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2 AFoM = a4AHY 2249 (enzyme-linked immunosorbent assay)Z} W AZvLE 7E 7] H-& AEEI] Legionella
pneumophlla AEE A3 HYAEHS AXsIth. HAAEHLS 450 Wyl o] g3t AZstairt. YEZA
EReA WBYRAE TEFA S 1YSEt] 25 HAAS o] il AHHEAL, T FRY FElA Auede
Zv7y A =g AR HERE A EHAT AEZ e Wyl BA% fi"o SZ ANBEEEE RS 5
R o] Gt MESA] ARSI GA4RESol <3 30 min 01‘4101] AR DA G = A E A FA4 0
7Vsstainh. BA A slolA Setel 93 AA AFW oY}, 1.3 x 10° - 1.3 x 10° CFU/mML B9 L. pneumophila
FTEE Uxdridetel AA AFE AZEolE o] gdte] AFH R BT & glqrh
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In this study, an enzyme-linked immunosorbent assay (ELISA) and immuno-chromatographic technique were combined to fab-
ricate immuno-strip sensors for the detection of Legionella pneumophila. The immuno-strip sensor was manufactured with four
different membranes. A nitrocellulose membrane was used to immobilize capture antibody and generate signals due to the high
affinity to antibodies, and glass fiber membranes were used as a conjugate release pad and a sample application pad. A cellu-
lose membrane was used as an absorption pad to induce sample flow by the capillarity. Colorimetric signals produced by sand-
wich immuno-reaction and enzyme reaction could be analyzed qualitatively and quantitatively within 30 min. Under the given
experimental conditions, sensor signals with L. pneumophila samples were observed qualitatively by naked eyes and measured
quantitatively in a range of 1.3 x 10° - 1.3 x 10° CFU/mL with a digital camera and home-made image analysis software.
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Legionella Pneumophila 731%&S ¢
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Figure 1. Detection principle of immumno-strip. (a) Configuration of fabricated
immuno-chromatographic strip and (b) Scheme of immuno-reaction
procedure on immuno-strip sensor.

Al L. pneumophila "3 of2} 56kl Q= HhEHERA oA €]
wbAd ARAZF S718kaL Q1o) L pneumophila®l] T3t E41 H /do]
23] F7kE L ek

L. pneumophila 7ZS $18 AHE 02 o] &5 = WhHS Men)x] ul
&2 FEY AT, FuisH] w9, A SR 5ol ATk, 7).
AeuiAaler 9 F2Y A ndE 132 712 HHoE, =
= AEA]a) ol wiitel 2 ZIF ARG o] ghok AvE A7t
A 2-79 HE2] AlFlo] A2QH T N VES Ad Qlgo] Hash Wy
o] Sirk sk TR} Akt FEE 17k Anlg dEelEo]
Q7= TRlo] Uvl7,8]. el Algsla et AES flste] it
T ZAE 7keR o Aol tig A7t wel S /K9],
1%°1*] DNA probe %< polymerase chain reaction(PCR)S- ©]4-51
A ¥ s 555 5 54 I M IS ¢ = probes)
Ao % BRIk= Z102[10], w4 ARE G5, =& 5o, A2 4]
B AR 5 e 7RIt sRL S5 AIES] DNAGE, ThA| <3
2 22) A 1ol F e wWilo] Sloh11]. tijke = 34| HAte} 3|
1+ 5ol2] HoANkgol] 7%k WA o] ipdE o] glom, §AdS
ZJ(Enyme-linked immunosorbent assay, ELISA) 7]|E7} 119} 9l o) Wk
9 AH 5 ohdA] 22 A x]2o] Fast BHge] gick

olyd WHES Heslr] flste] WY A=whETY A
(Immuno-chromatographic assay)©] &+ 7|LE oM, o] T a4%
Aol 25k A e FENL 2l&5eka A gst 48 7s Al Bkl
WS AR AR o7, ARE, SR AEAHE BRI
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2.1. A8z

Aol AFE-E L. pneumophila (KCCM 41777)% 3= 85 1 241

T BAaMEY AER] AN 545

El(Ag, sEhelld F4lste] ARgskGitt widks Sl SRl
CYE agar base (CM0655, Oxoid, Hampshire, UK)E AM-3}51 00, =
ZY AFE A% A= SHulRel agar powder (A0084,
Daejung Co., Korea)E 1.5%% =55to] AME-SFSIT}. 38 (capture) &
A L. pneumophila®l W-3/3& 7+ thEE84(ab20943), A
(detection) FAZ L. pneumophila®l HF-g- 5o]’d-& 7F<= horse-
radish peroxidase (HRP)$} AEH th&E3(ab20561), control A1%
WAYS 98l rabbit IgGol WHEAYS THAE HEETAN(b31193)E
Abcam plc. Ltd. (Cambridge, UK)oIA F+¢i3te] ARE-3ATh

