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AL, AEA K. 16S IRNA F 7 oA af B bk o £ Az 4758, B) MEGA 4.1 #4844
EWERE AN I TR 2-1 5 Klebsiella pneumoniae (CP001891)89F 4 X & ¥L. 16S rDNA A
5| F) R ML K L, AR 2-1 SAEX BRI R E A 05.4%, LA A, T EIR 2-1 £ 5L L B4+
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Isolation, identification and fermentation characterization
of a 1,3-propanediol product bacterial
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Abstract: A bacterial strain named as 2-1 was isolated from activated sludge, which can product
1,3-propanediol (1,3-PD) from glycerol. Morphologic properties, physiological and biochemical char-
acteristics and 16S rRNA gene sequence analyses were used to identify the strain. The phylogenetic
analysis of the 16S rRNA sequence indicated that the strain 2-1 closely with Klebsiella pneumoniae
(CP001891), whereas, the homologous rate was 95.4%. The strain 2-1 might represent a new species. In
the fed-batch fermentation at 5 L fermentor: the maximum concentration of 1,3-PD was 63.5 g/L; pro-

ductivity was 2.19 g/(L-h); substrate conversion rate was 0.64 mol/mol.
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R AT ZE 35 o DAH SRAE S A 9 e T 1 e
TR, —BORY AR T B 60%, BB Y
1,3-PD 1 fix & Rk B E 50 g/ AL BT
Saint-Amans 2 A\ “fl Reimann & AP it 434t 4k}
R IEERARAT T AN B 1,3-PD &4k B, AT LUk
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Ji B A R TR bR & BEAE P 1,3-PD AR ASHESCEL T
etk v L, 4528048 7 P Re & i A AR 02 &
fEA = 1,3-PD Py EE @, A SO — kR RE A
A= 1,3-PD R EFA: BB R AT o0 2o S e T A
GiRE i, Wit 5 L & EERER] AW IT I R &
o Rr P o

1 SBbe
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Tag DNA B4 . 16S rDNA ¥ 1458 5194
B, PCR =47 800 5 ¥ 1A T A AR A PR
I TE R
2 BB
2.1 FEMIFIE

BTGB B CAS AR AF TG PR TS R AR 1 g, BEJE
i B8 I 7 A B AR 4 IR PR WA . SR T
LR VRIS R 10 e 7 AR 45 - 1 S B O 2 5
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Pko 30 °C fH iR K IR — Brit e, PRECE AR LA K E
JETR . BRI TR o FARr B A% 8 Ak, I
Hh—tRgnT o 2-1 BYANTRTE = FOMRE 55 A B
KR, Z4ifb)a, 4 °C PR
22 WS EFMMULETE
22,1 FEFEE: WEHERERELOGA: B .
R T MR AE . JEAT R 2 QY 2P
MG A,
222 AWK X0 T A B
AAAE . ETESHFBHER: KEB CFILAHE R
GUEETFMY UV, (ABHMERGELEETFME 9
Ji) ) Pl
2.2.3 16S rRNA [F5I 9 #7: 41 16S rDNA J751
PRI FG v B RSP B R T B R A 2 M

(1) 405 DNA 21 % CTAB/NaCl 1%

(2) 16S rDNA Z ¥4 PCR ¥ 44: RH
16S tDNA #5191, LIFEBAY AN S DNA Sk
MR A T4

(3) PCR ¥ 34 7P=Hpil /5. B34 7= 4y v e I 1 58
A T AE AR B w1

(4) WERG LB FKITFE2H 16S rDNA
J¥ 54 NCBI £4i8  rh i1 T BLAST [RIJEME EEXT, R
i MEGA KRG R B .
2.3 EFk2-1 REES IR

5 LOREERED, B 3 L, EBERILGH Ik
& 5%, & 10%3E AR T, KFEE @A 0.2 vvm
MRS AE R R A3, 10 mol/L KOH! 4: 4% & 1 ik
pH 7.0, 37 °C 35 5% . -t ael & RS, SRIBUR 4 -5 ik
HESEF AU R B R AR A H R ] 2%,
FHUR LGN 50% H Mk 45 420 mL, Hh st
HJF 6 h {1k k.
24 N E

