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Abstract. Potential pathogens of foodborne toxic infections — bacterial contaminants Bacillus cereus isolated from
plant raw materials and food products from the Ukrainian region were investigated. When determining of the proportion of iso-
lated bacilli from the plant samples, it was established that the epidemiologically significant microorganisms of Bacillus cereus
as agents of food poisoning are the second largest. The average value of contaminated samples of Ukrainian plant raw materi-
als and processed products with Bacillus cereus is 36.2 %. The ability of Bacillus cereus strains identified by a complex of
morphological, tinctorial, cultural and biochemical properties, to produce specific emetic and enterotoxins was studied. Molec-
ular genetic diagnosis and detection of the toxin-producing ability of isolated 42 Bacillus cereus strains showed both the possi-
bility of their rapid identification and the presence of specific toxicity genes. Multiplex polymerase chain reaction (PCR) was
carried out with specific primers to detect toxicity determined of various bacilli genes: nheAd, hblD, cytK, cesB. The distribution
of toxigenic genes is significantly different among the Bacillus cereus isolates from various sources. The nheA, hbID and cytK
enterotoxin genes were detected in 100, 83.3 and 61.9 % of the investigated strains of Bacillus cereus, respectively. The cesB
gene encoding emetic toxin was detected in 4.8 % of strains. Molecular-genetic PCR-method confirmed that all the isolated
strains belong to the Bacillus cereus group, and the ability to produce toxins can be attributed to five groups. The main toxins
that produce the investigated Bacillus cereus strains were nhe and hbl enterotoxins encoded by the corresponding genes of
nheA and hbID. The enterotoxic type of Bacillus cereus was predominant in Ukrainian region. Studies of domestic plant food
raw materials and products have confirmed the need to improve microbiological control of product safety by introducing ac-
celerated specific diagnostics of contaminants by molecular genetics methods.

Key words: toxin-producing Bacillus cereus, enterotoxins, emetic toxin, molecular genetic diagnosis, polymerase
chain reaction, food safety.

TOKCHUHIIPOJAYKYIOUA 3JIATHICTh IITAMIB
BACILLIUS CEREUS 3 XAPYOBOI MPOAYKIIII YKPATHH

I. B. ITnnnenko, KaHAUIAT TEXHIYHUX HAYK, JOKTOpaHT*, E-mail: inna_p@live.ru

JL.M. IInsunenko, TOKTOp TEXHIYHUX HAyK, podecop®, E-mail: 1.n.pylypenko@ukr.net

Kagenpa 6ioximii, MikpoObiosorii Ta (i3ionorii XxapuyBaHHS

I'.B. sSIM00pKoO, KaHIUAAT TEXHIYHUX HAYK, MOUeHT**, E-mail: jamborkoann@ukr.net

Kadenpa wmixpobioorii, Bipycosorii Ta 6ioTexHoorii

1. I. MapinoBa, M.H.c. BioTexHOIOriYHOTO HAyKOBO-HaBYAJIBHOTO HEHTPY**, E-mail: irina_marinova@ukr.net
*(OpechKa HalllOHANIbHA aKaJIEMisl XapuoOBHX TEXHOJOTiH, Bys. Kanatna, 112, M. Oneca, Ykpaina, 65039
**Opnecpkuil HalliOHaNBHUH yHiIBepcuTeT iMeHi. .I. Meunukosa, Byn. J{BopsiHCEKa, 2, M. Oneca, Ykpaina, 65082

