6] BEE T —MENRIRA LSRG RSB 80 7k, T 5 ki ki
MAR AR T B RATE 0942, [F %] £ #E49 KBF (magnetic nanoparticle, MNP)& & 1546 %] 449
¥ F. nucleatum 3k, ME—Fp4F F W45 F. nucleatum ¢ MNP 354+, b4, i MNP 484118
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iR BT AR M F. nucleatum 2 RF—8. [4£) AR EZ L7 %A TR F. nucleatum, A
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Ultra-sensitive detection of Fusobacterium nucleatum with
magnetic nanoparticle probe in dark-field
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Abstract: [Background] Fusobacterium nucleatum, an opportunistic pathogen causing infectious
diseases, is a risk factor for the occurrence of colorectal cancer. Simple and rapid techniques are
urgently needed for the detection of F. nucleatum in clinical practice. [Objective] In this study, we

established a direct observation and counting method to count F. nucleatum cells in samples with
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magnetic nanoparticle (MNP) probe under dark-field microscopy. [Methods] We prepared the MNP probe
by modifying MNPs with the homemade polyclonal antibodies against F. nucleatum, which can bind to
F. nucleatum specifically. Furthermore, we compared the sensitivity of our method with that of real-time
fluorescence quantitative PCR (qPCR) for detection of F. nucleatum. [Results] The method established in
this study showed the limit of detection as low as 3.42x10" copies/uL and the sensitivity 5 times higher
than that of qPCR. For detection of the real samples, the results of ounting F. nucleatum by our method
are consistent with that by qPCR. [Conclusion] The established method is simple, rapid (within about
30 min), sensitive, and economical for detecting F. nucleatum, which has the potential to serve the

detection of clinical samples.

Keywords: Fusobacterium nucleatum; magnetic nanoparticle probe; dark-field microscopy; ultra-sensitive

detection
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PBST ¥k 3 ¥k, 100 pL PBS T2 & FE b .
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F. nucleatum %) R 8
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B3 H)Fx 4L (3 H). PBS Bl vk &
1x10% copies/uL i) F. nucleatum %W, K FHHE
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HX 10 pL BEAS 55 20 wL il 4571 MNP 455t
RAEFE TS BEME T WE . FEPBAERYS
CLES 1 qPCR ikt mkaill, S5mEigE
EERAEXT H .
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Protein A+G Agarose (Fast Flow)#iZ 1 4fi

R e, 2 S 2R A0 AT 6 2 ' B T
RaifbJ5 PR EE 2 13.25 pg/ul, SDS-
PAGE % 4lifb )5 1) 2 s EHUATEL 55 kDa Fil
25 kDa b A 450, SRS BT TS AE L
ZlAb 5 AT LT H 2% 8 I s (1),
2.2 ELISA JZ#N % sEREH R
W 1 s, (84 ELISA J7 v 46 4 14 1
RN K 1:128 000 (P/N>2.1), FWIHUAESI4
i
2.3 MNP X%t H) SDS-PAGE £ &
SDS-PAGE %5 - £ W](1&] 2), 1F MNP %4t

170 —j= -
130 —.
95 — .
72—
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43—
34—

26 — "8 L [ jght chain of antibody

17

1 SDS-PAGE £ EZ mEMALUHR
M: [ Marker; 1: Zifb/E BTN ; 2: KR4l
LEAiUEN IR

Figure 1 SDS-PAGE analysis of polyclonal

antibody purification effect. M: Protein Marker; 1:
Purified antiserum; 2: Unpurified antiserum.

