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. A rapid and sensitive detection technology is highly desirable for specific detection of E. coli O157:H7,
. one of the leading bacterial pathogens causing foodborne illness. In this study, we reported the
. rapid detection of E. coli O157:H7 by using calcium signaling of the B cell upon cellular membrane
. anchors anti-E. coli O157:H7 IgM. The binding of E. coli O157:Hy to the IgM on B cell surface activates
. the B cell receptor (BCR)-induced Ca>* signaling pathway and results in the release of Ca** within
© seconds. The elevated intracellular Ca** triggers Fura-2, a fluorescent Ca** indicator, for reporting the
: presence of pathogens. The Fura-2 is transferred to B cells before detection. The study demonstrated
© that the developed B cell based biosensor was able to specifically detect E. coli O157:H7 at the low
. concentration within 10 min in pure culture samples. Finally, the B cell based biosensor was used
. for the detection of E. coli O157:H7 in ground beef samples. With its short detection time and high
. sensitivity at the low concentration of the target bacteria, this B cell biosensor shows promise in
. future application of the high throughput and rapid food detection, biosafety and environmental
© monitoring.
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Detection of E. coli O157:H7 in pure culture. The “evel pedB <ell| i cen  r¥va_evaluste? frtpe
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Ca** an* Mg’ fiee HBSS), 10° cell /L. NC5: B cell, (Fura-2, Ca>* an Mg? - fiee HBSS), 10° cell_/p L. C6:
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E.c4i O157:H7 in therange f< neentrati n fi #v 10"t 10° CFU/ML. All Jarh jy Vvn i mesh e
an? -value | taine?y y unpaired t-tet. (v -tailed v >0.05,* <005 <001, n=4). (b). Pl t ftie
i 1orelp noe Pura-2rati ot H erent < neentrati n. PLPSwe tradke™ fi m E. ¢ 4i O157:H7 V1 yicly
l.s equal t | acterial « neentrati n_ fi tn 10"t 107 CFU/mL. All "etash Vi i meant e an® -value

L taine"'k.y' unpairedt-te t. (M -tailed " >0.05,* <0.05,** <0.01, n=3). (¢). Inclu_ivity te # an+
* c]usivify tesf t < mpare the B CellLi S?er\S 1"5 1'eSPP n.e t fﬂ'ge’r an*n n-targzefk acteriaspecies at 103
CFU/mL. All aerash Vinio meant el an® —value | taine? y unpairedt-te t. (B -taile? s > 0.05,

* <005, <0.01, n=3). (d). ROC curve_ f1 all enlitivity ‘et an< pecificity et Vit }y tiyre replicare,
ih 5, acteria pure <ulture < nucted < ntinu uly f1 30mvin.

0.7319 t 0.8484, in "-icatin;_ythat the B Cellki en_ r'va_ accurdte in thpe Jetecti n range. It i I erve™
< s s ) , < s bs
tiat AUR value % ppet~ 0.7817 an=0.7885 " en tjye < neentrati n fE. c di O157:H7 incréd et
10* CFU/mnL an+ 10° CFU/mL, re_pestively. {hen 10° CFU/L L. m sy genes, S. Typirurium,
an? V. aahaem dy ‘iq;s Wvere fesfei, the AUR value, % ppett 0.5689, 0.5028 an=0.6001, re_pectively.
?

SCIENTIFIC REPORTS | 5:10598 | DOI: 10.1038/srep10598 5



www.nature.com/scientificreports/

Detection of E. coli

SCIENTIFIC REPORTS | 5:10598 | DOI: 10.1038/srep10598 6



www.nature.com/scientificreports/

In the %etecti n fE. ¢ 4i O157:H7 in pure <ulture, the B celly i en 1 pr vide?an increa_ing ignal
rep n.e'vjyicly i linear in relati nt tje | paritjyn fE. ¢ 4i ©157:17 < ncentrati n (10210% CFU/
mL). The rati | egan t v pVvjen the < n<entrati n f E. ¢ di O157:H7 Wra_ 10* CFU/mL an+ 10°
CFU/mL, pry 3'lyy ecau e flye hiply NUKy er fE. cii<ell tri_ggere“-'rhe B cellse pan i n an-ap pt -
Sis5°, <4, equéntly BCR-in%uce® Ca?* Si_gﬂalin_g"‘as interfere® T verify it, twe equivalent agn unt_ f
* ‘rraCteéLPS fit o E. cidi O157:H7 “vere "'e‘recfe"x y t].,iS B Ceﬂki en_ 1. A_ _Ja Y0 in Fig. 33, tje rati
increa e linearly Wity an increa_e ftle equivaleft am unt_ ¥LBS (101-10°CFU/L). Ti i_ < n_i_tent
\;:h a recent Stu"ysh \nng'rhe 3 ility fB cells t preeent ?nflggalen—de1lve4 pepti ‘1es t T cel ls \Vas alS

