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Isolation and characterization of a novel Pseudomonas sp.
SCH17 with high PHB production
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Abstract: A novel poly B-hydroxybutyrate (PHB)-accumulating bacterium, strain SCH17, was isolated
from soil samples by butanol enrichment. A phylogenetic analysis based on 16S rRNA sequence data
indicated that the strain SCH17 was a member of the genus Pseudomonas. Transmission electron mi-
crographs showed electron-transparent intracellular granules. The purified sample was extracted from
cells with chloroform and was determined as PHB by nuclear magnetic resonance analysis. Pseudomo-
nas sp. SCH17 was able to accumulate PHB after growth on various carbon and nitrogen substrates.
Fructose and fish peptone were the optimal carbon source and the optimal carbon source, respectively.
After grown under the optimal conditions for 14 h, the maximum cell dry weight of 3.52 g/L with the
PHB concentration of 2.69 g/L was obtained, and the PHB content was up to 76%.
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B ¥ Q8 Wi MR BE  (Poly-hydroxyalkanoates,
PHASs)J& 4= W75 5 F2 A B 10 2 T B N T
HREY . HETE 2K 150 Z AR/ SR RT DU
A PHAs, B B-F}2H T (Poly-B-hydroxy-
butyrate, PHB)J& & i .. WIS 8 EA B —F
PHA. PHB AMUHEA 4% . SRR . it B &
SEM L, AT DA AR MR o R, PHB AE S — ol
RUG AT AL W R A v o AR, FE Tk Rl . BR 2y
SR LA T A R AR

HAR A Z R AR e 2 PHB ik, iR ZE
B A 77T H B (dlcaligenes)® | [ A H B
(Azotobacter) | 1 BA M1 )& (Rhodopseudomonas)'™!
AV A M B R (Pseudomonas)® . 1B J& K50 I H 48
T 35 i A R B RR AL R PHB B9/KF AR 40 %
P FE O R BRI R, Ay AR K b | PHB
7R R RO XT PHB BT & R A R X,
AR SCHRIE — R S AR B PHB BN TR 9 0 5 L 2
T R S TSR AL, IR PR T
PHB R R it 05, DI AL i — 2
I HIBIF 9T B Bl

1 MBET%

1.1 ##

1.1.1  BE#k: 7~ PHB BB 2 25 H S5 R4 1
TR

1.1.2  $EFEE: LRI (g/L): BEEHS 1.0, KH,PO,
2.0, Na,HPO, 2.5, MgSO47H,0 0.5, pH 7.0, &
RAE KR, SR BRI FR 3L R A 10 /L %
BEA 2 o/L B AR DE I8 X PHB A B9 52 i
BF, DL NHLCl (2 g/L) AR, FEHmls =5 b i
10 g/L AYBRIR; T2 SRR, LABA5RE(10 /L) Nk
U8, TERERERR SR AR 2 g/L AR

1.2 A&

1.2.1 BEMSBMEFE: DIEINT 3% (V)T EE.
5 g/L #iZGHE A 2.0 g/L NH,CI ()RRl 97 56 5 £ 0%
TE AL . RIEVRIESRIZ 3 KDL L, DAARIS A
Rige o 1062 WA TSI I oA e o & BE 5L 00
EERN S 5%, 30 °C 15 9% . WA T H (g/L)E L
1 L ZEEW 12 000xg B0 20 min FRF5 U400, PR
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JGTE 90 °C #t+ 24 h JF I E .

122 BEWE: BULHE EREMM R R, 400
OUEERSE, 4% BOSCHR 91 4 3% S i ¥ . G B 8 v 1)
R, JEAES S B U (JEM-2100) FIR%E .

1.2.3 16S rRNA EFE/Y 14 LHEAWIRIES K
SCHR[10] 474 16S rRNA 3 A (15 #AR P38 FH 5 19
27F il 1492R 11, 4 5-TTAGAGTTTGATCCTGG
C-3'Ffl 5-GGTTACCTTGTTACGACT-3', PCR /=¥y
glifb )5 AT TA sibg, F= Aok i B A TONF .
1.2.4 PHB HJIZEN: FEARZSMSCER[11]E1T, A
ok, FEFAT 0B O U, ALK E
9 10% SDS, /K AL 15 min, 12 000 xg &0
20 min, FF L. PU3EH HoO PRIk 2 1K, 40 °C HEF.
IAGED, FEHFE 1 h LUE . NEREY Rt g%
Bi. BEFEZE K&, Wamin eS0T e) PHB, A —
SE WU TR, 35 °C 129k 15 min, B0J5
WG, U85 40 °C HET, FREE.PHB ¥ i(g/L)
TE XN 1 LR BB h SRR ) PHB T,

