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8 Abstract Degradation of undesirable biogenic amines

9 (BAs) in foodstuffs by microorganisms is considered one

10 of the most effective ways of eliminating their toxicity. In

11 this study, we design two sets of primers for the detection

12 and quantification of the amine oxidase gene (yobN) and

13 endogenous (housekeeping) gene (gyrB) in Bacillus sub-

14 tilis. Moreover, these sets can be used for relative quan-

15 tification of yobN by real-time PCR (qPCR). We also tested

16 the degradation of BAs by three bacterial strains (B. sub-

17 tilis strains: IB1a, CCM 2216, CCM 2267) in a mineral

18 medium over a two-day period. Their degradation abilities

19 were verified by high performance liquid chromatography

20 with UV detection (HPLC/UV). According to the results,

21 two strains significantly (P\ 0.05) reduced histamine,

22 tyramine, putrescine, and cadaverine. Moreover, our results

23 indicate that the degradation ability of B. subtilis strains

24 could be limited by sporulation because the gene encoding

25 amine oxidase (yobN) is no longer expressed in the spores.26

27Keywords Biogenic amines degradation � Histamine �

28QPCR � Primers

29Introduction

30Biogenic amines (BAs) are low-molecular-weight nitrogen

31compounds that are formed by some bacterial species in

32food and beverages during fermentation. They are indis-

33pensable components of living cells, but they may be toxic

34to human health in higher concentrations (Silla Santos

351996). The most dangerous of the BAs is histamine, which

36is responsible for the majority of food poisonings. Parente

37et al., 2001 pointed out that levels of histamine greater than

38100 mg/kg can be health threatening, thus its quantity in

39foodstuffs must be monitored. European legislation

40(Commission Regulation (EC) No 2073/2005 2005) lays

41down food safety criteria for histamine in fishery products

42of up to 100 mg/kg and for fishery products, which have

43undergone enzyme maturation treatment in brine, of up to

44200 mg/kg. However, high levels of BAs may occur in all

45fermented foodstuffs and beverages, where the threat of

46their increased accumulation is to be mainly found in

47cheeses, sausages and wine. Concentrations of BAs

48exceeding 1 g/kg have been reported in cheese, including

49histamine and tyramine as the most commonly present BAs

50(Fernández et al. 2007; Alvarez and Moreno-Arribas 2014).

51Some European countries recommend or suggest histamine

52limits in wine, which has a negative economic impact on

53the producers (Capozzi et al. 2012).

54Removing histamine and other BAs formed is very

55complicated because of their persistence. They resist high

56temperatures, even autoclaving (Zaman et al. 2010).

57Therefore, attention has focused on preventing their for-

58mation, such as, using fresh raw materials, taking hygienic
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59 precautions as well as technological procedures. Never-

60 theless, it is not always possible to prevent BAs from

61 forming, because their presence is the result of the tech-

62 nological procedure (Alvarez and Moreno-Arribas, 2014).

63 Thus, attention has focused on other possibilities. One of

64 them is irradiation, which can effectively degrade his-

65 tamine molecules, but there is a potential risk of generating

66 free radicals (Cardozo et al. 2014). Another possibility

67 could be the addition of essential oils. Latorre-Moratalla

68 et al., 2010 found that Satureja thymbra essential oil may

69 inhibit the growth of decarboxylase-positive spoilage bac-

70 teria. Cai et al. 2015 successfully used spearmint oil as an

71 antimicrobial agent for fish fillets, which had a positive

72 influence on amine reduction.

73 Probably, the most effective solution is to use

74 microorganisms, which are able to degrade amines formed

75 as a part of starter and/or adjunct cultures. This ability is

76 based on the fact that some microorganisms can produce

77 amine oxidases (AOs), which are a large group of enzymes

78 catalysing the degradation of BAs to substances that can be

79 utilised by microorganisms as a source of energy and

80 growth. These enzymes and deamination pathways have

81 been described in several studies (Yagodina et al. 2002;

82 Sekiguchi et al. 2004; Wang et al. 2013).

83 A powerful tool for searching for strains with degrada-

84 tion abilities could be real-time PCR (qPCR). This

85 advanced technique offers the advantages of speed, sensi-

86 tivity, simplicity and the specific detection and quantifi-

87 cation of target genes in one step (Landete et al. 2007).

