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SlIlIfMARY 

, " .,. Bacillus cereus C!, a gram'positive spore:/orming rod tlui{ is ubiquitous in the erux' 

ronment. B. cereus Is a corrunon: conwminant in dairy products. Food poisoni1lfJS Jrom 

lhe cOnsumption oj B. ccreWNcontaminated milk products have been reported, So. the 

aim oj tills study was establishing an casy and accurate rnetlux1 jor detection and 

ldentlfrroNon oj this pathogen, ThereJore. eighty raw mUk samples were collected.from 

d!fferent locations (El-Aris/t vally, Ei-Shekh Znid, Rajah, Al·Qosima and NekhleJ where 

-Shand goats are raised under grassing COItdWons representing the extensivc system In 

Nor(1l Sinn; gOlJ(Ytlomlc. PfI!J~iorogfC(rlJ(,(fllln:.o; were stttdict1 irtdu(Hng (aith/nase adiu

itV aJ!d Wi assa!) based on the PCR' 1l(lS beeT! developed Lo Jacilitate Ole deteCtion and 

idenUJkation oj B, cereus in milk. Two pairs Jor tile peR have been designed wit/lin the 

sequenceJor cereoiysill A [cerA), a cytolytic determinant that encode.s tecWlin hydroflJz

lng oj B. cereus. The organism was Isolated Jrom 33 raw rntik samples (41%) Jrom 

which 28 samples (84%) produced lecithinase enzyme bU conventional culturing meth· 

od, while 5 samples (15%) did not S110W ledthinase activity, With PCR assau. all {so/ut

ed strains of B. cereus gaue ampl!/lootion oj the cerA gene wilh Selected primers {Pi-PrJ._ 

R~ulls demoll..'>lmte a high Specljiclty qf the primers selected jor Lsolates oj B. cereus. 

llVTRODUCTION 

Bacillus cercus ls a gram~posltlvc spore-fonnlng rod lhat 1s ubiquitous In the environment. B. 

cereus is a COUlmon contaminant in dairy products (Lund and Granum. 1996). Food poisonIngs 

from thc consumption of B, cercus~contaminated mnk products have been reporled. 1Wo types 

of illness have been attributed to the consumpUon of foods ~'Qntaminated with B. cereus. The 

first and better known Is characteriZed by abdominal patn and diarrhea; tl has an incubaUon pe

riod 0('4-16 h and symptoms that last for 12-24 h. The second, which 1s characterized by an 

acute aUack of nausea and vomlUng, occurs within 1-5 h after l:onsumptlon of contaminated 

lood, B. cercus straios can grow al temperatures between 4 and 370C (Van Netten et al.~ 1990 

and Valsanen et a1.. 1991). and psychrotrophlc B. cercus strains can produce enterotoxin 
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(Christlanuou ~t al .• 1989, Grauum ct aI •• 1993 ud Grltnths. 1990) both aerobically and 

atlllcrobically. f<urthenuorc, UlC spores survivc heat treatmenl. especially jn foods that contain a 

lot of fat as milk and Us by-products (Kramer ud GUbert. 1989). 

Present detection methods .for B. cercus rely on standard pJate counting. HydrolysIs of leci

thin {e~ yolk reaction] is a major crttcrton for detection and identlficatlon of B. cereus on plating 

medIa, slnec most strains of the B. cercus group fe.g., B. cereus, B. rnyeoldes. and B. thuringlen

sis) possess lecithinase actiVlly. Detection of low numbers of B. cereus Is espe<:laUy difficult if the 

milk is heavily comtamlnated with other mIcroorganisms, Therefore, PeR ampUClcaUon using 

spe<:lOc pnmers would fadlttatc djrect detectlon of 8. ccreus In milk. At preaent. no sequence 

data which could serve to design specific prtmers for B. ccreus are available. and on the basis of 

165 sequencing data. It has been suggested that members of the B. cereus group represent a 

slnglc species (Asb et aL. ID91). 

In the present study. pMmcrs have thcrefore designed fol' phospholipase C of B. cereus; these 

prtmers were expected w amplify DNA of Isolates of the B. cereus group. Such a DNA test would 

1)1T)Vlde ;l{ld{iiollal Information <thaui tht:' po!cntlal risks Involved with milk and Its by~produets 

and f.-'Ould replace the platlng and other conventional methods for detectlng the presence of en· 

lerotoXle B. cereus. 

Materials and Methods 

2. I The bacterial ctraln! 

BacHius cercus slraln was obtained from American 'type Culture Collection {ATCC), catalogue 

No .. 14579. Parklawn Drive. Rockville, USA, The slraln. grown in tryptic sorya broth (Oxokl LTD. 

B..'lslngstokf'. Hampshire. UK) after addition of glucose in concentration of u.l%. Incubation was 

at 370(; for 24 hours and then washed three times by means of centrifugation (8.000Xg for 10 

mIn] In salin~ solution. 