F1 MmMFRM AN

Table 1 Determination of serum titer
I3 F R PR 13 SRR EIRE P/IN>2.1
Serum dilution  Positive serum Negative
(ODys0) serum (ODys)
1:2 000 1.9513 0.1257 15.52
1:4 000 1.570 5 0.1189 13.21
1:8 000 1.460 2 0.123 9 11.79
1:16 000 1.141 8 0.114 3 9.99
1:32 000 0.704 5 0.1256 5.61
1:64 000 0.528 5 0.123 6 4.27
1:128 000 0.3350 0.1157 2.88
1:256 000 0.226 3 0.117 8 1.92
1 2 3
S — Protein G
— Heavy chain of antibody
— Light chain of antibody

2 MNP #x%4tH) SDS-PAGE 2 #fB M. &
1 Marker; 1: 20 pL MNP #8%F; 2. 2 pg Hifk;
3: 20 uL MNP

Figure 2 SDS-PAGE analysis of prepared MNP
probes. M: Protein Marker; 1: 20 uLL MNP probes; 2:
2 ug antibody; 3: 20 uLL MNP.

e 2 45015 (—4% 55 kDa IBTIRE B 5007
Fl— 2524 20 kDa HUIREREE J5417) . KW MNP
SPUALS G, il T MNP 541
2.4 MNP #R§tH] TEM FR1E
TEM WLZE45 KR (B 3), HARBMM
MNP #HE, MNP $REHHA R GF0BrE,
AT LA Sfe ) 05 D R P 4 2%
2.5 EEIFBFHEMEBIREIHEIK F. nucleatum
4[] F. nucleatum FEih TN G5, 1ERS
Y S T U2 0 S AR ZE AL (] 4A) 5
50 nm P RE AN OK BORLAE B2 BCIR ST B B AR
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& 3 TEM 3R{E MNP X%t

.

2 pm- i : 8

A: MNP; B: MNP &4l

Figure 3 TEM of MNP probes. A: MNP; B: MNP probes.

20 pm

4 BEIHBWIERIMEIRITIHIAB F. nucleatum

20 pm

/

20 pum

A: F.nucleatum; B: MNP 4 ; C:. MNP #4145
4 F. nucleatum; D: MNP 5 F. nucleatum WIR-E

Figure 4 Dark field microscope observation of probe capture of F. nucleatum. A: F. nucleatum; B: MNP
probes; C: MNP probes binded with F. nucleatum; D: MNP mixed with F. nucleatum.

55, KRBT ALY USR], ATEREH TR
2 B & 65 (K] 4B) JMNP #4515 F. nucleatum
FEmveai G, IRt R B W TR F. nucleatum
JAH, TERE BT SR R 46
BOREER (B 4C), B2 X5 F 153785 5L M BA 1

T HE (] 4D),
2.6 TEM W EIRETFRIC F. nucleatum B4
SHER

TEM EAFG R ER, 450 MNP #3545
B RIZAE F. nucleatum JAFEI(E 5A), MRS EHT
K MNP ANBEY) F. nucleatum 456 (1K 5B), &

B MNP 5 F. nucleatum AFTERESFPEM ML S .
B MNP %4t 5 E. coli f1 S. aureus 18RS )5, WILA
BHNE. coli F1S. aureus F2 M ALE A AL MREPURL,
TTT S 174 72 DA TR FEL (] SC FTE] 5Dy, 4553,
il 25 () MNP 851 7] IR P45 G F.onucleatum
2.7 qPCR #& F. nucleatum ¥R B E 5 R
2.7.1  $FRMESIITFNERE 2 BO A2

VL F. nucleatum FNIHAYEXTREA E. coli,
S. aureus 4l FEF 41 DNA J A E1 T qPCR #;
W, 5 BRI F. nucleatum HA Y (Kl 6A),
A HAUE 1AM (& 6B), RISk
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A D
o
TN : e
1 um “ 1 um

5 TEM FR{E MNP RIS HRME A MNP #4454 F. nucleatum #:5 ; B: MNP 5 F. nucleatum
BA; C: MNPRENY E. coli iR ; D: MNP RE S S. aureus IR 5

Figure 5 TEM images for specificity of MNP probes. A: MNP probes binded with F. nucleatum; B: MNP
mixed with F. nucleatum; C: MNP probes mixed with E. coli; D: MNP probes mixed with S. aureus.
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8 13306 / 5 4.009¢
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2 8306 ) 2 2409
i } | p—
: 809F — &
Z 0806} — S 0.009 -
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Cycles Temperature (°C)

9}
v

5 .