88 Quite large number sets of primers have been designed to

89 search for strains that produce BAs (Landete et al. 2011;

90 Alvarez and Moreno-Arribas 2014; Guo et al. 2015;

91 O’Sullivan et al. 2015), whereas when it comes to recog-

92 nizing degrading strain, the situation is different. Eom

93 et al., 2015 have published primers for the detection of the

94 amine oxidase gene yobN in Bacillus subtilis strains, which

95 have showed a high potential capacity to degrade BAs

96 (Zaman et al. 2010; Kim et al. 2012). However, the

97 annealing temperature of primers is only 48 �C, which is at

98 a level where nonspecific ordinary primering can occur

99 (Hecker and Roux 1996). Hence, suitable specific primers

100 for the correct detection of promising B. subtilis strains for

101 degrading BAs are still missing.

102 The purpose of this study is to design new primers for

103 the specific detection of the amine oxidase gene (yobN) in

104 Bacillus subtilis strains, which are able to degrade the most

105 common BAs present in fermented foodstuffs.

106 This article is based on the previous study Butor et al.

107 (2017). In this study, five strains able to degrade BAs were

108 isolated from 408 food samples. These strains belonged to

109 the species: Bacillus subtilis, Bacillus pumilus, Enter-

110 obacter cloacae, Rhizobium radiobacter and Acinetobacter

111 pitii. By far the best results were seen in B. subtilis strain

112IB1a, so the attention was focused on this species. How-

113ever, during storage, this strain lost the ability to degrade

114BAs, so other strains of B. subtilis (CCM 2216 and CCM

1152267) were tested.

116Material and methods

117Strains and cultivation conditions

118The Bacillus subtilis strains used in this study (IB1a, CCM

1192216, CCM 2267) were obtained from the bacteria col-

120lection at the Department of Environmental Protection

121Engineering at Tomas Bata University in Zlı́n (strain IB1a),

122the Czech Republic or from the Czech Collection of

123Microorganisms (CCM 2216 and CCM 2267).

124Five millilitres of 24-hour culture (ca. 108 CFU) was

125inoculated into media (50 mL) to obtain the initial con-

126centration of bacteria (7.1 ± 0.3 log CFU/mL). Cultivation

127was performed at 30 ± 1 �C with shaking (200 RPM), in

128mineral medium 1 (MM1) (KH2PO4, Na2HPO4�2H2O,

129Fe(NH4)2(SO4)2�6H2O, MgSO4�7H2O, CaCl2�2H2O, NaCl,

130trace elements: MnSO4�5H2O, H3BO3, ZnSO4�7H2O,

131(NH4)6Mo7O24�4H2O, Co(NO3)2�6H2O, CuSO4�5H2O;

132pH = 7.1 ± 0.1) containing 0.05% (w/v) glucose, and

133modified nutrient broth (0.15% (w/v) NaCl, 0.1 5% (w/v)

134beef extract, 0.25% (w/v) peptone; pH = 7.1 ± 0.1). Both

135media were supplemented with 0.02% (w/v) biogenic

136amine (histamine, tyramine, putrescine, and cadaverine;

137each in this concentration), and hydrochloric acid (0.1 M

138or 1 M HCl) was added to adjust a pH of the medium to

1397.1 ± 0.1. For the control sample for qPCR, medium

140without any biogenic amines was used.

141At specified times (0, 12, 24 and 48 h), the growth of the

142cells was monitored by plate method. Cultured samples

143were serially diluted with sterile phosphate buffer (1:9),

144and 100 lL of each sample was loaded on the plate with

145MRS agar. The cells present on the plate count agar fol-

146lowing growth at 30 �C for 24 h were counted and the

147number of cells was expressed as CFU/mL. Samples for

148spore determination were heated at 80 �C for 10 min and

149then were serially diluted and inoculated on plates the same

150way as bacterial count. At the same time, were collected

1515 mL of each cultured media for the relative expression

152level and biogenic amine degrading capability analysis.

153Primer design

154Specific gene primers were designed from conserved

155sequences of the amine oxidase gene yobN. In this study,

156endogenous gene primers were designed for the DNA

157gyrase b subunit (gyrB) (Caamaño-Antelo et al., 2015).

