
In 2006, three species of Gram negative beer-spoilage bacteria, Pectinatus haikarae, Megasphaera sueciensis and M. paucivorans, were newly proposed. Previously we reported that three 
sets of multiplex PCR methods for detecting beer-spoilage Lactobacillus, Pectinatus and cocci were developed. In this study, we attempted to improve our multiplex PCR methods for Pectinatus
and cocci by including these newly assigned beer-spoilers.   

PCR primers were designed in the 16S rRNA gene by comparing the sequences among the related species. Species-specific primer pair was designed for P. haikarae, while common primer 
pair simultaneously detecting M. sueciensis and M. paucivorans was designed because of more than 99 % similarity in the 16S rRNA gene sequences between these species.
The primer pair for P. haikarae and common primer pair for M. sueciensis and M. paucivorans were added to the existing primer mix of the corresponding multiplex PCR respectively, and 

multiplex PCR was conducted to evaluate the performance of modified primer mixes. The sensitivity of new multiplex PCR was comparable to that of simplex PCR and universal primers, the 
latter of which were used as control of DNA extraction. Moreover, new multiplex PCR methods did not amplify the false positive PCR products from DNA of closely related species and frequently 
isolated species from the brewery environment, and were found to cover all of the investigated strains belonging to the target species. These results showed that their specificity and reactivity 
are practically suited to the application in breweries.
In conclusion, we developed new multiplex PCR methods for detecting beer-spoilage bacteria including recently proposed species.
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We previously developed three sets of multiplex PCR methods for 
known beer-spoilage bacteria, which can detect six species of 
Lactobacillus, two species of Pectinatus and four species of cocci
respectively(1). While, in 2006, newly proposed species of Gram 
negative bacteria, Pectinatus haikarae, Megasphaera sueciensis and 
M. paucivorans were reported to have beer-spoilage ability(2), and 
could not be detected by our previous multiplex PCR methods. 
Therefore, in this study, we attempted to improve our previous 
multiplex PCR methods for Pectinatus and cocci to be applicable to 
these new species, and will report our advanced multiplex PCR 
methods for beer-spoilage bacteria.

Primers for detecting Pectinatus haikarae, Megasphaera
sueciensis and M. paucivorans were designed, and advanced 
multiplex PCR methods for three species of Pectinatus
species and six species of beer-spoilage cocci were 
developed.

Results

Reference

Pectinatus frisingensis

universal primer(1) simplex multiplexplex

P. cerevisiiphilus P. haikarae

Megasphaera cerevisiae M. sueciensis M. paucivorans

Pediococcus damnosus P. inopinatus P. claussenii

Advanced Pectinatus multiplex PCR method

Target specis Primers Direction Sequence (5’→3‘) Target DNA Reference

P. cerevisiiphilus 16C-F Forward CGTATGCAGAGATGCATATT 16S rDNA 3

IC-R Reverse CACTCTTACAAGTATCTAC ITS region 3

P. frisingensis 16F-F Forward CGTATCCAGAGATGGATATT 16S rDNA 3

IF-R Reverse CCATCCTCTTGAAAATCTC ITS region 3

P. haikarae Phf1 Forward AATACCGAATGTTGTAAGAG 16S rDNA this study

Phr2 Reverse CTCTCCTGCACTCAAGACAT 16S rDNA this study

Target species Primers Direction Sequence (5’→3‘) Target DNA Reference

P. damonosus & P. inopinatus PIDF1 Forward ACCGAATACGATCTAAAG 16S rDNA 1

PIDR8 Reverse TTAAGACCGACTTACCGA 16S rDNA 1

P. claussenii PCLAF3 Forward TGTGAGAGTAACTGCTCATG 16S rDNA 1

PCLAR3 Reverse ACGCCTAATCTCTTTGGTTA 16S rDNA 1

M. cerevisiae Mc-f4 Forward CATTTCCGTTAAAAGAATCA 16S rDNA 1

Mc-r4 Reverse GGTTAAATACCGTCACTGGG 16S rDNA 1

M. sueciensis & M. paucivorans Msp-f Forward TATGGCCAATACCCATAGAT 16S rDNA this study

Msp-r Reverse CACTTTTAAGACAGACTTGA 16S rDNA this study

Primers

PerfectShot Ex Taq (TaKaRa Bio) 25 μl

Primer 0.8μM each

DNA 5 μl

DW up to 50 μl

94℃ 2.5 min.