1.2.5  #% 3R 2 4 (NMR): i J1 4% 7% 1 9% 1% %
(BRUAK-400)% %E #£ B ) PHB. PHB & fit e /i AU A
i (CDCLy)H, #eFEH 5 g/L, PC NMR BRI 1) W 220
4 100.62 MH.,

2 BR50W

2.1 EHMEIBHESEE

AL 3% (V/V) T B R 97 0 R
HEAT TR, 2B KA T — MR HAT T W 32 1 ) 40 B
SCH17, F#k SCH17 Jy & % FRBAME R AT 1, Hem
TR SZ U E N 5% (VIV). BiFk SCHIT R A K
JEHEIA 10 °C-40 °C, FidAKIRE N 30 °C (F 1);
R pH JEFEH 5.0-9.0, il pH N 7.0-7.5 (&
2). K NaCl LN 0-5% (& 3). Witk SCH17
(R D) R e G e T A T R A
K peiy (& 4).

Hikk SCH17 By 16S rRNA K 5 K & N
1 498 bp, BLAST 7 #r&i R3EW], Wtk SCH17 J& T
B EE, SIAME Z264-1zhy (AM411070))
MPE R, A F] 99.8%. (H R HMEE Z64-1zhy
AR B T B TR R, B i — 2P 4 2
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Temperature (°C) Fig. 4 Transmission electron micrograph of a thin section
of Pseudomonas sp. SCH17 containing granules (x10 000)
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Fig. 1 Effect of temperature on the growth of the strain 8o WISk SCHIT AR Y 14 4B

SCH17 W E MR TR, i FH AR (NI 2 ) R Ge itk Ak
BN 5 Fras . mlUL, TR SCH17 5o i i s 1y
35 1 FRR AT LR ZE, KRR RS i — D R, X
30+ seiE R D, bR SCH17 5 E AL IE B il (0 72
25 ¢t R P plecoglossicida B 16S rRNA & KA DL 4
§ 20 | WiE e, 58] 99.4%. {HZ&, FHk SCHI7 R4
E s | PEALRS FIE R — B 432, Pk, BAREHIE T
o | CL 28 558 AT A b o A S i 44 0 RS TR SCHL T
0s | THh, RAEARAME SR PHB (40E
L : x\k 2.2 “C NMR B9 s
5 6 7 8 9 TR I R R UL £ B 1) i P RSO ) R S O
pH PHB, H5 &5 Hi#2 #3641 °C NMR 4347 ( 6). Bk
&2 pH Xt & #k SCH17 £ 89521 @ﬁm?ﬂﬂh%ﬂﬁ 4/\1,43-@% PHB m%m 13], IR S
Fig. 2 Effect of pH on the growth of the strain SCH17 (CH3). W HFE(CH,) . K IE(CH)MIIRIL(C=0), X
TERA T B UM R SCH17 it Py ki (R 47 J5i J& PHB.
3s | 2.3 BUEIEXEREAME SCH17  PHB R
on =AU
L AT SCH17 NBETE S A 1 /L BERERY Y 5L
S50l Tl B v A A, LR BRI R S B
g0 \ Gy WY 1 52 5 2 A 3 L e SR A O TR IR . 7R
C 0 L{\ BRI, BRI 5:1, 30 °C Hi3% 14 b, WERY
vl WR/A TR XTI bR SCH17 W PHB FRERYSE MmN 1 A
N \(L /No DRE SCH17 HAEFIHVER 5544 AT LUK H]
1 s 3 4 ) TEEMOREAK, IFG L PHB, H& &AL X T
NaCl (%) PHB MR R 7, FbE B BR T NaNO;, il
B3 NaCl &tk SCH17 KB 81 R £ R LA A AR AN TE ML DR # BE 02 £ B Ak
Fig. 3 Effect of NaCl on the growth of the strain SCH17 SCH17 314 i PHB, ffEER 28 k.
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Fig. 5 Phylogenetic tree showed the phylogenetic relationship of strain SCH17 relative to the type strains of species in the
genera Pseudomonas
Note: Bootstrap values (%) from 1 000 replicates are as shown. The scale bar represents 0.01 nucleotide substitutions per position. Numbers
in brackets are GenBank accession numbers for the 16S rRNA gene sequence of the type strains.