T ¥=-3.373X+ 42.77

§ 251 R™=(.998 2

e o

8 T‘i 20

]

5 13 [

=]

E 10 1 1 1 1 |
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Cycles F. nucleatum lg (copies)

6 qPCRIREMZKBIME  A: F. nucleatum. E. coli F1 S. aureus W3 ¥ £ ; B: F. nucleatum .
E. coli f1 S. aureus WIIEMRINMZE; C: F. nucleatum F:RMP WL ; D: F. nucleatum WIFRUEMZR ., 1:
F. nucleatum SR ; 2. E. coli M S. aureus JEPRH (Wi FMME TS ); 3-7: BORIEKERICH 3.54x108,
3.54x107. 3.54x10°. 3.54x10°. 3.54x10* copies/pL

Figure 6 Construction of qPCR standard curve. A: Amplification curve of F. nucleatum, E. coli and
S. aureus; B: High resolution solution curve of F. nucleatum, E. coli and S. aureus; C: Amplification curve of
F. nucleatum gene; D: Standard curve of F. nucleatum. 1: F. nucleatum genome; 2: E. coli genome and
S. aureus genome; The plasmid concentrations of 3—7 were: 3.54><108, 3.54><107, 3.54X106, 3.54X105,
3.54x10" copies/pL.
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S i o NanoDrop 8000 M5 Bk A2 BR U %
WA TR P DUECK 3.54%10"° copies/uL, 10 {51
FURBEERRRR S 4H, Bl 3.54x10%-3.54x10° copies/uL
1T qPCR. B 6C N, 25 FBs EE 13 3 il
NARER S R, CAELKE 2 R0V FE 1) A T
T B AR E bR E LR R Y=-3.373X+
42.77, X Z%L R*=0.998 2 (K] 6D), FHIFriE
ML R RAF. 45 REHIM N qPCR £
DA 2 A AR o A e S
2.7.2 qPCREMMRAIME LS R

B F. nucleatum ¥ X 10 £5 6% Lo 6 B

23.163
21.163 1
19.163
17.163
15.163
13.163 1
11.163}
9.163 1
7.1631
5.163}
3.163}
1.163 =

Fluorescence (465-510)

BJG B F. nucleatum #£ 50 DL 1 pL Wi, @
@A AY qPCR HEATE R, #35] C{EAM
AFREM R R, T8RS E F. nucleatum F£
il B DNA N 2.14x10° copies/pL. %3t
R IAEPE DIBCH 2.14%10% copies & LA R, 18
TFRUET AN C (TS AR Sl vk B 55 52
Pruf A 2 R (8 TA). BT ORIG O AR
1) F. nucleatum FabBEEERRE, AR R
3.42x10" copies/pL A, FEAZE AT CAH 5B
X HE(C>35) o2 5% . A REH] qPCR AR
241747 1.71x10* copies/uL (/& 7B).

28.008 r
25.508
23.008 r
20.508
18.008 |
15.508 |
13.008 |
10.508 -
8.008 -
5.508}
3.008
0.508

Fluorescence (465-510)

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Cycles

7 ARERE F. nucleatum B qPCR 3 18 f 2%

20 25 30 35 40
Cycles

A: 1-8: F. nucleatum ¥ 5 10 {545 LU B B #5 Bk

FERUC N s 2.14x10°, 2.14x10%, 2.14x107, 2.14x10°%, 2.14x10°, 2.14x10*, 2.14x10° F1 2.14x107 copies/pL;
B: 9-13: F. nucleatum WEMRIK Jg: 2.14x10%, 4.28x10°, 8.56x10%, 1.71x10% F1 3.42x10" copies/uL

Figure 7

Amplification curves of qPCR with different concentrations of F. nucleatum. A: The

concentrations of 1-8 F. nucleatum: 2.14x10°, 2.14x10%, 2.14x107, 2.14x10°, 2.14x10°, 2.14x10%, 2.14x10°,
2.14x10* copies/uL; B: The concentrations of 9—13 F. nucleatum: 2.14x10%, 4.28x10°, 8.56x10%, 1.71x10°,