2EY AFE Qs Bl UERASZ 9 WHER1(10 pm
pore size, CNPE-SN12), A== 04 #WHHRI(APOS), T 7] &
ZAAF WEZQ(PT-R5?} GFB-R4)S Advanced Microdevices Pvt.
Ltd. (Ambala, India)ollX T+I8Fe] AMESFTE 5% casein 24
(C4765), ascorbic acid (A2343), trehalose 2-<(T5251), B LHwl
(BSA, B4782)} Tween 20 (P1379) 59 AJ2k2 Sigma-Aldrich Co.
(St. Louis, MO, USA)°llA 7-9)33ith HRP W35 913 7] 4 <]
3,3,5,5 -tetramethylbenzidene (TMB) 2> BioFX laboratories (Owings
Mills, MD, USA)°IH 418t} ARg-s3ict

2.2. EAMAREE JZ0lE2HE AER] HIZ
A A5 o} g eke] HAREET}
Hgo =z g E BYshs 9oz UERAESZ oA YlH
(0.4 cm x 2.5 cm)S AMESFSITE | mg/mLe] EE A g2 Al
A= ol FE] 1 cmeoll YIXISE 3tof| 1 uLE E5315ik |
A AEYO s FRlIst7| %t control A& HAYS $
XA ol WS 7HAE 0.1 mgml w2 tHEE
wuzel ool A 1.7 emeoll $1X|8F Heoll 1 pL 253 F, 37 C v
&F71elA 1 h Bt Biekste aAsiazch

S FWEH Q0.4 cm x 0.5 cm) O F o] Fo7 FEA| HTo
+ HRP7} 55 9A A& E5ste] sl oz A5 U9
L. pneumophila$} 12} ARTANE FAsHA sllrh. &= A8
2 1 mg/mL =2 XA 0.1 pL, 40% trehalose &8 2.5 uL, 40
mM ascorbic acid §9 1 pL2} 5% casein €4 4 pyLE sk A%
sieltt FulE gA A AS feidf WugRle] F5A1R § 55
CelA 30 mingt AZ3k] FRISFAT

A~EF AE HE OHP EE(0.4 cm x 5.7 cm)S 7|2 AL}
o], &9 A2 ARtk AFTEA HE= FE Shctol A 1.4 cm
el AXsES 71 WA wgsdch S e AlsEd e
oftf O 0.1~0.2 cm HA AL, EAT 4ol o3 Alg &
5L frshe dghs e F e AEE e WH 0.4 cm x
1.5 cm) AR F =9} 0.1~0.2 cm FAHA HEL] 7 Al 9
AR FEAR WRERls AR AEFY =04 om x 15
em)= A A=} 0.1~0.2 em HAESE FE 7P shebol] 17g5t
Atk Figure 1(a)ll $HdE ~ER Q] ek Y5 YeRQch
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2.3. AERIS 0|88t L. pneumophila &

L. pneumophilas X3rst A|5-8-¥ 100 pL7F B3 AT A&
FUHE 725 AERE AXth AEHS wet A5 T
ZoA F dlE WEko R s2 = ARl EAISlE L preumophila
= FL-TA vkl sl FEA =] @A e} 13} WA EAA
2 QU 7 T AT A=A 1 AR
2 =
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Figure 2. Images of colorimetric signal with concentration of L.
pneumophila. (a) Control sample (without L. pneumophila), (b) 1.3 x
10° CFU/mL, (¢) 1.3 x 10* CFU/mL, (d) 1.3 x 10° CFU/mL, and (e)
1.3 x 10° CFU/mL.

o} Attt flolA] 71&d WeInkg-2] A= Figure 1(b)oll =214
o7 Asisit 15 mingt E"i‘l.i‘ﬂ&%% AE ArsFo] ghud
4714 9] = f2ld WEEHJA(GFB-RS, 1.2 cm x 1.5 cm)
7 ga71d FUled AEE e WEER(1.2 em x 1.5 em)S 7}
ZF sy =) ik Sl 0.1 em® A YA B
HEE-S] 71AgNQl TMB 498 a4ar|AFY dso] 253 5 &
FHER] S5 o3 gk %%‘l OAO?lCi 5-10 minZk
Wx|gc} g4 WSl 9 3 A = Fetell 2gk 334
ol Zkssh, A4 44 S8 dA é 7}131131(8750 Olympus,
Japan) & ©]&-38}0] o|n|A & AATHENLE 1920 x 2560 pixels, =&
AIZE 1/8 s, ISO = 200). ©|R] A= Al AJZFE oA 24 ~AXE
Yol E o]gato] WA A go| gty HAA7|E ki deE 4
9] NS E RGB AN R Fulsto] Zzhe] AA M7|9] Het
HOZ WANG A7IE FXgERch
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3.1. M AEZ] SAM SO HYX 2