R 1 AEKBEFMFENRERE SCH17 72 2 PHB 521

Table 1 Effect of different carbon sources and nitrogen sources on PHB accumulation of Pseudomonas sp. SCH17

B PHB i fit Ay P PHB i fit AT

Carbon source PHB concentration Cell dry weight Nitrogen source PHB concentration Cell dry weight

(10 g/L) (g/L) (g/L) 2gL) (g/L) (g/L)
Yeast extract 1.90 3.1 Fish peptone 2.40 3.30
Butanol 0.72 1.3 Casitone 2.10 3.30
Ethanol 0.85 1.5 Tryptone 2.00 3.60
Sucrose 1.70 2.5 Casamino acids 1.80 3.90
Glucose 1.90 2.6 Beef extract 2.20 3.10
Fructose 2.10 2.5 NH,CI 1.90 2.60
Glycerol 1.00 1.7 (NH4)2SO4 1.60 2.00
Starch 0.07 0.2 NaNO; 0.12 0.36

cH cm O 24 REME SCH17 #9% B0 PHB 71

TEAV R PHB I BOE 251 T, RIELAR 1 3R 2 h iR
Jn 10 g/L SRR 2 /L 8 W, RSMIRE SCHL7 4%
WA 18 h RYZE SR 7 frs . B4 K 14 h i,
. 1 Ly WA THE A PHB & AL R R, 4351 3.52 g/L
S F12.69 g/L, PHB £ bk B k40 T 1Y 76%. ik AR

180 160 140 120 100 80 60 40 20 ppm
El , W i FAAE, {H2 PHB &&H
E6 "“C NMR 247 M Pseudomonas sp. SCH17 1332 By AR, HETE ZIK%:‘HZ;X Bz H E i
BEVMMBIKRS R R PR A A AR B R R B R e
Fig. 6 3C NMR spectrum showed the carbon composition H@W* 214 PHB jﬁﬁ’i%ﬁﬁ’ﬁ’q’:, jﬂéﬂﬂﬂﬁ};ﬂ ﬁﬁﬁ .

of the monomers belonging to the polymer extracted and
purified from Pseudomonas sp. SCH17 cells TR 3 A PATHE A

Cc=0
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Fig. 7 Cell growth and PHB accumulation of Pseudomonas
sp. SCH17 under the optimal conditions

SRE LR PHB AUARE AR L, AR
SCHI17 il i 45 5 2 FUZE PHB (3 B, HA5% 14 h
PHB & &t AT A 7 4T 1Y 76%. #9845 B IR
A PHB R Y J& B 57 77 B AT I8 Alcaligenes
eutrophus . FLF% = HAT B AR 22 B8 B 2 B 2 SR 22
PHB, o] G4 TEAY 96% ', (HE, KZH
B A R R LR PR RROT B R ) & R I 8 100 b DA
ST S e R T AR S O e ) S A R A R
SCH17. R 58 27 Ak i JUER BL35% 7 Bl AT 3 L
A2, 1R PP SCH17 7 PHB A 25k B 5 SR HoA
¥ . H A Ishizaki 45 % H B9 H 5% 7 Bl FF 3
ATCC17697" Hikk, PHB HYFH 25 C 2 K0 B 4
Ji, EARSRAT 40 WU, 3R R R OR B A FL R PR ARAT
P WSH3 BHPEFI H16 kR, 4tk &Mk, &
T2 JE 5145 3 9 50 hU'SIAD 48 hU'™; S AF 4R 38 114 5 75 1
B LY6, KBEJEIAE 4550 30 h, {H)& PHB &
R 47%0, TATHE— 2 B SCHLT
(") PHB F B3 B F1 35 i 5 — S8 FE AT 5% o B 1 2
FEAT T g, WAL o DAPR A2 Ok R Y
PHB & AT, 1@ HE AR Azotobacter vinelandii
ATCC53799 (BF5E f B v, H PHB B 3R I (] dc Ji
H 24 h, SRR 85%2, 3o &5 %50
BRI Sphaerotilus sp. AE13 Bk & i JE 111
N 24 h, {4 PHB &AL 40T EM 14%°, 7]
U, RIS SCH17 By PHB A Z 5k B B Fb &A1)

Peo BeAh, S LAETRE 24 B B 1B R PHB B0
5 VFIBPESESr B W) Sphaerotilus natans FQ40 % %
42 h J5 PHB &2 (5 4000 T 519 48%™); B4
1Y E K ZE AT I Bm-10 &% 40 h J5 PHB % £ (i 4
M 33.6%%7 i B 5 A% i IE RO B R
Acidiphilium cryptum DX1-1 £33 520K, KA}
[ 120 h 45 %8 4 80 h* £¢ B Rk, B AR A
SCH17 Wy WAk . A0 PHB P2 AN, BTk
TSR A H Bk SCH17 J&—Fki B8 1) PHB 4=
FEWERR . TE T TAET, LIS &SR
AL H AR F B, i — D4R S RS 4 SCH17 &
M R, P PHB S it
3

A HERE i A B TR R SCH17 8031 16S rRNA
FEHFE AT, 1A% N BRI EE SCH17, R
MBS SCH17 1] LI FH 2 i 5 A0 0 U5 ER o b AR 22
PHB . £l FH S5 A e I S0 R e A VR 2 1 R 1 2%
T, AVH R 14 h, PHB & & k7l DLk B kK
(2.69 g/L), 1M H. PHB &= @il i+ 1 76%.
U, IZBERRTE PHB Az 5 1 HAT AR &5 i B FH A 1
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