AHoranisi. JIocaiKeHO MOTEHINHHI 30y JHUKHA XapUuOBHX TOKCHKOIH(EKIN — TOKCHUTeHHI OallWIIpHI KOHTaMiHAHTH
Bacillus cereus, BUiJicHi 3 POCIHHHOI CHPOBHHH 1 MPOJYKIIIT XapuoBOi MPOMHUCIIOBOCTI YKpaiHChKoro periony. CepeqHe 3Ha-
YeHHsI KOHTaMiHOBaHOCTI Bacillus cereus 3pa3KiB yKpalHCBKOI POCIMHHOI CHPOBHHH 1 NPOXYKTIB ii IepepoOKH CTaHOBUTH
36,2 %. Busueno 3gatHicTh mramiB Bacillus cereus, ineHTH(IKOBAaHUX 32 KOMIUIEKCOM MOP(OJIOTIYHUX, TIHKTOPiaJbHUX, KYy-
JIBTYpaIbHUX Ta OI0XIMIYHHMX BIIACTUBOCTEH, IIPOAYKYBAaTH XapaKTepHi eMeTHIHHH (OMoBOTHHIT) 1 eHTepoTOKcHHH. Moeky-
JISIPHO-TEHETUYHA A1arHOCTUKA 1 BUSBICHHS TOKCHHIPOAYKYUOi 31aTHOCTI BuAIeHUX 42 mramiB Bacillus cereus mokazanu sk
MOJJIMBICTD X IIBUAKOI iAeHTH(DIKAIi1, TaK 1 HASIBHICTh XapaKTEPHUX T'€HIB TOKCHYHOCTI. MyJIBTUIUIEKCHY MOJTIMEpa3Hy JIaH-
wroroBy peakuito (IIJIP) npoBoauiu 3i crneuudidHuMy mpaiiMepamu [U1sl BUSIBICHHSI TOKCHYHOCTI, IETEPMiHOBAHOT PI3HUMH
reHamu Oaumi: nhed, hblD, cytK, cesB. T'enn enteporokcuunocti nheA, hblD ta cytK BusBneni 'y 100, 83,3 ta 61,9 % nocui-
JDKeHUX WTaMiB B. cereus, BianoBiaHo. ['eH cesB, mo koaye OnoBOTHUIT TOKCHH, OyB BusiBnenuii y 4,8 % mramis. Monexy-
nsipHO-TeHeTHYHUM [1JIP-MeTos0M minTBepMKEeHO, IO BCi BHIIICHI INTAMU BiTHOCATHCS A0 Tpymu Bacillus cereus, a 3a
3JIaTHICTIO BUPOOJISITH TOKCHHH IX MOXKHA BiHECTH 10 I'TH rpyn. OCHOBHHMHM TOKCHHAaMH, SIKI IPOAYKYIOTH JOCIIJUKEHi
wtamu Bacillus cereus, € eatepotoxcrnu nhe ta hbl, konosani BinnoBinaumu renamu nhed ta hblD. B yxpaiHCbkOMy perioHi
HepeBaka€ eHTePOTOKCHYHUN THI Bacillus cereus. JlociipKeHHs BITIU3HAHOI POCIMHHOI XapuoBOi CHPOBHHU Ta IMPOIYKTIB
HiATBEpIWIN HEOOXIAHICTh YAOCKOHAJICHHS MIKpPOOiOIOTIYHOTO KOHTPONIO iX 0E3MeYHOCTI IUITXOM BIIPOBAKEHHS IIPUCKO-
peHuX crnenudivHuX JiarHOCTHYHUX MOJIEKYISIPHO-T€HETHIHUX METO/IB.

KuiouoBi ciioBa: TOKCHHIIPOayKytoui Bacillus cereus, eHTEpOTOKCHHH, EMETHYHUN TOKCHH, MOJIEKYJIIPHO-TCHETUYHA
IIarHOCTHKa, ToJIiMepa3Ha JaHIIOr0Ba peakilis, Oe3rneka Xap4oBUX MPOAYKTIB.
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Introduction. Formulation of the problem microbiology, which are time-taking, based on the

phenotypic characteristics of microorganisms and are

Regulated methods of diagnosing the safety of i ! Fgant :
not always able to diagnose their toxigenic properties.

food and raw materials are classical methods of food
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Analytical information on the inaccuracy of indication
of bacillary food poisoning, the need for a preventive
analysis of the risks that aerobic and facultative-
anaerobic spore-forming microorganisms of the genus
Bacillus, cause the urgency of their detection by
accelerated modern methods. Such diagnostics will
allow to produce new competitive food of guaranteed
quality and microbiological safety [1,2].