158The sequences of the amine oxidase gene yobN and
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159 endogenous gene (gyrB) for 44 different Bacillus subtilis

160 strains were obtained from the National Centre for

161 Biotechnology Information (National Center for Biotech-

162 nology Information 2019). New sets of primers for target

163 genes were designed based on Primer Design genefisher2

164 (Giegerich et al. 1996). Furthermore, the properties of sets

165 of primers were verified using the NCBI Primer-Blast tool.

166 Primers in this study were synthetized by Merck (Darm-

167 stadt, Germany).

168 DNA extraction, Polymerase chain reactions (PCR)

169 To evaluate the primers’ specificity, DNA was extracted

170 from bacterial cells. Genomic DNA was prepared from

171 5 mL of bacterial strains that were grown in a modified

172 nutrient broth. Pellets of these strains were obtained by

173 centrifuging at 3000 9 g for 5 min. DNA was extracted

174 using High Pure PCR Template Preparation Kit (ROCHE,

175 Germany) according to the manufacturer�s instructions.

176 The purity and concentration of the DNA was measured

177 using a Multimode Microplate Reader Infinite 200 PRO

178 (Tecan, Switzerland).

179 PCR was performed by using a commercial mix, G2 Hot

180 Start Green Master Mix (ROCHE, Germany). The reaction

181 volume, 25 lL, included 12.5 lL of the commercial mix

182 (ROCHE, Germany), 800 nmol/L of forward primer,

183 800 nmol/L of reverse primer and 10–100 ng of template.

184 In addition, a negative control sample without template

185 was prepared.

186 The PCR products were separated in 1% (w/v) agarose

187 gel in TAE buffer with ethidium bromide by agarose

188 electrophoresis run for 25 min at 90 V on a 1% gel. The

189 GeneRuler 100 bp Plus DNA Ladder (Thermo Fisher Sci-

190 entific, USA) was used as molecular weight marker.

191 The partial nucleotide sequence of the amplified genes

192 yobN and gyrB were verified by sequencing with our set of

193 primers (Table 1). PCR products were purified using

194 NucleoMag� Tissue (Macherey–Nagel, Germany). The

195 resulting sequences were compared against NCBI database

196 using Basic Local Alignment Search Tool program (NCBI,

197 2009).

198Reverse transcriptase and qPCR

199RNA isolation was done by High Pure RNA Isolation Kit

200(ROCHE, Germany). First strand cDNA was synthetized

201from 1 lL RNA using a Transcriptor First Strand cDNA

202Synthesis Kit (ROCHE, Germany).

203qPCR was performed by using thermocycler CFX 96

204Real-Time (Bio-Rad, Hercules, CA, USA) with the com-

205mercial kit Fast start universal SYBR Green Master

206(ROCHE, Germany). The total reaction volume, 25 lL,

207included 12.5 lL of ROCHE mix, 300 nmol/L of forward

208primer, 300 nmol/L of reverse primer and 1–2 lg DNA.

209The qPCR conditions were: initial denaturing at 95 �C for

2103 min, followed by 45 cycles each comprising 95 �C for

21130 s denaturing, 60 �C for 30 s annealing, and 72 �C for

2121 min of extension, final extension was performed at 72 �C

213for 5 min. Data was normalized to gyrB expression.

214The baseline and cycle threshold were automatically

215calculated using C1000 Touch Thermal Cycler equipped

216with a CFX 96 TouchTM System Software, version 2.1

217(Bio-Rad, CA, USA). The melt curve analysis was per-

218formed on the same device (CFX 96 Real-Time) after the

219completion of qPCR.

220Determination of biogenic amine content

221The degrading capacity of the strains tested was experi-

222enced in mineral medium 1 and modified nutrient broth.

223Mixtures were derivatised using dansylchloride (Sigma-

224Aldrich, USA) according to (Dadáková et al. 2009).

225BAs (histamine, tyramine, putrescine and cadaverine)

226were detected using high-performance liquid chromatog-

227raphy, Dionex HPLC UltiMate 3000 (Thermo Fischer

228Scientific, Waltham, Massachusetts, USA), following pre-

229ceding derivatization using dansylchloride (Dadáková et al.