penent n'tle 3 unt fantigen fethere® n e Mefy rane’’,

In the elective Jetecti n fE. ¢ 4 O157:H7 in pure <ultfire, ur reult. o Vretpat n n pecificy in

ing %4n tleatt _ignificant increase in the rati Wity repect t fe < nfr 1in this Beell;i &n 1.
Our re ult_ al, S].,‘%e"-tl.,at the MA . nthe urface fBcell are pecifict O-antigen an“-t'hein f

Gram-negative, acteria, Vv yicly Mipht'y3ve cau e"-leSS rep net EREC (n n-0O157) 5n"-Grarn-p Sitive

acteria ucy @' L. m.an 4?/ <genes an+ Lacvj}acil];s fan‘cﬁ/ m, re pectively. In Fip. 3¢, tie tati tical
analysis f -value § 3e™ hi-tet) Jp¥v ipnificanp % erence . eMreen inclu_ive, acteria an ‘e clu-
sivey acterip (Suppﬁephenfary T3 le Sg), W Yrever, it i rec _gnize“- tjRat 'rhesignal fall*E. ¢ 4i O157:H7 in
tle ihelu_ivity te t may neet } e furtper amplifie™ t en ure tje true p _itive 1 true negative re ult.
f1real 4 apvple te_ting. ’

Base"- n ROC <urve in Fig. 3% it i_ quite eviZent tyat the B <ell; i en_ 1 o, 39 4 _pecificity an
. L . - 3 . ) s s .
1t§ “detecti n i repr duci le an“-the rafi 1 taine® fir the 10" min % ul']'l“%preserlf the 1'e$ults 1 taine™
fi' #v 10vin £ 30 mvin “dring tie Jetecti 1! Since there™va_ n Significant & erence 3 < rparet the
< ntr ™pen E. ¢ di O157:H7 < n<entrati n‘fvas 10' CFU/IL, the Jetecti n range ftpey i seng 1 fr
E. cii 0157:H7“-’1S 10%-10° CFU/mL. ’

Frtpe detecti n f; acteriain tlae pure <ulture, tl.\iS B cellLi en 1 ha"-a detecti n limit £5.9%x 102
CFU/mL. An a%iti nat feature ftigiy i ceno 1 it rapi dnaly i titne f10vin. Tt iy rter tlyan
Mty i cening metly -1.5 Vi icly Wave Phe Jefecti n imit. in the 13nge f102 t 10* /mL, ucly
a urface plam n re nance (SPR)%, enzype-linke® ifpvun ¢ j ent 3 ay (ELISA)”, E&:r pric>
an* quartz crystal micr | alance (QCM)*>>. E. ¢ 4i O157:H7 ) acteria’a 1Wa 7 CFUMere tecte™ n
the SCreen-prinfe"- ca A electr “e (SPCE) seng 1in 70 b, an 10 CFUS/rf\L Vvere "efecfe‘l-k Y the
I ngrange urface pla’™ n-en wance® flu re_cence Jpectr < py (LRSP-ES) in 40 min®. There ar'e al,
Mep i cen 1 Vit a1 M Jetecti nlimit ana j 1t Jetecti n titne, ucly 3 67 CFU/MLMvere “etecte

y 3 [eral-fl Vv ipmvpevun o sen 1y 3 e* n electr _pun nan fie an* < n-uctive Magnetic nan par-
ticle (MNPS) in 8 min®,*500 @FUfg in lettuce Were als "efede‘fky CANAR_ (<ellular analysi an
n tificati n fantigen 1i k. an yiel®) sen rinle  tian 5evin'’ An 5tu“-y, jince nly 30pL tet

amvpleVva u edineacVvell f 1 detecti n, fiae B <ell] i _en 1¥va actually g let Jetect 18 cell fE.
¢ 4i 0157:H7. Ifs fe ¢ ncentrati n pr Ce“'ureS Wvere &ppslieiin Jample prepafati n, the “etecti n ligit

ftwe Beelly i en 1< ul"-L e furtper itvpr vedt tpelevel f_everal cell per L. Thi | i en 1 <an
1€ easily Pda‘re“- in Safﬁple'han "-ling__y an+ preparati n fr fultiphe tests,‘/v W<k has ‘r].,e'p tential f 1
tapi, high it Ughkput detecti n ff JL' Ime patly gen .

