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Case Analysis of Contaminated Bottled Natural Mineral Water: Isolation and Phylogenetic Analysis of Contaminant Bacteria
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(1. School of Biology and Pharmaceutical Engineering, Wuhan Polytechnic University, Wuhan 430023, China;
2. Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: Objective: To figure out the cause of the occurrence of unpleasant odor in one batch of polyethylene terephthalate
(PET) bottled natural mineral water. Methods: Firstly, we counted and isolated strains from the samples by membrane
filtration and culture on plate count agar (PCA). Secondly, the main spoilage bacteria were identified as Pseudomonas spp.
by 16S rRNA analysis. Then gradient PCR was used to optimize the PCR conditions for amplification of 7poB gene. The
PCR amplified rpoB sequence was analyzed. Results: The main pollutant bacteria in this batch of bottled drinking water was
found to belong to a new species of P. extremaustralis, which was firstly isolated from a temporary pond in Antarctica in 2009.
The rpoB sequence analysis showed that P. extremaustralis spp. was responsible for the occurrence of off-flavor in natural mineral
water. When being inoculated back into normal products, it grew well and stink. Conclusion: Some strains of P. extremaustralis
spp. have the capability of passing through double 0.2 pm-pore-size filters, tolerating ultraviolet sterilization, growing in PET
bottled natural mineral water at low temperature and low oxygen content, and giving out an unpleasant odor.

Key words: PET bottled natural mineral water; Pseudomonas extremaustralis; odor; ultraviolet sterilization; two-step
tandem filtration through 0.2 pm-pore-size filters
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A SIIG 50 AR T A IE B 7 AT T e AT, DA
T AR IR S8 R R 5 G T A S LR, DAk R SR B
AH R R AN ya F i, O TR =5

1 MHS5HEk

L1 MRS

IEA B FE A 201548 L W RIS AE 2 5
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Premix Taq% &M%’ (polymerase chain
reaction, PCR) Py, DL2000 DNA Marker.
GoldviewiZ Rkl HATaKaRaA#l; gkl Fidt
FBiowest/A#]; PCA. P EIEEE (eosin-methylene
blue medium, EMB) . G ZHE M INE (potato
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LB AR KIZE 7 S AR B R, 30 CH59%24 ho HREUH
W&, MAZEAS0 pLL B L5 F/KFIPCREH, REA,
94 °C 10 minZZf#, 12 000 t/min5 05 min, W& EiEWR
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®1 PCREALIY
Table1l Primers used for PCR
JEH EE/] J75) Pibp TR
165 RNA 27F 5"-AGAGTTTGATCCTGGCTCAG-3 1465 (6]

1492R 5'-ACGGTTACCTTGTTACGACTT-3"

1p0B LAPS  5-TGGCCGAGAACCAGTTCCGCGT-3' 1247 7]
P LAPS27  5'-CGGCTTCGTCCAGCTTGTTCAG-3"

2 PCRRpifk#FEMH:
Table2 PCR systems and conditions

A RERA PCRA R fF
) 94C 10 min, (94°C45s, 50 C45s, 72°C 90) X
16S IRNA 2 X Tug PCR MasterMix12.5 L, 35, 72°C Tmin

5141%2 uL (10 nmol/mLL) o
DNA%TES WL, MKZESONL 94 CSmin, (94°T20s, 64~54 T 5 MRERE0s,

1poB 72°C75s) X35, 72°C 7 min

PCRIIM). hRMEZMHS LKL, 2, 1%
B i b el VK 73 5, Goldenview Je ta,  EER 1A
IO SEPCRY G 45 J, 77 W3k I3 M < 4 2 24 w) Ul
J¥o JFHIEEXT: fEhttp://www.ncbi.nlm.nih.gov/BLAST
HEAT AT
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WHEGB/T 8538—2008 (TR RAAN SRAKAG I 7775 .
137 Gy RNERS S b

P i A& SR BT 25 S E i E AT

2 FRE5M

2.1 PRSI

IE 5 BRSP4 R R & o2 ne/L, T4 R S B
(R ot A R 2 B KR BT, P8R 90 pg/L, (H M RE
1+ GB 8537—2008 (IR RIRAIRIK) B3R, WHHEREL S
BIERT0.1 mg/L" . TS S M7 45 R 5 B i
BB EERIET .