HWpiE L 650 nm R W OGEEE Agso R o KT
WSO R 2 0.2 pm BREGEDE, AR (g il i s A
A7) 1,3-PD iy, SAHEIEEIILE 1,

1,3-PD [R5 5724

=357 274x-26 369, R*=0.999 9,
HamEH RN
y=307 209x—28 132, R*=0.999 3,
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B 21 IR B, syt 23 168 TRNA RIS LA Bk & DNA S ifi
e RO DS, 76 5 L el b e e b PEAT PCR §748, 153K 2 1.5 kb 09 H 9 B, Nl
W5t 3 i, KPR MR 16S tDNA 741 #2358
32 EES R GenBank, &tk 1-3, 1-13, 1-14, 1-15, 1-16. 2-1,
321 WARET: E 2-1 EENER FOYk. 2-16, 4-15 & 5543504 HQ434552 . HQ434553 .
FLEE . RBW . AR, IS, HikA/h HQ434554 ., HQ434555. HQ434556, HQ441178 .
(0.3-0.8) umx(1-3) um, FFIR, RNizdh, NICZEHM . HQ434557., HQ434558,
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Fig. 1 Gas chromatogram of 1,3-propanediol and glycerol

2.0 pm

B2 & 2-1 BERESA)REDMBE®B, x24 000) TR S
Fig. 2 Colony morphology (A) and cell morphology (B) of strain 2-1 under scanning electron microscopy (*x24 000)

© FERFERMEMARTATIKSHIEST http://journals. im. ac. en
http://journals.im.ac.cn/wswxtbcn



806 s ER

2011, Vol.38, No.6

R 1 EK2-1 B LHE

Table 1 Physiological and biochemical characteristics of
strain 2-1

A A AR RRAE

Physiological characteristics
MR X% M.R test =

Y R

Identification results

V-P il ZE V-P test _

PR ELSLE Citrate test +
H,S ;=4 H,S generation -
P A BRI .
Phenylalanine dehydrogenase

o AR L N
Tryptophan tryptophylquinone redox

A WAt Gelatin liquefaction +
FLBEAIF Lactose utilization %
HEBEFFH  Sucrose utilization %
D-HEF|FH D-Fructose utilization +
D-#j %% D-Glucose utilization +

A B BAME.

Note: +: Positive; —: Negative.

3 PCR ¥ =1 B3R B #E 5L AL R ik

Fig. 3 Agarose gel electrophoresis of PCR amplified prod-
ucts of 16S rDNA

Note: M: Marker; 1-8: 1-3, 1-13, 1-14, 1-15, 1-16., 2-1, 2-16.
4-15.

324 MERZLER: HHMWEKIE NCBI H
BLAST #EA7 R WM LA, 45 EoR, 13 52K
Citrobacter freundii ) 16S rDNA J¥51 [R] 1445 &
1-13, 2-1, 2-16. 4-15 52k Klebsiella pneumoniae
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) 16S tDNA J7 4l Al PER s 1-14, 1-15, 1-16 5
Z ¥k Pseudomonas aeruginosa i 16S rDNA J¥ 51 [A]
TR o I ClustalX #4722 )55 et 4R
Lk MEGA ARG LB M. 1000 KK
PUHRESEAT A 28 Al & A B0, | 4 3T
16S rRNA 5175 R G E B .

325 HDEEFMULETHERI: S5 IEERE.
R AR BEAE AR IR A 16S rRNA JF51 /0 Hr4h 51, it
R R G B AR RN E LB W 20 A0 i 0L
FIAN: 16S tDNA FEH P51 R JEPE R T 97%, W]
PLA K8 F [m — AR, AFE 2 AT RUE R 2-1
LB R Y 16S rDNA J7 51 [A] 4 K 95.4%, SE{LL
H—F M ECH R, 45 RIEE R s Rk
A ST . HARRERFEEYEES K T 98%, HULAT
A H SR R U — AP