Analysis of Literature

Food poisoning caused by the presence of Bacillus
cereus in foodstuffs is recorded in almost all countries [3,4].
According to the Center for Disease Control and Prevention
(CDC Foodborne Outbreak Online Database), more than
60000 cases of diseases caused by B. cereus are recorded
annually in the United States. Bacillus cereus, a rod shapes,
gram-positive, spore-forming food pathogen, play an im-
portant role as the causative agent of diarrheal and emetic
types of food poisoning [3]. The diarrheal type of food poi-
soning is caused by heat-labile enterotoxins such as hemoly-
sin BL (%b/), nonhemolytic entrotoxin (r/e) and cytotoxin K
(cytK). The hbl- and nhe-complex both consist of three pro-
teins (tripatite toxins). Cytotoxin K is a pore forming toxin
cause necrotic enterotitis. The diarrheal syndrome, including
abdominal pain and diarrheal symptoms, appears 8 to 16 h
after ingestion of contaminated food. The emetic syndrome,
which is characterized by nausea and vomiting within 1 to 5
h after ingestion of contaminated food, is causes by emetic
toxin cereulide, a depsipeptide structurally related to potas-
sium ionophore valinomycin, which is produced by a nonri-
bosomal peptide synthetase (NRPS) and coded cesB
gene [4].

Bacillus cereus can cause people a wide range
of diseases, including food poisoning, systemic and
local purulent infections, including Lightning sepsis,
meningitis, brain abscess, endophthalmitis, pneumonia,
endocarditis, osteomyelitis, skin gas gangrene
infection, etc., and mastitis of cattle in animals. It is
noted that some patients with vomiting symptoms with
bacillary food infection are erroneously diagnosed with
an intoxication syndrome caused by Staphylococcus
aureus, whereas the false diarrhea-causative agent of
this toxicoinfection is Clostridium perfringens [2-5].

Concerning the methods for the determination
of Bacillus cereus, it is known that the characteristics
of metabolic properties of the pathogen are often used
as identification tests, which are part of standardized
methods of analysis, and this does not always allow a
clear differentiation of pathogenic agents from non-
pathogenic, phenotypic-like pathogens [5]. Bacillus ce-
reus group was divided into emetic- and enterotoxin-
producing strains, but emetic toxin-producing
B. cereus is difficult to detect immunochemically [6].
This reduces the probability of the results of the analy-
sis, complicates the assessment of the prevalence of
pathogens in food and raw materials and does not
guarantee the unjustified defects of products.
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The aim of this study was to identify and detect
entero- and emetic toxin-producing bacteria among
Bacillus cereus strains, isolated from Ukrainian food
plant raw materials and products.

To achieve this aim, you must accomplish the
following tasks:

1) to determine the species composition of bacilli
contaminant isolated from Ukrainian food plant
raw materials and products;

2) to establish the contamination of samples of
plant raw materials and products of its pro-
cessing with epidemiologically significant mi-
croorganisms of B. cereus;

3) to detect the genes of toxicity among investigat-
ed B. cereus strains;

4) to identify the major toxins among B. cereus
from Ukrainian region.

Research Materials and Methods

The widespread and industrially grown kinds of
vegetables, fruits, berries, in particular, green peas,
beetroot, tomatoes, carrots, apples, pears, plums,
peaches, dill, spinach, parsley, strawberry, a number of
canned and dried products, and also spices have been
investigated [5,7]. Samples of tested materials were se-
lected according to standardized selection rules for the
average sample [8,9].

The reference strain B. cereus ATCC 11778 and
42 bacilli strains isolated from food plant raw materials
and products, and according to the results of previous
studies, identified as B. cereus by studying their
morphological, tinctorial, physiological and
biochemical characteristics and fatty acid composition
of cells [10]. Also in the study used collections bacilli
strains: B. cereus UKM B-5671, Paenibacillus poly-
myxa B-5760", P. macerans B-5803".

Samples of food for PCR were prepared by the
priority method developed by us [10]. Multiplex PCR
was performed using specific primers to bacilli se-
quences according to Zhang et al. [11]. DNA was iso-
lated from the samples using the SureFast® PREP
Bacteria F1021 (CONGEN, Germany). The following
4 pairs of specific oligonucleotide primers for the tox-
icity genes were used. Also the following pairs of spe-
cific oligonucleotide primers for the groEL gene were
used which is characteristic of all strains of the Bacil-
lus cereus group (Table 1).