AR & L pneumophila F%O uwel dojzl LA M7|WHstE
Figure 28} #Zo] &5 4 SUSItE o|u]A] afete] ©&7] s A5 <k
ofl EA&= L. pneumophila®} HRP 53+ BA A7 AIRE-g<f 9
o 12} A EEATE 25 FA 9L MEQ]A] W uk-ge) oJste] 22} ©
QEIAE Fgste] A FaNREe] 2a] AR Aolal, Akl
control A& 3= L. pneumophila®} WH-5-3F4 58t HRP 53 B4 A
7} control FA| 9} AREE S| ollA A L/\“P%"ﬂ ozl g A
02 WA FgAaNe AEF O AL A B2 FoIxAZTE ALEH
L. pneumophila N 8.2] % W= 13 x 10° - 1.3 x 10° CFUmMLY
o, STt S el vlEste] o A& DA E wAlskE A
AAAoZ AT F QUG

3.2. MY AER| QMAISO| MK 2M

e BN AER MM AR 24 d5E BrleM]
slate], T E7petR dofxl LS ofuj A= 24 A< o]v]
A 2 2ZEO)E ol8sto] sislth 2 Felellx AdEE
HAEe Aie= RGB Aoz Fejsto], 7F 4] AVlE A
saiich zH 4] A7) 0~255 Alol9] grog AtiFel AVE
Fdskolon, FA= o] Age] whlgste] Ao] Y= g
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Figure 3. Calibration curve of colorimetric signal with L. pneumophila
concentration. Solid line is first-order calibration curve and dashed line
is signal intensity obtained from control sample without L.
pneumophila.

A2 kg vk TheFEt L pneumophila S8 910IA 2
A A S E A FXSHE 7S Fatste] HA] S A
e ag=e 18l on, 7 A3 Figure 33+ 2tk AMRE
L. pneumophila AN 5% e 1.3 x 10° - 1.3 x 10° CFU/mLeA]
Aolxl B Az o] A HolEl= L preumophilas E8HA] o
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3 lolEt AR A HFAE 25 7 Ak Ak AY ARG
1719} AE kS Figure 30l 32718311, A3 dlolE 11e] 4
A9 (correlation coefficient)= 0.955% wll-¢- =7 A= §lc) what
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3.3. BOd AEZIO| Wi} HISA AHZ

299 FHE L pneumophila ik of e} theksh WA vgE
9%t 24 7FsAol 9}7] e, L eumophil AEE HWAXE
o] BF et ae] RS Solde] flES Heehs w4
< ¢ Fasih J"J’J]"i'lg/‘é% ] Qs SHUE o B
MO R Escherichia coli O157 :H7, Salmonella  typhimurium,
Staphylococcus aureuss ©]83t0] WAk HFS SISl
[14]. A= HARER ] v2 72 B Aol Ak AR
fols FETo] HEEAI] F, A g o] Aol RS wslgl o
(delg 0}7(] &), Ak i AEE HlaEl AFEE Al SRl
ol w| YL I pneumophllaﬂ— 5ol W3S T e 2E A,
XA 9} WA . AFE ASAEY o] t$t positive false
A5 o] gojubr] ok S ERIEISITH 4]

4.4 E
B AFoE F4H SAHELISA) Y HelazulE T &

A& A3sto] L. pneumophila 5784 HAEF] AAE A4
o e WAXNER] AAME L pneumophila®] 87374 & 2 4%
A F40l duA o AL eH, HRP ogt B g ANk o R
A Q] 7L SO L preumophilall F% 1.3 x 10° - 1.3 x
10° CFU/mL 911 AR 8785 B1.0m, 30 min o]ujef] A &
A e] F8o] 7hssiich SEuvete] % wX e I
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91 Ao A e dels B HE]4E 10° CFUL V)
Hke] w2 QbAs 4R, 10° CFUL ©]49] A$-2 o= ZA] 1
So] HaFk o AASIGIT webi B AFE S8 e &
2A9NS FRE Y AEHS fx| ekt Al ARgE)
AlA= 1000919] FFe] Q7HH, o]F flgt A Mdur) He

Sfeh. ke WelAER) A Rt Abgel] 419m, Al
ol Agel, 450l 94 8 AY wael Fseicks 398 7
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