94℃ 15 sec.

55℃ 15 sec. 30cycles

72℃ 30 sec.

72℃ 3 min.

4℃ ∞
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Advanced coccal multiplex PCR method
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Frequently brewery isolates

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1:100bp marker, 2: Lactococcus lactis HC311, 3: Clostridium roseum HC350,
4: Serratia marcescens HC367, 5: Citrobacter freundii HC417, 
6: Enterobacter cloacae HC432, 7: Staphylococcus warneri HC417, 
8: Propioniumbacterium acnes HC440, 9: Bacillus thuringensis HC442, 
10: Pantoea agglomeras HC453, 11: Paenibacillus amylolyticus HC459, 
12: Paenibacillus jamilae HC466, 13: Staphylococcus epidermidis HC475, 
14: Klebsiella oxytoca HC534, 15: Sporolactobacillus racemicus HC566, 
16: Pectinatus haikarae DSM 16980T, 17: negative control （no DNA）

1:100bp marker, 2: L. lactis HC311, 3: C. roseum HC350, 4: S. marcescens HC367, 5: C. freundii HC417, 
6: E. cloacae HC432, 7: S. warneri HC417, 8: P. acnes HC440, 9: B. thuringensis HC442, 
10: P. agglomeras HC453, 11: P. amylolyticus HC459, 12: P. jamilae HC466, 13: S. epidermidis HC475, 
14: K. oxytoca HC534, 15: S. racemicus HC566, 16: M. sueciensis DSM 17042TT, 
17: M. cerevisiae ABBC446, 18:M. paucivorans D16981T, 19: negative control (no DNA)

Frequently brewery isolates
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All investigated strains for the reactivity, 54 strains of Pectinatus species and 26 strains of beer-spoilage Pediococcus and Megasphaera species, were detected with advanced 
Pectinatus and coccal multiplex PCR method respectively, and no false-negative results were observed.

Closely related species
1:100bp marker, 2: Pectinatus frisingensis ABBC438, 3: P. cerevisiiphilus ABBC436, 
4: P. haikarae DSM 16980T, 5: P. sp. ABBC444, 6: Megasphaera cerevisiae ABBC446, 
7: M. sueciensis DSM 17042T, 8: M. paucivorans DSM 16981T, 
9: Selenomonas lacticifex ABBC457, 10: Zymophilus raffinosivorans ABBC458, 
11:Z. paucivorans ABBC459, 12: negative control (no DNA)
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1:100bp marker, 
2: P. frisingensis ABBC438, 
3: P. cerevisiiphilus ABBC436,
4: P. haikarae DSM 16980T, 
5: P. sp. ABBC444, 
6: M. cerevisiae ABBC446, 
7: M. sueciensis DSM 17042T,
8: M. paucivorans DSM 16981T,
9: S. lacticifex ABBC457, 
10: Z. raffinosivorans ABBC458, 
11:Z. paucivorans ABBC459, 
12: negative control (no DNA), 
13: 100bp marker

1:100bp marker, 
2: Megasphaera cerevisiae ABBC446, 
3: M. sueciensis DSM 17042T, 
4: M. paucivorans DSM 16981T, 
5: Pediococcus damnosus ABBC380, 
6: P. claussenii DSM 14800T, 
7:P. inopinatus DSM 20285T, 
8: P. acidilactici ABBC379, 
9: P. dextrinicus ABBC381, 
10: P. pentosaceus ABBC384, 
11: P. parvulus ABBC383, 
12: Lactococcus lactis ABBC392, 
13: Leuconostoc mesenteroides ABBC374,
14: Leu. paramesenteroides ABBC394, 
15: HC268, 
16: negative control (no DNA), 
17: 100bp marker

Closely related species Other cocci
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DNA extraction
For evaluating the reactivity and sensitivity, DNA was extracted from serial ten-fold dilutions of a single colony 

grown on the agar media by Prepman Ultra Sample Preparation Reagent (Applied Biosystems). For the specificity, 
DNA was extracted from pure culture of each test-strains with Mag Extractor DNA extraction Kit (TOYOBO).

universal primer universal primer universal primer universal primer universal primer

universal primer universal primeruniversal primer

A series of ten-fold dilutions of DNA extraction from each species were tested for 
detection limits, using universal primer pair, species-specific simplex primer pair 
and multiplex primer mixes.