PCR cycles are are primary denaturation at 95 °C for
5 min, 40 cycles of denaturation at 95 °C for 1 min, anneal-
ing at 58 °C for 1 min, elongation at 72 °C for 1 min, final
elongation at 72 °C for 7 min (Thermal cycler with BioRad
software, USA). Primers were chosen on the basis of litera-
ture data [11-13] and synthesized by SPC "Simesta VAAL"
(Odessa, Ukraine). Composition of the mixture for PCR:
supermix — 10 pl, specific olygonucleotide primers for the
toxicity genes— 6 ul, DNA — 2 ul, H,O — 2 ul, amount of
PCR mixture — 20 pl. As a negative control PCR-mixture
without DNA was used. Electrophoresis of PCR products
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was carried out in a 1.5% agarose gel. Trisacetate buffer was
used (Equipment for electrophoresis of PCR products from
BioRad, USA). DNA was stained with ethidium bromide
(0.5 pg/ml) and photographed with a video system (BioRad,
USA) under UV light (wavelength 312 nm). A visual evalu-
ation of the size of the formed amplicons was carried out us-
ing molecular weight markers (pBR322/BsuRI, Fermentas,
Latvia).

The bacillary contaminants of the investigated
samples are given in Table 2; the Subtilis-licheniformis
group in Ukrainian food plant raw materials and prod-
ucts is the most numerous one. By determining of the

proportion of isolated bacilli from the plant samples, it
was established that the epidemiologically significant
microorganisms of B. cereus as agents of food poison-
ing are the second largest.

The obtained results allow us to estimate the es-
sential component of the epiphytic microbiota of plant
material, which forms the so-called residual microbiota
of products of its processing. According to a number of
researches [2-5,10,12], the control of semi-finished
products and finished products is based on the deter-
mination of the presence and number of these microor-
ganisms.

Table 1 — PCR primers used in the study

Target toxin gene Sequence (5'-3") Amplicon size (bp)

nheA GTTAGGATCACAATCACCGC 617
ACGAATGTAATTTGAGTCGC

hblD ACCGGTAACACTATTCATGC 465
GAGTCCATATGCTTAGATGC

cytK GTAACTTTCATTGATGATCC 800
GAATACTAAATAATTGGTTTCC

cesB ACCCATCTTGCGTCATT 154
CAGCCAAGTGAAGAATACC

groEL GTGCGAACCCAATGGGTCTTC 400
CCTTGTTGTACCACTTGCTC

The results of the research and their discussion

Table 2 — Species composition of bacilli contami-
nant isolated from Ukrainian food plant raw mate-

rials
Bacilli group % of total bacilli count

Bacillus subtilis-
licheniformis 20-37
B.cereus 10 —31
B. megaterium 6-21
B. pumilis 4-13
B. thuringiensis 4-13
Paenibacillus polymyxa 3-14
P. macerans 2-9
B. circulans 2-7

The microbiota of plant material is diverse, but
the micellar and non-mecidal mushrooms in thermally
processed products are less dangerous to the consumer

than spore-forming bacteria [5]. The prevailing number
of bacilli —potential pathogens of food spoilage,
among which the possible presence of pathogenic spe-
cies (B. cereus), makes it urgent to search for acceler-
ated and expressive methods for their diagnosis. In lit-
erary sources, we did not find systematic information
about the microbiota of plants isolated in Ukraine;
therefore the given results are new and necessary from
the point of view of their practical use.

During the production of canned products, the
main source of infection of B. cereus serves as the
main raw material and auxiliary materials [4,5]. Since
microorganisms in this group cause foodborne diseases
and are potentially enterotoxic to humans, the ability to
quickly detect B. cereus in plant material is crucial.
Data in table 3 shows the quantitative characteristics of
contaminated B. cereus plant material, which is pro-
cessed industrially.

Table 3 — B. cereus contamination of plant raw materials and products of its processing

Number of | Number of samples Proportion of
Product type samples, n | that contain B. cgreus contamin;)ted samples, %
Dried herbs 13 8 61,5
Spices 15 8 533
Fresh vegetables 20 10 50,0
Dried vegetable mixes 16 7 43,7
Canned food with signs of spoilage 9 3 333
Fresh berries 11 3 27,3
Vegetables boiled in vacuum polymer bags 17 2 11,8
Fresh fruit 15 1 6,7

Comparing the results with those given for
plants from the city of Mexico, it is possible to note
practically the same trends of detection of B. cereus —
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50.0 % and 57.0 % for the Ukrainian and Mexican re-
gions, respectively [4]. The average value of contami-
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nated samples of Ukrainian plant raw materials and

processed products with B. cereus is 36.2 %.

