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Abstract :[Objective]A new method for rapid screening poly-B-hydroxybutyrate (PHB) produ-
cing Bacillus strains was established by means of novel optical technique. [Methods] Raman
tweezers technique was used to acquire the single-cell Raman spectra of isolates and to monitor
the accumulation of PHB during further laboratory cultivation. [ Results] The cell types and

PHB content of individual cells were quickly distinguished hased on the Raman characteristic

' of single-cell

peaks and Raman intensities. The averaged Raman intensities at peak 1732 ecm™
from plate colonies showed a certain correlation with the capacity of PHB fermentation. Over

one hundred randomly chosen strains were

isolated from 4 soil samples and tested by
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EEEA B B(1990—), &, WL Hs 4, +Ehdymyy  exhibited the ability to produce PHB. Among
5H 8565, them,strain S-C-2 accumulated up to 5. 27 g/L
W AR B FE E & B (2012GXNSFCA053001.  of PHB(70% of the cell dry weight) when incu-
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Raman spectroscopy, of which more than 45%

bated with 3% sucrose. During the flask cultiva-
tion, the averaged intensities of single cell at
peak 1732 cm™' was linearly related with the
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yields of PHB (R*=0. 91). [Conclusion]Raman spectroscopy can be considered as a fast and no-

vel optical technique for screening of PHB-producing Bacillus and real-time monitoring of PHB

fermentation processes.

Key words: Raman spectroscopy,PHB, Bacillus, strain screening

0 3|

[(FAREXVERG SEANEN B EAEN LK
WA= GEEEZ R, LIE R i F 65
5B} R T M A4 P A T 3 ™ R R BE VS R [A)
MR LFO A EHEYBRETEERE, EAZ
BIA Y AT BEfE AR R, B OB- R & BB (Poly -
hydroxyalkanoate) /& — 28 Al | T A4 9 & J0 04 #4928 44
RWg, R H B A R 1 A W) T R R RN AR ) R A
M. EEZCRLME ST EAT WAL H
mO, HAF R B-£HE T8 (Poly-B8-hydroxybu-
tyrate, PHB) B ST FI N A &)~ &2 09 — R 2 AKX,
PHB 1E 40 M A Rl AL AE I B9 80 R 7= 4, R E Y
I8 A B IR T AE MR A AR ARG — s 2K )
BT, AT LA —Fh L P E SR I RE B B Y TR S N 4R
H AR, B R B Y A0 BE IR G T B AR IR R L
ALK . PHB Hi 2RI A& HEMR, B AR

il

RS ZREL A REABIRY MRS, K
B AR BUS AR BERE N . A 77 A B T R Bk RS
R AR AT AR E, [ATAFRERLE
13 AU BB A , R O 6 B A A IS A AT A B RY
77 PHB Wk, 00 HR A Uy 28 6 = Mk th 9 A Sog 42
2D, HE PHB WA MR EEBIMEY R
ke RECERXIUA 300 SR E A AEH G
PHB, AT #A 76 F # 348 9 -& A, PHB B & 7b, B
o ZE R R B T R 2 0T R Y O i
PHB AWM T E LB E R, MR EIFF Z#E S
o6 S A 40 BT & R B B PHBRE M. [
RMANR ML E S ERBE T RIS T T8
HAE AR BNE AT AL 5 3K HCAH A P9 AR B0 S5 A S B, T
AFEMATATHI IR IE. MM EERSE R
MNZR EAR MEENBERYRELEY R TH
FEGFR HE X SRR T A4 N B2
T4 A A N A AR S, Ik 440 0 Y 2 A P ALY
EE RSB TR TSI €Y7 3:0E S J1IFD L pap
VAL 3B A 28 3 o AR H R 9T R B2 L 8 06 9 B
AR B E 5 19 P53 7= A W) E K PHB Y
FHATE, W PHB R B AR .

JEAE 2015 F 12 8 % 22 4% 6 4

1 MEE5RFE

1.1 ##
.11 #&

SR BT VE KRBT B A ] He 2 B FE 1
BL2B3SME EETRE, L4 MHER, BEHL
B EETEEINTMHREEREFTILRE,
1.1.2 %4

% %t % 5 # (g/L): NH,CI 1. 5, NaH,PO, -
2H,0 1. 3, Na,HPO, + 12H,0 8. 7, KCl 0. 2,
Na, SO, 0.1, MgSO, « 7H,0 0. 2, CaCl, 0. 001,
MnSO, 0.0006,FeCl, 0. 0002, 7] %) ¥ s #E A 30, 7%E
EiR 6,308 18, pHIER 7. 2~7.4, R TFI53E5(g/
L:EAKI0FRE 3ELMsS,pHENR7. 4. &
i3 - MG Pun - P N
1.1.3 %k A%

HENERGSH CHE15 /780 nm AL
St B R B OE 28 (TEC-300-780-1000, Sacher, 8
Eh) R li. 2B AL RABRELEY B HME
(TE2000U, e f, H &), 2 45 (N. A, 1. 30,
100 X)) R £ J5 7 £ S ML P B — > BOL BB B ok
R, R B X BB T AW R AN RS
B, HEBHUNES HYEIRE,. 4 100 pm B FL
M2 ANKBIRPIRERED A LS785 HiEAL (Ac-
ton, 3£ ED B Hy A B 48, B B FR G 2744 (CCD, PIXIS
400BR, EEE I WA AFD L. BRI HFHR
A6 em™ ! FEREZH/NEKAEARE 2 pm)KRIE,
1.2 FHiE
1.2.1 #m 7k

MMM EARSAERKE., RBERALE
KEERE 10 %5, EHHE R TU1901 %40~ 646
SERE I E 600 nm AL B G ISE ( ODgoo) .