3.42x10" copies/pL.
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2.8 HEAMAKRE-BEHERTHEEEN
F. nucleatum R 8 [E B 45 R

R 0 G A0 K TR - WG 3 B 0T B0 K T
F. nucleatum W, W45 R 0oR & R AR
AR AR, B 37 R U T UL B B S AR TE 254
ook M SRRV, YREIKEE N
4.28x10° copies/pL (Kl 8A). 8.56x10* copies/puL
(Kl 8B)Fil 1.71x10” copies/uL (& 8C)IT, & rh
2 MBIV Z W e I BORIE 454, i T4

R IR B I B A v B A /NI AR D MR A
VA 3.42x10" copies/uL i (& 8D), 7E—E M
R R VB R M Bt U g o T = RS S
Priteas RG22 57 . I, B9 KRR e -
Y O B0 ARG R Ry 3.42% 10" copies/uL.
2.9 FEHNKIRETES qPCRIEXT F. nucleatum
TTERHIE R b

Wik 2 FOTEXT 3 ANEEAES AT,
22 B REYTE F. nucleatum Ff i e FEAR AR AT

20 um

20 pm

20 pm- 20 pm

8 AEIRE F. nucleatum 5 MNP IR E S B HEME

Figure 8 Representative dark-field images of F. nucleatum at four concentrations. A: The F. nucleatum of
4.28x10° copies/uL; B: The F. nucleatum of 8.56x10° copies/uL; C: The F. nucleatum of 1.71x10? copies/uL; D:
The F. nucleatum of 3.42x10" copies/uL.

F2 WNAKIREIES PCRIEFITTHBIGS RAT L
Table 2 Detection of different dilution F. nucleatum solution by qPCR and MNP probe-based counting
strategy

Sample No. Number of qPCR (copies/uL) Number of MNP-labeled dark-field count (copies/uL)
2# 3# 4# 5# 2# 3# 4# 5#

Theoretical 4.28x10°  8.56x10*  1.71x10*  3.42x10'  4.28x10° 8.56x10*  1.71x10*>  3.42x10'

concentration

No. 1 4265 1175 282 - 4329 879 178 35

No. 2 5495 1 047 229 - 4258 867 165 42

No. 3 4 466 1122 268 - 4 423 886 182 38

Mean 4742 1114 259 - 4336 877 175 38

Standard 538 52 22 - 67 8 7 3

deviation

1. 2#: 4.28x10° copies/uL F. nucleatum; 3#: 8.56x10% copies/pL F. nucleatum; 4#: 1.71x10% copies/pL F. nucleatum;

5#: 3.42x10' copies/uL F. nucleatum, —: C>35 45582 W AT

Note: 2#: The F. nucleatum of 4.28x10° copies/uL; 3#: The F. nucleatum of 8.56x10? copies/uL; 4#: The F. nucleatum of
1.71x10? copies/uL; 5#: The F. nucleatum of 3.42x10" copies/uL; —: C>35, results ignored.
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(X T 4.28x10° copies/uL), RGN AARES -1 17 i
O EGE AT qPCR kiR 5K . e PEE
w L, HA—E
2.10 F. nucleatum ZBRAEZA B &N 5

2 PCR Y& /NEURY F. nucleatum J5, 18
1T MNP #5256 5 3 i S5 e s kA A vp
1 F. nucleatum. 2550 5WoR, LA PIFEASTER,
Y BB T 0 LU 26 1B 3 B 2 10 1 HR 2
(E 9A), Tixf A E AR (& 9B)., A5
BT R SEBRREAS TR A R S qPCR XS L2
TN, 2 BRI 28 R IR EE— 3 (R 3), UEM
T RE AN KR8 1 FH T S B A ARSI Y AT A
FERaE

20 um

20 pm

B 9 BIZEMIET WEREHREIRER DA
A SEERAMEA; B XFIRAIREA
Figure 9 Detection of F. nucleatum by MNP
probe-based counting strategy dark-field images of
MNP probes F. nucleatum capture in real samples.
A: Experimental samples; B: Control samples.