Percentage of strains containing enterotoxin
genes nhed, hblD and cytK among investigated B. ce-

reus strains was 100, 83.3 and 61.9 %, respectively.
The cesB gene encoding emetic toxin was detected in
4.8 % of strains (Table 4).

Table 4 — Distribution genes of toxicity among Bacillus cereus strains from different sources of Ukrainian
region

Toxin gene Bacillus cereus strains with genes of toxicity (n=42), isolated from Total.%
Vegetables Fruits and berries | Canned products Dried products ’
nheA 16 10 8 8 100
hblD 12 7 8 8 83.3
cytK 12 4 9 1 61.9
cesB 1 - 1 - 4.8

The results suggest that the examined dried
products, fruit and berries were free of the emetic toxin
but not free of enterotoxins and the distribution of en-
terotoxic genes is significantly different among the B.

cereus isolates from various sources. All investigated
strains of B. cereus were divided into 5 groups accord-
ing to the presence or absence of toxic genes (Table 5).

Table 5 — Emetic and enterotoxin genes profiles in Bacillus cereus strains from different sources of Ukraini-

an region
Group nheAd hbID cytK cesB Number (%) of strains (n=42)
I + + + + 2 (4.8%)
1 * * * - 7 (16.6%)
111 + + - - 9(21.4%)
v + - + - 8 (19.0%)
\Y + - - - 16 (38.1%)

Only 2 strains from group 1 (4.8 %) have to
ability to cause both diarrheal and emetic type of food
poisoning. Group II (7 strains, 16.6 %) contained the
nheA, hbID and cytK enterotoxin genes, but no cesB
encoded emetic toxin. Group V was the major patterns
and represented 38.1 % strains. The reference strain B.
cereus ATCC 11778 has all the tested genes of

toxicity.

Figure 1 shows the electrophoregram of PCR
products of some strains of bacilli with specific
oligonucleotide primers to the groEL gene, which is
characteristic for most representatives of the Bacillus

cereus group, and 4 toxic genes: nhed, hbID, cytK,
cesB.

1000

nheA 617 bp

hbiD 465 bp
gro EL 400 bp

300

Fig. 1. Electroforegram multiplex PCR products with DNA some bacilli strains with a specific oligonucleo-
tide primers to the groEL, nheA, hblD, cytK, cesB genes: 1 — MW marker (pBR322/BsuRlI, Fermentas), 2 - negative con-
trol PCR; 3 - B. cereus I190-1 (from carrot), 4 — B. cereus 1190-4 (from zucchini), 5 — B. cereus I190-9 (from eggplants), 6 —

P. macerans B-5803", 7 — P. polymyxa B-5760" , 8 — B. cereus UKM B-5671.
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B. cereus T190-1 (from carrot) and B. cereus
I190-4 (from zucchini) contain only the nhed toxic
gene and belong to the greatest group V. B. cereus
I190-9 (from eggplants) from group III has 2 genes of
toxicity: nhed and hbID. Reference strain B. cereus
UKM B-5671 forms only the amplicon size 400 bp to
the groEL gene. For the use of DNA of Paenibacillus
polymyxa and P. macerans no amplification product
was obtained.

These finding revealed that nhe and hbl entero-
toxins encoded by nhed and hbID genes were the ma-
jor toxins among B. cereus investigated in this study
and enterotoxic type of B. cereus was predominant in
Ukrainian region.