2302009). The chromatographic column used for separation

231was an Agilent Zorbax RRHD Eclipse Plus C18 with the

232dimensions of 50 9 3.0 mm, 1.8 lm (Agilent, Paolo Alto,

233USA), spectrophotometric detection was carried out at a

234wavelength of 254 nm and a column temperature of 30 �C.

235The flow rate was 0.453 mL/min. The detection and sep-

236aration of biogenic amines was performed according to

237(Smělá et al. 2004; Dadáková et al. 2009). Data were

238acquired and evaluated using ChromeleonTM 6.8 software

239(Thermo Fisher Scientific, USA).

240Statistical evaluation

241Non-parametrical analyses of variance from the Kruskal–

242Wallis and Wilcoxon tests (Unistat� 6.5 software; Unistat,

243London, UK) were used to evaluate the results obtained

244(the significance level was 0.05). Non-parametrical tests

245were used due to absence of normal distribution in some

Table 1 Primer sequences for amine oxidase gene (yobN) responsi-

ble for BAs degradation and house-keeping gyrase gene (gyrB) used

in qPCR

Primers Sequence 5�-3� Description

yobN6-L GCTATACATGGGCCGATGAGG qPCR

yobN6-R CCGCAGAATACGGGTACTGG qPCR

gyrB1-L AGCGGAGATGACGTAAGGGA qPCR

gyrB1-R TCTTGCTCTTGCCGCCATTA qPCR
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246 cases (Shapiro–Wilk test were applied). To estimate of the

247 dependence of threshold cycle on DNA concentration

248 regression line (linear least squares method) was used

249 (Unistat� 6.5; software Unistat, London, UK). Tests of

250 regression parameters were also performed. Prerequisite of

251 tests used were also estimated using the same programme

252 (the significance level was also 0.05).

253 Results and discussion

254 The ability to degrade BAs depends not only on the species

255 but also on the strains. Thus, testing suitable strains by

256 conventional techniques is unreliable or labour and time

257 consuming. Molecular methods, especially real-time PCR

258 with specific gene detection, is an interesting alternative

259 (Marcobal et al. 2006). To examine the expression of the

260 amine oxidase gene we designed and tested gene-specific

261 primers. We then verified the ability of strains to degrade

262 BAs using HPLC/UV. We also monitored the growth of

263 cells during the degradation process.

264 Specific primer design

265 In this study, we designed three sets of primers for the

266 amine oxidase gene (yobN) in B. subtilis, which is

267 responsible for the degradation of BAs. Due to normal-

268 ization of the target gene with an endogenous standard, we

269 designed and tested primers for the gyrase gene (gyrB).

270 According to the PCR tests, the set of primers were chosen,

271 which do not form dimers or nonspecific products. The new

272 sets of primers anneal to the amine oxidase gene of

273 Bacillus subtilis strains and B. subtilis subsp. subtilis. No

274 amplification occurred for the strains B. subtilis subsp.

275 altitudinis. The final length of the PCR product for the

276 detection of the amine oxidase gene (yobN) is 162 bp, and

277 for the detection of the endogenous gene (gyrB) primers

278 with the length 216 bp were selected (Table 1). The

279 sequencing followed by analysis in BLAST (NCBI, 2009)

280 confirmed that PCR products corresponded to the yobN and

281 gyrB partial nucleotide sequences.

282 qPCR efficiency values with our sets of primers were in

283 optimal range between 90 and 110% (Broeders et al. 2014),

284 which corresponds to the slope of the long-linear phase of

285 the amplification reaction between -3.58 and -3.10

286 (Fig. 1; P‹0.05). Post-amplification melting-curve analysis

287 (data not shown), confirmed that the chosen sets of gene-

288 specific primers do not form dimers or non-specific prod-

289 ucts (P ‹ 0.05). To calculate the relative expression, the

290 Pfaffl method was used.

291Expression of Gene Encoding Amine Oxidase

292qPCR is nowadays a common method for measuring gene

293expression. This quantitative analysis requires no postpro-

294cessing, results are obtained quickly and, therefore, it could

295be used for the routine detection of bacterial strains that

296have potential to degrade histamine and other BAs (Wong

297and Medrano 2005). Some bacteria, such as B. subtilis, B.

298polymyxa, Staphylococcus carnosus, have been shown to

299reduce histamine and tyramine through the production of

300amine oxidase enzymes (Zaman et al. 2014; Eom et al.