Frtpe detecti n fL acteria in gr UIH'L eef 'rhis B cellLi en r ha"- a Jdetecti n limit £8.6x 102
CFU/mL (26 CFU in 30L tet apple) rep'n "ingf E. c 4 ®157.87 in the gt un‘\L eefie tract _ample.
Acc 1"'-in;3t the Stafistical anaysis, the Speciﬁcitysigzniﬁcance ffau._aet an?n n-far;‘k'r acteria je‘rec‘re“-
in the pure culture an< tie g undy eef are liphly % erent. It may| e fuet f ‘-L'Parficulate an+
high]eve] fk ack_gl' un = pricr L itafr . eefe tract H ectte= the _eﬂsiﬁvity f’rhis B Ce”k i eng .

The a ant%lges ftue 1'api“- 1'eSP net e antigen fB cell anS tpe Serlsifivi’ry t Caz™ ?Ful-a-z
Were ¢y inedt” Jevel p i C3* -indicat 1| a et B celly i en 1 vhick ucce fully etecte?d E.
cdi O157H7 at a 1% Jetecti'n limvit anin 3 1t time in* ty pure culture an¥'gr uny eef The
iain jur He that refain i thy3t tiye B cell, tetn elve, are n’ < mparg ly tq 1€t T twery senging
elerﬂenfs ucl aS ant'L e I nuc<leic aci prje. The i;‘ma] rep ne vﬁl-ieS * fryy atcit L'afch, an =
i_influence® pnainlyk‘y tiye <ell’ vig ility, <ell < *ncentratt n an'll‘rhexe » Singfifﬁe after | a‘]-ihgz Fura-2.

vers me thi wut e, freg hfy prpare B cell, are preferre?, an tpe < ntr l neett | e empl yed
fr eacy atcly te t. ’

In utmary, B cell MARC 2988 1 ae* Wity Ca?* -inheat 1 Fura-2 Wa ucce fully “evel pea
a < nvenient an* _en itive, i _en 1. By uing E. ¢ 4i O157:H7 a_a m “el target patly pen, thye target

acteriaVvere Jetect wlea_uring the intracellular Ca>* < ncentrati n <au_e% y BCR inuce® Ca2*
Lacteua' vere ecte LY L E o] 1., : N caug ¥+ 3
P ..J'Thls B <ell Y ase‘-L' igencr ey ine? tye pr pertie, ftue senitivity f C¥* fFura-2 an?tje
rapitre p n et the arttj % B cell.

The re uli, y Yved tik there p ne  ftie Jevel ped B cell| i en 1 ¥vere enitive an? pecific
Wity @ Jefectt n limit a 1% 3 10° C UL iny tl pure culture®an? g un eef\vitpin 10 min. The
< %inmi n ftue flure cently 1 a<%e+ B cell % pecifically apain t E. ci O137:H7 an® a picr plate
rea=tr Will pave tpeWvay fr ‘lesi;znin‘gB Ce"k ase.]'ki sen 1 ‘"i'rh feE.lfureS feay perati n, 1 W-c R
an“i Wikt UpkpUt f.r f ¥tectin fpdty geh n (afery i afety, clinical iagn i an™
envir nivental fv nit ring. ’
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Methods
Reagents. Duj ecc’ m dified Eagle. me%um (DMEM), Duj ecc L™ dified Eagle. medium
Wit ut phaen | réds (Di/IEM Wit ut PR), heat-inacfivate"- fetaﬂL vine serum (FBS), Hankf 1 alance*
alt  Tuti n (HBSS), Ca** an* Mg?*-fiee HBSS, MEM n n-e_ehtial amin aci '15 (MEM NAR), 0.4%
Tiypan Blue S luti n, Fura-2/AM an*0.5M EDTA “ere purcha e fi m Life Tecjyn | gie, (Carly a%,
CA, USA). AllL acteria culture preium “vere purchase"- fir BB (Sparks, MD, USA). G at antipn 'use
IpM-HRP (j 1'era%i y perx i%ae), Lip p ly accparie (LPS) % tracti n kit an? ilver taining Kit
Vrere | taine™ o Ii D (A D Ser te, USA), Intr n Bi tecn | gy (Gye nppi-+, K rea) an*Sang n
Bi tecR (Swangdi, China), 1‘especfively. Al ther reagent Wvere Lfaine"- i Sigina (St. L uis, MO,
USA). All  Tuti n, an“-k th erg use“-in thi. tuyMvere prepare ih Sferile Je-i nize® (DI) Yater fi
Millip re Direct-8y tem? (Billerica, MA, USA).