2.2 Collection of raw milk samples: 

Goat milk samples collected from dUferent locations representing the extensive system in 

North Sinal governorate (EI-Arioll. E1-6hekh 2:oId. a..fah. AI-Qoslma ... d NeWe). Eighty milk 

samptcs were collected under complete aseptic condition where udder halves were cleaned and 

disinfected prtor to sampl1ng. The Clrat three sqUirts of mUk were discarded from each teat and 

samples were collected loto 250m) sterlle bottles and transmItted to the laboratory for bacterio

logical cxammation and DNA extraction. 
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2.3 Cultivation and biochemical typing: 

A total of thirty three BatiUus cercus strains were isolated. from raw goat's milk BiochemIcal 

characteristics of examined samples was determined by biochemIcal tests in aCL'Ordance with 

M1croblology~neraJ gulduce for the enumeration of 8. Cereus (1993). Samples were 

spread onto the surface of Mannltol-egg yolk~polymyxln (MYP) agar plates which suppJemented 

with polymexln B. and incubated for 24 hat 300(; and observed for colonies surrounded by pre

C1pitate zone, which indicates that lecithinase was produced. HaemolytIc actIvJty was dctermined 

on blood agar (tryptic soya agar supplemented vlith 5% of defibrinated .sheep blood), 

Confirmation of 8. ccrens was done as lecfthinasc-posJUve colonIes from MYP agar plates 

werc selected and transfered to nutrient agar slants, Slants were Incubated for 24 h at 300C, 

Gram-stained smears were prepared from slants and cxamlned microscopl(~ally, B. cereus ap~ 

pcared as large Cram-positive bacilli in short~ to-long chains; spores wcrc elllpsoldal. central to 

sub,t(:rmlnal, and did nol swt:ll the 8poraugtum. Loopful of cu1ture from each slant was trans~ 

ferred to tube contaIolng O.5ml of sterlle phosphate-buITered diluUon water and the culture was 

BH8jX'nded In diluent with Vorlex mixer, Suspended cultures were used to inQCul<1te the fo!low~ 

Ing coul'innatory media: Phenol red glucose broth. Nitrate broth, Modified VP medium and 

Lysozyme broth. lsolatl!.5 which 11 produce large Gram-positlVe rods with spores that did not 

swell thc sporangium: 2) produce lecithinase and did not felment mannUol on MYP agar: 3} grow 

and produce acid from giucosc anaerobically; 4) reduce nitrate to nitrite 51 producc acetyime

thylcarblnol (VP'posttlve); 6j docompose L~tyrosine; and 7} grow In Ole prt'.sence of 0.00 I % ly80~ 

zyme werc typed as B. cereus. 

2.4 DNA extraction: 

Total genomic DNA was Isolated from the baeterial strains by phenol-ehlorofoIDl extracUon, 

Bacteria werc cuUured In brain heart Infus10n broth (30oC. 18 to 48 h). To harvcst the cells. !1 

ml of the broth cuI lure was centrifuged 04.000 3 g. 10 min). After washing With 0.850/0 sterllc 

NaCl. tIle bacteria were suspended In 400 ml of sucrose solution (6.7% Iwt/voll). 25 ml of Iyso~ 

zyml' {10 mg/mt) was added, and the mixtUre was incubated for 30 min al 37OC. Afterwards. 50 

mf of 2o<M.l (wt/vol) sodium dodccyl sulfate (800) was added. and the mlxture was Incubated for 

30 min and digested with 5 fill of proteinase K solution (20 mg/m1) at 37°C for 30 min. CenomlC 

DNA was extracted tWice with I volume of phenol-chloro(oIDl-lsoamyl alcohol. After adding 0.1 

volume of 3 M sodium acetate. DNA was precipitated In ethanol, air drIed. and dissolved In 80 

ml of sterile water. The mlnlgcl method (Sambrook e.t al •• 1989) was used to quantify the ex~ 

tracl(:d D:-JA. 
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2.5 peR ampUncaUoll. 

PCRs were carried out tn 50~ml volumes which consisted of 33 jll of ultrapure stertle water, 

0.5 Jotl of 10% dlmethyi sulfoxJde. 5)l1 of a lOX reaction butTer 000 mM Tl'is-HCl, 15 mM Mgcl2. 

500 mM KC1). 5 Jotl of each deoxynucleoslde triphosphate (0.1 mM). 0,75 J.Lt of each pnmer (0.1 

J.4£/~lJ: The primers sequences showed In table (I). and 5 ml of phenol-chlomfonn-extracted DNA 

(4 ng/ml). These mixtures were held at 7fflC for 3 to 5 minutes. 1 U of Taq DNA polymerase 

(Boehringer Mannhelm) was added. Thlrty-Ove ampUficaUon cycles were perfonned In an auto~ 

lnated DNA thermal cycler (model 480; Perkin-Elmer Cetus. Norwalk, Conn.) with the followtng 

parameters: denaturation <l.t 940C for 1 min, primer annealing at 55°C for 1 min, and elongation 

at 72°C for 1 min, Durlng the last cycle. the elongation temperature was held for a total of 4 

min. Five microltters of the peR ampJiflc:.Itions was run on submarine 1.3% (wt/vol) agarose gels 

in Tlis-acetatc buffer {l.5 h at 40 V}, stained with ethldium bromtde. and photographed on a IN 

transiUumlnator, 

a) PO$ition of primer Within the nucleotide sequence of eereolysln A gene (cerA) 

RESULT AND DISCUSSION 

The development of B. cereus diagnostic assays Is important be<:ause .. thls organism produce 

proteolyUc cnzymes, many of which are toxIc for animals and human. Several seledive plating 

methods have been desclibcd for detecting B. cereus (Mosscl et at. 1967. Kim and Goepfert. 