PR HR WL 425 3 57 b CRE 5 0E R KRR 4 W8 22
S, RHBURM. YiE. RO, Hrhd g U
RS . EMBREFREE EAHEVE HIL, (AR
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Table3 Total bacterial counts and flavor of samples
W5 i Hx U A B A Oy Etk
2 PCATIR EHERK % 560 CFU/250 mL NMW22
2% PCATH REMK BR% >1000CFUR50mL  NMW24
27 PCAFHT b it GRS >1000CFU250mL ~ NMW27
28 PCATIR SHE#K GRS >1000CFU250mL ~ NMW28
34 PCAT SEMK HR% >1000CFU250mL  NMW34

HEYIN FERK AR%
K REMK AR%
K FEMR BR%
ik SRR IE%

ik SRR AR

>10 000 CFU/mL NMW1

>10 000 CFU/mL NMW2

>10000 CFU/mL NMW3
<5 CFU/mL

>10 000 CFU/mL NMW5

[ N

2275 B A S IR 2RI 1 T e AR AR R A
Sl A A A R v R TSP AR, A B RNMW 225 S it
WHI S B R B ARE, fEPCAFM BB KA A AA
EWANE T, RTMASRES, EREMEZH. BRES
NE LR AMEREATE, %2902 um, £0.2~1 pm. YIIH
WA —, BRSNS B — RS (A
1A) o EARAHE & 7= 2 A0 1) 6 o B4 e V4 S BUARAE,
H 2 e YLt 25 SMDINMW27, 272 e .

ML 24 3. 55 B KB 2 B I B R RI 24 27,
28 345 PCAF-HR H 1143 10 bk 11 v 7 25 R0 O 25 1R AR
AR5 FIWT A R 2R Bk . DANMW27 861, 522 [
FEATH, 95£0.2~0.5 um, K1.5~2 um. PCA L% [H
BN, B SSEEFRE LT, W%
IR EH, Fof IR, BRI mm B4/
#V%: EMB ARG EAN2~3 mm/NEE, NEEA
FEY, WEAME, REET, BHOKY. HIETEPCA
TR AR R E VR RRE CGRIEDEIE R B , LI
PRSI (BB .

A NMW22H.4e40; B NMW273E /4L (0
H1 249BEOERER
Fig.1  Micrographs of two isolates

22 16S rRNAJFH 4 Ht

Pseudomonas veronii strain:INA06 (AB056120.1)
Pseudomonas sp NMW34 D
Pseudomonas extremaustralis strain 14-3 (NR114911.0)
Pseudomonas sp. NMW24
Pseudomonas veronii strain LHC100 (KC951913.1)
43 Pseudomonas veronii strain SMC54 (KF358 450.1)
Pseudomonas veronii strain 4P D2 5CS2014 (KP762262.1)
Pseudomonas sp. NMW28 D
Pseudomonas fluorescens strain REN1 (KF731833.1)
50 Pseudomonas putida strain CEN7 (KF822674.1)
Pseudomonas extremaustralis strain N-16 (KM386366.1)
99 Pseudomonas veronii strain PAZ1 (KP858504.1)
Pseudomonas fluorescens strain hswX151 (JQ236822.1)
Pseudomonas veronii isolate Bug25 (LN613123.1)
Pseudomonas fluorescens strain CPO 4.0100 (KF923836.1)
Pseudomonas sp. NMW27
Curvibacter gracilis strain 7-1 (NR028655.1)
Curvibacter lanceolatus strain NBRC 103051 (NR114201.1)

97 Curvibacter lanceolatus strain JPPB B27 (GU368379.1)
3 Curvibacter sp.NMW22
31 Curvibacter lanceolatus strain ATCC 14669 (NR024702.1)

—

29

—

—

—
0.02
RS B HENMW24, NMW27, NMW28HINMW341%)

J& TR J& Pseudomonas spp., 1 1E & HLIK 43 B HENMW 22
M J&F Curvibacter sp. Bootstrap 1 000, FK/RZiL1 000 KL
50T B bR REREES0 ANREE 7 51 oo — AN B 4
B2 MEGA 6.0f14RiL BT 16S rRNAE: PR FHUAG RN R e 3 fL it
Fig.2  Phylogenetic tree inferred by neighbor-joining method based on
16S rRNA gene sequences
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R TR R — DRI SERE, TR TS, B
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AR, AR 2 A B00 T A0 R R AR SR 7K [ A v A
Rt A SR B A, S B H i DL D I 2 e R
MR, PP e Ak, BTG Y A A E .
2.3 rpoBRFEPCRE&AFAL1L

1234567891011121314151617

o= We S

1000 bp —==
1. Marker DL 2 000; 2.7 (A%fHH; 3~5.0B K IRE H64 C;
6~83B KIRSENG62 C; 9~113E KIEJEN60.1 'C; 12~14.

B KR ENS5.9 'Cs 15~1738 K E NS4 Co FAUINFE
7 A EE AR N : NMW22, NMW27. NMW28.,
H3 BEREErpoBs itk EPCRER
Fig.3  Gradient PCR analysis with rpoB primes for Pseudomonas

NHETR % B R, & T rpoBIF HIE NEL T I,
AT T EEEEPCRUAMEALPCR A& . th I3 0,
5 5 B R 1 rpo B W0 e IRy, RAANMW 27 Al
NMW 28 ¥ P AE 5 B 23 Bk tH B 7 OR/IN IR B 7= 40, T
Curbibacter )& FINMW 2255 15 A 0 K /N9 4 7= it
Gb, RIS R Y P AT, 8 R R %
Hl64 °C.