B cell lines and culture conditions. The B <cell line MARC 29F8%va 1 taine* it ATCC (Amverican
Type Culture C llecti n, Mana_a_, YW; ATCC nufy er CRL-2508). 'fhe' 1'_ganisff' f'rl.,iS B <ell line i
mou e, <ell type iy 1% ma B lymply cyte, andiPtype i IpM. It Va1 utinely <ulture? in DME
upplemente Writh 4MM L-glutamine a%u tedt < ntain 1.5g/L o iub icay nare, 45g/L glue e,
1v 1% MEM NAA 3n+10% weat-inactivate > FBS. The cell Were culfurear 37°Chn a pumiar” phere
< ntaining 7% CO, Liqui=nitr gen- t 1e*MARC 29F8 <ell_ (pa age nupy er | eMveen 5 an™ 103"'e1'e
Jupendedararai  f1:10inthe < mplete reum antg Yin £ 172 MARC 2F8 cell_Mere pa age
again in DMEM Wity 1 Mitly ut plen | re“-supplefﬂente“-\ﬁth 10% Reat-inactivate FBS in T-33 an+
T-75 fla kS (Fale n, @ nar? USA) until thaey 1'ea':he"- t al garithinic pua e f;zr Wty (usually 72 W)
afterMviaich they“vere u_e* f re periment_. The <ell < unt¥va_ per f rine u inga TC10 Aut tate Cell
C unter (Bi -Ra%, Hercules, CA, USA) acc 1""in;3t the rﬂl’wlr\ufacturer’S instructi n..

Bacterial strains and culture conditions. Bacterial train. u_ein tyi. tudyMrere | taine fi
tie Amverican Type Culture < llecti n (ATCC), Cuina Center = f n‘]-us’rrial C?ul'rure C lle<ti n (CICQ),
Caina Nati nal Center f1 Me%ical Culture C llecti n_ (CMCC), the Chwine ez hejiang Center f1
Dieae C nir 1 an< Preventi nf ejiang Pr vince CDC) an% hejiang Universityrﬁ; JU). The Zetaile*
inf rpari n are Y0 in Suppleentary T}"le S1 an“-T:t le S2.

Lac acilp s Slanvqr“y man% ther Jrain Were gr Y'n A MRS 1 thy an*BHI| 1 t}ar 37°C, re pec-
tively. Lis ¢ia mpin .y genes an= tier train Were culture 48 jy 3n 424 p, e pectively. The < ncentra-
ti n f| atteriain iyl S’fuJyMas “eterpninein triplicate| y enumerati n n Tryptica e S y Agar (TSA).
The “etbile?inf 1pati n i '1escr'L e in tihe Supplementdy Inf rivati n.

L]
Scanning electron microscopy (SEM) imaging SEM _ample Mvere prepare (_ee the Supplementary
Inf rgvati n) an".irfnage"-usingaHifachi TMlOOOScannin_gelectr n picr s pe SEM) (Hitachi, Japan).

Preparation of a B cell biosensor.  The B cell{ i cen, 1™ < n tructetuner terile < niti n |y
preparing B <ell_ | ade Wity Ca2t -indicat 1 Furd-2,Mit) a lipit # dificati nt fhe Med uremvent * t
|Ca*" in“vjp lecell_upeni n_u ing Fura-2%, Ing rief, f 1 flu re <ent Ca?t flu e peritent, un ¥ er-
entiak* MARC 29F8 cell Mvere Warve_te*in DMEM™vit) ut PR an"-incuN ate%at 37°C f 1 5min. B <ell
Vrere M1 e tiyee titne in HBSS affer DMEM (Mit}y ut PR) Wa_ et Ve Then the <ell u peni n
Wvere inCLkvare‘]-“i’rh 4.5nm 1 fFura-2/AM per 10° cell f 1 30#vin ar 37°C in tie “ark anifhe cell
seiment Were re upenZed in 30mL HBSS| G er. After’ incy ating fr an a%iti nal 15pin at 1 M
temperature in tpe “ark t all W f1 tpe Je-e’terificati n ff]:\é Fura-2/AM, the <ell Mere se"'irﬂenfe“-,
an“ tpen plit an<re upenein 30mL thBSSL th er an™ Ca?* an< Myg?*-free HBSS th er Mice
re pectively. ' *

(7 )