For modern sanitary quality and safety control
of food content of aerobic and facultative anaerobic
microorganisms-contaminants of the genus Bacillus
considering Ukrainian environmental conditions and
principles of HACCP needs to develop molecular
genetic accelerated methods of their identification. Our
research of contamination of emetic- and enterotoxin-
producting strains Bacillus cereus raw materials from
Ukrainian region are original, although these results
are good agreement with food products investigation
from Mexican, Dutch and Korean regions [3,4,12].
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AHHoTaums. VccnenoBaHbl NOTEHIMATIBHBIE BO30YIUTENN IHIIEBBIX TOKCUKOMH(EKLINH — TOKCUTCHHbIE OanyuIsp-
Hble KOHTAMUHAHTBI Bacillus cereus, BbIICICHHBIC U3 PACTHTEIBFHOTO CHIPBS M MPOJYKLMH IHIIEBOH IPOMBILUICHHOCTH YKpa-
UHCKOro perroHa. CpeiHee 3HaYeHHEe KOHTAMUHUPOBAHHOCTH Bacillus cereus 00pa3LoB YKPaHHCKOTO PACTUTENBHOTO ChIPbS U
MIPOIYKTOB €ro nepepaboTku cocrasisieT 36,2 %. M3ydena ciocoOHOCTh mTaMMOB Bacillus cereus, RAIEHTU(QUITIPOBAHHEIX 10
KOMILIIEKCY MOP(hOJIIOTHYECKIX, THHKTOPHAIBHBIX, KYJIbTYPaIbHbIX, OHOXHMMHYECKUX CBOKCTB, MPOIYLHUPOBATH XapaKTepHbIC
9METHYECKUH (PBOTHBIN) ¥ DHTEPOTOKCHHBI. MOJEKYIIPHO-TeHeTHYeCKas TMAarHOCTHKA U BBISBICHHE TOKCHHIIPOILYLHPYIO-
el cnocoOHOCTH BBIJICTICHHBIX 42 mTaMMOB Bacillus cereus moka3ay Kak BOSMOXKHOCTB HX OBICTPOil naeHTH(UKALNY, TaK 1
HaJIN4Me XapaKTEePHBIX T€HOB TOKCUYHOCTU. MyJIBTHIIIIEKCHYIO ToJIuMepasHyto nennyio peakuuto (I[1LIP) mpoBoaumu co cre-
uuduuecKkuMy npaiiMepaMu [Uisl BBISBICHHS TOKCUYHOCTH, JCTSPMUHUPOBAHHON Pa3iIUYHBIMU TeHaMu Oatwii: nheA, hblD,
cytK, cesB. I'ennl enteporokcuunocty nheA, hblD un cytK Beiasienst y 100, 83,3 u 61,9 % uccnenoaHHbIX mramMmoB Bacillus
cereus, COOTBETCTBEHHO. ['€H cesB, KOMUPYIOIIMH PBOTHBIN TOKCHH, ObUT OOHapyxkeH y 4,8% mramMmoB. MonekysipHo-
reHeTrueckuM TTLIP-MeToj0M HOATBEPIKACHO, YTO BCE BBIICICHHBIE IITAMMBI OTHOCATCS K rpyrne Bacillus cereus, a no cno-
coOHOCTH BBIPabaTHIBATh TOKCHHBI MIX MOXKHO OTHECTH K ISTH rpynnaM. OCHOBHBIMH TOKCHHAMH, KOTOPBIE IPOIYIUPYIOT HC-
ciexyemble mraMMbl Bacillus cereus Obimn 3HTEpoTOKCHHEI nhe 1 hbl, KoxMpOBaHHBIE COOTBETCTBYIONIMMH T'eHaMU nhed u
hblD. B ykpauHCKOM perHoHE MpeobsiafiacT 3HTEPOTOKCHUecKuid Tunl Bacillus cereus. VccnenoBaHue OTEYECTBEHHOTO pac-
TUTENBHOTO MTUIIEBOrO CHIPhS U IPOAYKTOB MOATBEPANIIO HEOOXOJUMOCTD COBEPILICHCTBOBAHHUS MHUKPOOHOIOTHYECKOTO KOHT-
poJisi X O€30MaCHOCTH ITyTE€M BHEAPEHUSI YCKOPEHHbBIX CHELH(PHYECKUX JUArHOCTHYECKUX MOJEKYJISPHO-TeHETHYECKHX Me-
TOJIOB.

KitoueBble cj10Ba: TOKCHHNpOLyLHUpytoume Bacillus cereus, SHTEPOTOKCHHBI, SMETHYECKUH TOKCHH, MOJIEKYJISIPHO-
reHeTHYeCKas AMarHOCTHKA, HOJIMMepa3Hasi LeTHas PeakKiysi, 0e30I1aCHOCTh MHIIEBBIX HPOIYKTOB.
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