F. nucleatum

%3 HEAKIR$TES qPCR EEN KR AR
LRI

Table 3 Comparison of the results between the
gPCR and MNP probe-based counting strategy for
the detection of real samples

Samples Number of MNP-labeled Number of
dark-field count qPCR
(copies/pL) (copies/uL)
Sample No. 1 857 870
Sample No. 2 1193 1230
Sample No.3 1175 1122
Control - -

Note: —: No detected.

3 WwE5E®

LR e IR A 2 T B 2 ) — > EE 2 ]
R, T PRAARIMELARE I, HASI 5 AR A i 1]
—HARZBIN AW E, B, F. nucleatum
VER—FI DAL BOR R, AT Beg | i
TR SR, AR GE BRI 5 B4R A A
B, FERTR . AR . Tl tkne HAS S AR
FHAE R 45 21

Chen 25 P7FI F 4 90 K UKL 76 15 37 & 19 Bt
B CHCFRRE Wil AR A AR AT A IR T4k
G5 SRR 52 4 9K ORI AR 10 9 I 37 T 500 i P it
5 8 H R - Xu P T — R TR
TR A B OK BORE R S GE T BT AR 2SS
Jrik, RATREe bR AR, 45
Tz A, I, TEADRE
TATHRH T —Fh MNP Anic B0 11802k HE
& F. nucleatum , 81 fERE 3 BB T HIA
AR WLEZL B MR S5, LLRBIRAS F. nucleatum.

F. nucleatum /) TEM FRAEZ5 R 7R AR K
/NTE 5—10 um Z [8], 3 XA /N Kb L w1
MO, AR T EMTARC F. nucleatum
1 50 nm AYREANKRIRL, Z 40K BHEA R AT
M43 ROE , TEME S AU T AT LA AR R B Ot
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B, R AR G M I g . R
Tifg protein G, 5FIJ H protein G 5HUIARY Fe X
R SR A5 A X — RRAE ﬂu%%%ﬁ@ﬁ
F. nucleatum 2 i EHUASLS G, Hil #5458 52 1
F. nucleatum ) MNP 541, t7h, MNP ﬁt!ﬁﬁﬁ
BIA B RS AR E T, A REAE RS LY
HOMLEE S B 52 B BOIRZ5 A o T8 SDS-PAGE 45
RIFLE AKX, 20 L MNP Ri7 0] D25
A 1 pg PilksrF, MNP BREREWE L B = ke
PR E MK

MNP #4513 B 0807 209 R 5E B
AT AIAE 1 copies/10 pL, {HZZ [EFSZBRAGIN )
R, ABFF AR A 3.42x10" copies/uL,
i H. AT L83 4.28%10° copies/uL 47, BT
i BRI AT 33 55 KB F. nucleatum FE 5o R,
ARG RN %) F. nucleatum PR I &
— AR R O TIERIAEE T ik R
U, SRR qPCR AN 1T T IR . 45
IR, qPCR AR A 1.71x10° copies/uL,
M MNP #RE} - 37 3+ 850 v A il B Ry
3.42x10" copies/uL, F qPCR J7ikf) R T
5 fEZe o WX ESLREA AN, ASBESE B
ST TR BT HER . X Al
A Ty v B RUE . AR AT
(YT 30 min), XX ERMATFE—7/
{4 X R AT 2L N R PBRAESS A,
AR RERCh —ME 5, T A6 00 25 A
FINNESCE 40K B BOK 8 55 T AR

ZE P PTER, AT IE 1 9K B IR ET 1
R AR A, @5 T MNP R
- RO O L R BUE L mAcE . Rl
P, XTHEFEEL F. nucleatum 5| PR )
IR L7 A5 W0 R DG i A I AR A LA R
S, ABAAEE—E M, T — e,
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