Detection of E. coli O157:H7 in pure culture. Briefly, ap 1ti n 301 Fura-21 a“e* MARC 29F8
B <ell Mvere a%eint each\vell fa 96Vvell plate, an"-fhen 30pl analyfes Vvere | ade*int the‘«ﬁeﬂ .
T a e “ynapic range {1 the micr plate reaver, v ifvupn an < pvinipue flu re_cence value, (at 340
an ™ gSBnrﬁt citati n"/vavelen_grl.g‘) Wwere Jeterpvine™ in Jeparatee perirﬁents in"‘thh Fura-2 1 ae
MARC 29F8 cell_ Mvere incy, ate Witly 0.1% Trit n ¥100 an* 4.5mM etaylene“iamine-tetraacetic
aci% (EDTA), re_pestively. Flt® re_cence va_ ev ke“-k y 340- an* 380-nfm e <itati nYvavelengtla (F340
an® F380) an* < llecte® at 510 nfe usin_g Ssynergy HY Hy ri? Multi-M e Micr plate reader (Bi Tek,
in ki, ™[, USA). Data%ra < lledte every 120_ in the plate reaZer. Data fi tn all mea urefent
Wvére presen‘re“- a_340/380 flu re_cence rati irectly repre_entative fcwange_ in intracellufar Ca2+3%
E. ¢ di O157:H7 ATCC 43888 Wa. _evially *lttein HBSS  m 6.2x10' t 62X 10° and it 59 10!
t 5.9%10°in the ptifnizati ntet an‘]-'rhe accuracy test, re PeCtively.

Equivalent apn unt, fwe tracte® LPS fi v E. ¢ di 0157:H7 ATCC 43888 Mere u_e t verify tie
linear relati ny efveen they acterial < ncentrati n antie rep ne ftie B <ell i seng . The Zetaile
inf rpati n i “'escrL edin'pe Supplementary Inf rinati n. ’

T tally, 8 ’rrslinS ah+7 SfrainS at tiyey acterial ¢ ncentrati n £10° CFU/pLMvere ue* f 1 inclu ivity
tet. an e <lu ivity tete, 1'especfively (Supplementary T3 le S1 an* T3 le S2). E. cﬁ 0157:H7 ASTCC
43838 an“nHB§S‘“Vith ut any; acteria‘vere atedint Futa-21 aZe?B &ells a thep (itivec ntr | an

]

SCIENTIFIC REPORTS | 5:10598 | DOI: 10.1038/srep10598 8



www.nature.com/scientificreports/

negative < ntr |, re pectively. The en  11ep net % erent < neentrati n  fy acteriatra caleulate
s tlye Mean value  frati fﬂeasule"-m three in“epen Jent tet .

ment Mvere < nuctedu inpg un eefie tract. The v un"k eefrere purcia e fi W3l al o <ery
Jfrea an® ¢ ntaminate™ Whthlee erent < neentrati n. PE. ¢ i O157: H7f pmpmck acterial < n-
fapvinati n. Trenty-five gramy,  for un eef*ra my ed¥ritly 2251 fHBSS in Filtra® ap (L3 pla
Inc<,, Quey e<, Cana<a) an"-s'r fmac e‘“'l'rf, St macher 400 (Sévar% N 1f 1k, UK) fr 11in. Theh the
\wa wing *luti nYva < llecte® One milliliter  fE. ¢ 4i O157:H7 <ell_ at filuti n_ £10% 10% an+ 10°
/fﬁLS‘«va5 added ol fwa ing  Tuti 0 frjge g uny eef ample, t Ltam the g uny eef
3P"ple < ntapinate* Wity E. ¢ i 015717 at 102, 10°, an+10* EFUML. Then tRe jame pr ceturd f 1
Metecti'n fE, ¢ 4i O157:H7 in HBSSVa_ f 11 Wwedu_ _ing the prepare™ g un“k eefie tract ample . The
Fura-2 1 a%ed B cell_ in the pr unJ-L eefie tract arﬂple‘*ele ueda ac ntr I'frtpetet.

Detection of E. coli 0157 H7 in iound beef. T valiate the “evel ped B <ell| i en 1% peri-

Statistical analysis. Data repre_ent Meand .e.m. (tandarterr 1 ftie Mean ) ftireese peri-
ment_. The “ataVvere analyze?; y E}mphPa"- Pri; ™ ﬂévale (GrapwPa+, San Dieg , CA). Paire™ t-te t
Mra use"-ln sesti n Optlmlzatlo'n of the B cell biosensor t an alyze the % erence 1 etreen P g up
Vel Werey  tly added Wity nine  erent < ncentrati n fE cdi O157: H7 repectively. Unpaueg-
t-te t Yva_ u %“- in the ret fie periment t analyze tie “ erence, (), efMreen g up Maicly Mere
a“-'?e‘]-‘ﬂlththe afe < ncentrati n fk acterial paty gen. <0.05%ebe ¢ n idered” lprllﬁcan’r

?
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