3012015; Kung et al. 2016).

302We checked for the presence of the amine oxidase gene

303yobN and endogenous gene gyrB in bacterial strains by

304PCR (Fig. 2). To study the expression of the target gene in

305the selected bacterial strains, we performed qPCR analysis.

306However, qPCR data confirmed that only strains CCM

3072216, CCM 2267 were able to express amine oxidase at

308higher levels (Fig. 3; P ‹ 0.05). Strain CCM 2267 exhibited

309a slightly higher relative expression level 3.07 ± 0.13

310compared to 2.66 ± 0.16 attained by the strain CCM 2216.

311These values were obtained after 12 h of cultivation, when

312the cells were in the exponential phase of the growth. This

313was followed by a significant decline in relative expression

314level of the strain CCM 2267 to 1.35 ± 0.21 after 24 h and

315after 48 h, the relative expression level of this strain was

316equalized with the control cultured in MM1 without BA.

317For the strain CCM 2216, the decrease was somewhat

318slight and values of relative expression 1.35 ± 0.13 were

319recorded at the end of the cultivation (P ‹ 0.05). On the

320other hand, qPCR results showed no expression in the IB1a

321strain. Their ability to degrade BAs in culture was con-

322firmed by HPLC/UV analysis. Figure 3 confirms that the

323decrease in total BAs content is higher (P‹ 0.05) in strains

324with higher relative expression of the target gene yobN.

325Obtained PCR products of the yobN and gyrB had

326melting temperatures 76 ± 0.5 �C and 78 ± 0.5 �C

327respectively.

328Detection of biogenic amine content

329High performance liquid chromatography is the most

330commonly used technique because of its great versatility,

331efficiency, sensitivity and reproducibility, and is therefore

332the official technique for analysing histamine in foods

333(Commission Regulation (EC) No 2073/2005 2005; Mar-

334cobal et al. 2006). In our study, we determined the accurate

335degradation capacity of the selected strains with the amine

336oxidase gene using the HPLC/UV method (Figs. 3 and 4).

337B. subtilis CCM 2216 significantly (P\ 0.05) reduced

338histamine (18 ± 3.20%), cadaverine (18 ± 0.50%) and

339putrescine (14 ± 3.77%) within 48 h when compared to

340the initial concentration. B. subtilis CCM 2267 showed
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341 significant (P\ 0.05) tyramine degradation 24 ± 3.51%,

342 histamine degradation 14 ± 4.39% within 48 h. Decrease

343 of cadaverine and putrescine was low (6–3%; P C 0.05).

344 B. subtilis IB1a did not show any expression according

345 to the qPCR data. However, the strain showed slight, but

346 significant, (P\ 0.05) degradation of histamine

347 (6.75 ± 0.33%), tyramine (3.5 ± 0.75%), cadaverine

348 (6.25 ± 0.35%), and putrescine (6.25 ± 1.64%). This

349degradation could be explained by transglutaminase

350activity during sporulation, which has been demonstrated

351by Kobayashi et al. 1996. Transglutaminase catalyses the

352acyl transfer reaction between the donor, the -carboxymide

353group of the protein bound glutamine residue, and the

354acceptor, the amino group of the primary amine, diamine or

355polyamine in peptides or proteins. Transglutaminase

356induces the formation of e-(c-glutamyl)lysine cross-link in

357proteins via acyl transfer between the e-amino groups of

358the lysine residue and the e-amide group of the glutamine

359residue. Transglutaminase modifies protein molecules by

360cross-linking, binding low-molecular-weight compounds,

361and deamination reactions. Amino acids are cross-linked to

362the proteins in the presence of transglutaminase and

363improve the nutritional value (Chanarat et al. 2012; Yer-

364likaya et al. 2015). The influence of transglutaminase on

365the reduction of BAs was observed in some studies (Yer-

366likaya et al. 2015; Lu et al. 2017).