PR B R M % I E PHB BB .l 2 mL &
BT Ep B W ,9000 r/min B.0 10 min WEEIR,
FARE e BERIK, T 60CH TREAMTEEE;
2T 46 Ja 19 2B L RE o I AR BREZ 1 mL, 7E 80~90°C
KEE AW 1 h, B8 AW BEEME 208 nm &b
SRl RIEIRAE 23058 & B 09 PHB #9 8
WE IFEEHETELE PHB SR TENE &
b friEm& e FiER L ML RN y =

665












(5]

(6]

(7]

(8]

[10]

(11]

[12]

[13]

[14]

&

Rehm B H. Bacterial polymers: Biosynthesis, modificati-
ons and applications[]J]. Nature Reviews Microbiology,
2010,8(8):578-592.
Thirumala M,Reddy S V,Mahmood S K. Production
and characterization of PHB from two novel strains of
Bacillus sp. isolated {rom soil and activated sludge[]].
Journal of Industrial Microbiology & Biotechnology,
2010,37(3):271-278.
Singh M, Patel S K, Kalia V C. Bacillus subtilis as po-
tential producer for polyhydroxyalkanoates[ ] ]. Microbi-
al Cell Factories,2009,8:38-49.
Kumar T,Singh M, Purohit H J,et al. Potential of Baci -
llus sp. to produce polyhydroxybutyrate from biowaste
[J]. Journal of Applied Microbiology, 2009, 106 (6);
2017-2023.
MRS, BB, RS B P A% PHB & ™= Wik
TR WS ]. B R AR E R, 2010,212(3):181-
184.
Xue L. G,Zhao X,Jing C E,et al. Study on the applica-
tion of Nile blue in screening of high yielding PHB strain
[J]. Biotechnology Bulletin,2010,212(3) :181-184,
EER ETT . TER. S EYTERMEHERPEE
TEER A WA F 1], 2,2010,39(3):100-102.
JiAY,Cui Z F,Li C L.et al. Breeding of producing
strains of the biodegradable plastic poly-beta-hydroxy-
butyrate[ J]. Plastic,2010,39(3):100-102.
MRS B, RE, 5F. PHB BB M & A i
J7 ¥k W LE B 2 (0], R A AK T, 2010,39(5) :633-636.
Xue L G, Chang S |, Zhao X, et al. A compareative
study on the methods for screening high-yielding PHB
strain[ J]. Applied Chemical Industry, 2010, 39 (5):
633-636.
Huang W E.Griffiths R 1, Thompson 1 P, et al. Raman
microscopic analysis of single microbial cells[J]. Ana-
lytical Chemistry,2004,76(15):4452-4458.
Petry R,Schmitt M,Popp J. Raman spectroscopy—a
prospective tool in the life sciences [ J]. Chemphy-
schem: A European Journal of Chemical Physics and
Physical Chemistry,2003,4(1) :14-30.
Huang W E,Li M, Jarvis R M, et al. Shining light on
the microbial world the application of Raman mi-

crospectroscopylJ ]. Advances in Applied Microbiolo-

2015 % 12 B % 22K % 6

(15]

[16]

(17]

[18]

[19]

L20]

[21]

(22]

(23]

gy,2010,70.153-186.

Xie C,Dinno M A,Li Y Q. Near-infrared Raman spec-
troscopy of single optically trapped biological cells[]].
Optics Letters,2002,27(4):249-251.

Law ] H,Slepecky R A. Assay of poly-hydroxybutyric
acid[J]. J Bacteriol,1961,82:33-36.

Kong L., Setlow P,Li Y Q. Analysis of the Raman spe-
ctra of Ca?* -dipicolinic acid alone and in the bacterial
spore core in both aqueous and dehydrated environ-
ments[J]. The Analyst,2012,137(16) :3683-3689.
Notingher I, Verrier S, Haque S, et al. Spectroscopic
study of human lung epithelial cells (A549) in culture:
Living cells versus dead cells[ ]]. Biopolymers, 2003,72
(4) :230-240.

Gelder ] D, Willemse-Erix D, Scholtes M [, et al. Moni-
toring poly (3 - hydroxybutyrate )
Cupriavidus necator DSM 428 (H16) with Raman
spectroscopy[ ] ]. Analytical Chemistry, 2008, 80 (6) .
2155-2160.

Furukawa T,Sato H,Murakami R,et al. Raman mi-

production in

crospectroscopy study of structure, dispersibility, and
crystallinity of poly (hydroxybutyrate)/poly (L - lactic
acid) blends[]]. Polymer,2006,47(9) :3132-3140.
Izumi C M, Temperini M L. FT-Raman investigation of
biodegradable polymers: Poly (3-hydroxybutyrate) and
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [ ] ]. Vi-
brational Spectroscopy,2010,54(2):127-132.

Degelau A, Scheper T,Bailey ] E,et al. Fluorometric
measurement of poly - beta hydroxybutyrate in
Alcaligenes eutrophus by flow cytometry and spec-
trofluorometry[ JJ. Applied Microbiology & Biotech-
nology,1995,42(5) :653-657.

PMEETR BB, RS S — MU R R P R R
A ER AL W R R B4, 2011,40(4) : 87-
89.

Sun Y F, Wang C,Cheng M X, et al. A novel system
for selection of polyester biosynthetic bacterial J]. Jour-
nal of Henan Agricultural Sciences, 2011, 40(4):87-
89.

(GTEHRE KEE)

669