1971. Holbtook and Andel'8son. 1980 and. Metra and. RabLnovltch. 1991:J), 

The selecUon is based on, for Instance, the ab!llty of B. cereus to grow In the presence of poly~ 

mexJn B and its leclthtnase activity. These methods often reqUire, up to 4 days to be perfonned. 

including connnnatory testing. This ls too much time-consuming when inspecting products with 

short shci{-live as milk. Anothcr disadvantage of using selecUve mctila is that the growth of other 

microorganisms is not totally inhibited by any of Ule media diagnosed to detect B, <'.ereus, 111cre

fore. we wanted to develop a rapid and reliable method for deteeting B. cereus based on the se

quence encoding for phosphoUpase C {cer AJ. 

Phospholipase C encoded by the gene cerA Is responslble for lecithin degradation. a major cri

terion for detection and Identification of R cereus, Searching the OenBank database (BenSOIl et 

at. 1993) for complementary sequences showed 100% homology With the primers of gene en

coded for phospholipase of .B. cercus (Johansen et aI •• 1988&; Johauaeu et aI •• 1988b; Yama~ 

cia et aI. 1988 and KuzmLn et aI .• 1993). No highly homologous sequences were found for oth

cr, b<:ictr:ri<:i. indicating an excellent specUlcity of the pr1mers. In this study. eighty samp1es were 
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co!iedc(L U. ,(>H'lIS slrains were Isolated from 33 samples (41 %) from which 28 samples (84%) 

prodtl('l'd lecitlHn<lsc enzyme by cultllring method 011 Mannitol-egg yolk-polymyxJn (MYPl agar 

plates while 5 samples (15%) did not show IcclUllnase emoymc production and consIdered as 

negative resule Wher) tlte same smnples re-cxamincd by PeR assay using primeI' set N-Pr (their 

sequell~(, showed 1n table I) thot -amplifies a 1.4 kb portion of eerolysfn AB gene as shown In fig. 

1, aU thirty three samples from wl1kh B. cereus were Isolated showed posltlve result {lO(')t1&l, It 

means that all of them had lecithinase tlelh1ty. Positive result by PCR assay established with an 

cgg>yolk negative B. eef(~US Isolates may !mllcate that this set of primer could also be specUle for 

atypical sLrains of S. ccrnlS (Schraft and Griffiths. 1995). 

In cOlldw,ion, 'n'e finding of a pathogen like B. ccreus In milk suppmt the well known need 

for greater care regarding health hazard critic.'ll control associated with produetlon and handling 

of milk. There Is also an urgent Heed Lo dcvt:lop methods Ulat will decrease the incidence of COll

taminaUon. especially in ready to consume producl as mnk. Furthemlore. adequate heating 

musL be ensured. and all personnel involved In milking, distrlbuUon. storage. handling should 

!)(~ aware of tht' potential risks of erOS5 eont;:tminalion. 
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Tahl ... · {t}; S~'qllt.'nl'\: (11' Ilk" lIsed primc!'!'. 

Primer Orientation Sequence Position ~ 

PC forward S' G;\G TTA GAG AAC GGT A 1'1' TAT GeT GC 3' 250 ~ 275 

1'( IkvC'rv.: 5' eTA (TC, en, eTC CA l' GAA Tee J' 638 ~ 658 

TAULE (1): Results of lecilhlna",c activity nnd peR assny for B .• :ereus strains., 

No. of H.cereu~ 51 rains 

Tnt,,) No. uf Tested for lecithinase 
Testw bypeR assay 

C\lllllilll:d l'amples Tolal Nu, of aclivilv 
isol\l'~tl II, n'rell.'> 

"usilivc Ncglltiv4! Positive Negative 

80 

1.6 

33 28 5 33 
-

2 3 4 5 6 7 8 • 10 II Il 13 14 IS 

Fig II): Dclcctffin!}f 1$1It:lfllf.\ ,..;reux in I;l'~ mill; samplcs bj' peR 05S<JY AmpliflCatioo of 
DNA, from milk Slllllple~ using \'f and r .. prilQCrs. LIII1e1 shows DNA Ladder I,kb 
(llelhcM.\1I I:l:c1>~Jrth La\xlTJlOnC5, lilq. Lane1- cuulm! positive $3mpk lor Bncdlu$ ceuWf; 
ImlC!i J, 4, 6, 1, 9, 1 !allt! !2 arc I'".'!h~ salnrlc~ ~\hilc lanes 5, g, w. 13 amI 15 ~hows 

~01l!p1C' 
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