2.4 rpoBFF Aot
99rP. extremaustralis NMW27

0P, extremaustralis NMW3
P. extremaustralis (JN814371.1)

P. marginalis LMG 5170 (AJ748148.1)
100 P. veronii CIP 104663T (AJ717445.1)

P. fluorescens LMG 7216 (AJ748139.1)
P. fluorescens LMG 14571 (HE586411.1)
P. marginalis LMG 2211 (AJ748196.1)

P, viridiflavam LMG 12647(AJ748183.1)
P. ficuserectae LMG 5696 (AJ748165.1)
P, syringae LMG 1392 (AJ748185.1)

P. marincola JCM 14761T (FN554739.1)
P. peli SHZ8 (KJ909276.1)
P. anguilliseptica LMG 21629T (FN554726.1)

P. cremoricolorata CIP 107616T (AJ717476.1)

P. putida LMG 126449 (AJ748178.1)
99 P. monteilii CIP 104883T (AJ717455.1)
95 P. flavescens CIP 104204T (AJ717468.1)
P. argentinensis LMG 22563T (FN554728.1)
P, straminea LMG 21615T (FN554758.1)
P. mendocina ATCC 25411 (KF029437.1)
P. oleovorans LMG 2229T (AJ717461.1)
100~ P. pseudoalcaligenes LMG 5516 (AJ748182.1)
40, P. nitroreducens CCUG:51655 (FN568268.1)
P. otitidis DSM 17224T (FN554745.1)
P. aeruginosa LMG 5827 (AJ748188.1)

49 P. stutzeri LMG 63949 (AJ864840.1)
P. azotifigens DSM 17556T (FN554729.1)
68 P. balearica DSM 6083 (KP219713.1)
—
0.02

BARSEHRNMWIANMW273 8 T 58 5 i # 8
P. extremaustralis4ll[§, Bootstrap A1 000, FIRZiL1 000 K&
AT BN RRRERIREES0 AR 7 51 A A7 — ANl 5 46
4 MEGA 6.0145iL 5 T rpoBX: B F5 IR R4 B ALint
Fig.4 Phylogenetic tree inferred by neighbor-joining method based on

rpoB gene sequences

WL H B i b 20202 AR, BATTR
R T] L4y NP, fluorescens. P yringae. P. anguilliseptica-
P. putida. P. straminea. P. oleovorans. P. aeruginosa#ll
P. stutzeri 8 KREE". HEA4T A, 2> BEHENMW3,

NMW2752P. extremaustralisFh R4, 7EIMER 5%
B AR R EE (P aeruginosa) FEELLEGET, 1
55 AL P A £ o T 1 - 2 e M P P e T [ — N
P. fluorescens group.

2.5 RIBIGIESEI S,

RV NEILTS

ek

EUREES

vk

0" IEFKEE; 17, 2%, 3UARERINMW27 30 CHEF£30 dfIKAE .
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Fig.5 Radar chart of taste analysis for inoculation test

5 YL 7 B RNMW 27 J £ 33 3 1 % KRR o,

25 [ 2 IR IS ROKBE A B ARG Y, 30 CHE
30d, iS5 AN AR IEY, A4 N REEN3 NS
HMERGIR PIRIEPE R, 1| NREAFEEM T, WePRE
BRI RECR /N T 107 CFU/mL. BUX3 i S
FE b A T B AR, WL Y 1 S K FERR B RE i . A
BISTI A, ¥5 4L B 2h /K FERT R AR AN I vk i 84k, A fA
RV HR R 5 [RlRRE (R R A BT T

3 9 #

TEH LR V5 e FENMW22 8 Curbibacter &, %)@
2= IRBAPE RN B S AT B, (0.3~0.9) pumX
(1.1~1.8) um, Z20044EHEE"" . HuTH4 AF
C. gracilis. C. lanceolatu. C. delicatusF1C. fontanus.
C. lanceolatus& \Pseudomonas lanceolatu Leifson 1962
AR K, HABL R T2 B 5 H AR SR ) 2508
Ko C. gracilisFIC. delicatusfIRERRAS MFHEAK 4 gy,
M C. fontanatbi s{pk 2 M FH7K A 43 55 ik 7 | i e
Silbaq"" ;% il % 8% 9% (I FISHA: A GIE 52478 T B W2 4K H 1A
TR R A B 2 TG R IR SR K R T ER B A
M FHE . T CurbibacterJ& IE & 8 T 7 E /REEH .
B LG AT AR % S Al 1 K OKYRHL) Hdn i FiiE e —.
NMW 22 R] DU 75 G2 K, 0 HAZ R B REAE R AR
IR A, (HARIE B E B B () 7

P. extremaustralis &2009%F 27 1 /X8 1) M\ BE AR ka2
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BRI 64°09°S . 60° 57 W4y 85 H 1 — Fh =l 0 1t
WA, BEFEREER, 4~37 CHK, 42 CTHRAEK.
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E=FILTHREE (polyhydroxybutyrate, PHB) "',
Ui Ae D FIAEEIE N SR, H AT A ORI RE R R 2
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W EP extremaustralis PE™,
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