367Growth of cells

368During degradations tests, the growth of cells was also

369monitored to examine differences in the quantity and the

370bacterial growth curves for the different strains. The

Fig. 1 qPCR standard curves of

amine oxidase gene (yobN) and

endogenous (housekeeping)

gene (gyrB). The templates

were cDNA purified from

bacterial cells grow in MM1

after 48 h cultivation

1          2         3
500-

100-

(bp)

a

yobN

500-

100-

(bp)

b

1          2         3

gyrB

Fig. 2 PCR testing of new primers. a DNA fragments of amine

oxidase gene (yobN) were amplified by primers yobN6-L and yobN6-

R from Bacillus subtilis strains: IB1a (1), CCM2267 (2), and

CCM2216 (3). b DNA fragments of endogenous gene (gyrB) were

amplified by primers gyrB1-L and gyrB1-R from Bacillus subtilis

strains: IB1a (1), CCM2267 (2), and CCM2216 (3)
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371 findings of growth bacteria in media supplemented by BAs

372 during 48 h of cultivation are reported in Fig. 5.

373 The highest CFU/mL level (1.9 � 108 CFU/mL) was

374 reached by B. subtilis CCM 2216 after 24 h cultivation,

375 which was then followed by a steep fall (Fig. 5; P ‹ 0.05).

376 The population of strain CCM 2267 started at

377 2.3 � 107 CFU/mL, the highest level was reached after

378 12 h’ of incubation (1.5 � 108 CFU/mL) and then contin-

379 ued decline at 7.1 � 107 CFU/mL after 48 h. These pro-

380 cesses were confirmed by RNA amounts obtained from

381 cells for qPCR. When initial values started at 36 ng/lL,

382 they rose after 12 h’ of cultivation to 2000 ng/lL and then

383 dropped to 800 ng/lL after 48 h. A similar course of

384 events was observed for B. subtilis IB1a, which reached a

385 maximum (1.1 � 108 CFU/mL) after 24 h’ cultivation.

386 Based on these findings, sporulation was subsequently

387 tested, which could influence degradation of BAs because

388 the metabolism of spores is suppressed.

389Spore formation

390B. subtilis belong to the three classes of Gram-positive

391bacteria (Bacilli, Clostridia, and Negativicutes), that

392respond to nutrient limitation by forming an endospore.

393The endospore is a metabolically dormant and environ-

394mentally resistant cell, able of surviving a wide range of

395environmental stresses, such as heat, desiccation, and

396ultraviolet radiation (Galperin et al. 2012; Huang and Hull

3972017).

398Spores were noticed after 12 h of cultivation in all three

399strains and their quantity grew during the entire time of

400cultivation for strain CCM 2216 (Fig. 5). B. subtilis CCM

4012267 and IB1a reached a maximum after 24 h’ of culti-

402vation and there then followed a slight decrease after 48 h.

403The greatest quantity amount of spores was observed for

404the strain IB1a (2.97 106 CFU/mL) after 24 h of

405cultivation.

406The growth and degradation were also tested in modified

407nutrient broth, because this medium contains peptone,

408which may support the growth of the cells more than is the

409case for MM1. The results showed ten times higher CFU/

410mL values with the same growth evolution (data not

411shown). However, greater quantities of bacteria cells did

412not influence the expression of amine oxidase, degradation

413of BAs or sporulation. This may indicate, that bacteria

414prefer using peptone and bovine extract as a source of

415nitrogen than biogenic amines.

416No differences in the number of bacteria or spores were

417observed during cultivation in medium with/without BAs.

418Thus, the chosen concentration of BAs (0.2 g/L) probably

419does not limit or support cell growth.
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420 Conclusions

421 The aim of this study was the quick identification of his-

422 tamine and other strains of Bacillus subtilis that degrade

423 BAs using PCR methods. In this paper, two sets of primers

424 were designed to detect the amine oxidase gene yobN and

425 endogenous gene gyrB. The higher annealing temperature

426 (60 �C) of these primers favours specificity by diminishing

427 nonspecific priming. We have demonstrated that the pri-

428 mers allow the detection and quantification of target genes

429 by qPCR. Using this method enables faster and easier

430 searching for the strains capable of reducing histamine and

431 tyramine, the two abundant toxic BAs in foodstuffs and

432 beverages.

433 In conclusion, we confirmed that the Bacillus subtilis

434 strains CCM 2216 and CCM 2267 are able to reduce his-

435 tamine, tyramine, cadaverine, and putrescine. However, it

436 should be mentioned that we noticed significant formation

437 of spores during the cultivation of all tested B. subtilis

438 strains. Therefore, it is necessary to consider the cultivation

439 conditions for any potential industrial application.
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