3.3 EHR2-1 AESMETR

DAHE I A E—fc R, SRA S L & B REXT TR Ak 2-1
HEAT R BRI . SEERZE R LA 5,

HE SARTLLE H, M AR 6 h TR, ™Y
1,3-8 IR U =4, &= 16 h, Y H R,
7Y 1,3-PD W IR B K 35.3 /L, AR R
1.47 g/(L-h), JKYFALFE N 0.66 mol/mol. ODgso
g B FER W, £ 8-16 h YW ER i,
PR M 3 B e e ok R 7 R b U 38 K . IS H T
MITHAE . 729 1,3-PD 1Y 7= A= [ B A A 38 i 52 1 A
P

AR R BESE R UL 5B, ODgso R BT 4R
2-11 h EXHSEm, WEARFEAAE . N9 h PG
23 mL/h i 50% H M W 420 mL, 7£ &8 27 h B
TN TR .25 b B 7 W e B Sk B B AR, 4R W]tk
TR A Y, HAE 25-27 h 3R e it b, &
BUR P B 20 B Fr . R 1,3-PD Mk EAE
9-15 h ZURING N, 15 h ZJ5 FEREE HmRELe ) s,
1,3-PD & & 3 m 22 1% o #b ok ot A I 0k R b
1,3-PD 5 7F 29 h A 2 i KMH 63.5 g/L, 7z
A 2.19 g/(L-h), JEYH L3 0.64 mol/mol,
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51 1-15
1-14
Pseudomonas aeruginosa MML2212 (EU344794)
85 Pseudomonas aeruginosa AS2 (GU447238)
Pseudomonas sp. NR2 (GU566322)
99 Pseudomonas aeruginosa (AB126582)
Pseudomonas aeruginosa Z11 (AY548953)
Pseudomonas aeruginosa M16-9-1 (HM030752)
90 — 4-15
L Kiebsiella pneumoniae HR11 (EU078620)

Citrobacter murliniae CDC2970-59 (NR028688)
Citrobacter freundii (AF025365)
1-3
Klebsiella pneumoniae K (HQ200406)
Klebsiella pneumoniae NTUH-K2044 (AP006725)
54 Klebsiella pneumoniae MGH78578 (CP000647)
1-13
2-16
2-1

—
100|_: Klebsiella variicola AT-22 (CP001891)
86 Klebsiella pneumoniae 342 (CP000964)

100

0.05

4 ET 16S rRNA EEFIIMAFLEH
Fig. 4 Phylogenetic neighbour-joining tree based on the 16S rRNA gene sequences

%2 1&#E 16S rDNA FHIHEEER

Table 2 Identification of the bacterial strains based on sequence analysis of the 16S rDNA

J& il [gzS SRR 81 R P54 GenBank accession
Genera Species Strain Sequence similarity to type strain (%) number
Citrobacter C. freundii 1-3 99.4 AF025365
Pseudomonas P. aeruginosa 1-14 99.4 AB126582
Pseudomonas P. aeruginosa 1-15 99.7 GUS566322
Pseudomonas P, aeruginosa 1-16 98.3 HMO030752
Klebsiella K. pneumoniae 1-13 99.3 CP000647
Klebsiella K. pneumoniae 2-1 95.4 CP001891
Klebsiella K. pneumoniae 2-16 99.2 HQ200406
Klebsiella K. pneumoniae 4-15 99.5 EU078620
A -+ 1,3-Propanediol concentration B -+ 1,3-Propanediol concentration
-0 Residual glycerol concentration -0- Residual glycerol concentration

— 6 _ - OD650 - 7 —~ 7 r & OD650 A 8

st 16 e ]

S 4| 15 8 s 6

§ 3 b 1 4 QE § 4 i Q§

g 133 & 3 3 ©

g 2 r £

= 12 g 2 2

g lr 11 5 1 1

= 0 0 =0 0

0 5 10 15 20 25 0 5 10 15 20 25 30 35 40
t (h) ¢ (h)

Es5 BEHk2-1 SitRMBSOMEBER
Fig. 5 Result of batch and fed-batch fermentation of strain 2-1
Note: A: Result of batch fermentation; B: Result of fed-batch fermentation.
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