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B E AMENGEDSTEEMER DGI7 UHHEEIREELMEDEMEEATRA
ARG HETHFREYTRIESERESY — R ERBNRE (PHAS) WA WA T DGI7 I
R Y REGE DS FIE, FERH GCNMR B4R FRUSHMESOHT IE4HNS
WEE, BAETRT PHAs MiSHSREREN HEEZH EREAXG T, RARALET S
E.DGI7 ABEREAS R PHA. EH RBENFET. AR LE, SIMRANE—#AK
SN R (BETR- o BEEB)MHIEY, VRPN ERREREN 0.5g/L, %
B R 20 ZF F AR P(HO co- HD) B AEREAENEH L TR Y 1.16 1078, 5 TRA®
R 2. 43 HBRABRE RIEMEE SN T,= - 52C, To=50C. BlLE, U&RAE
8 PHB. & R AV # E T A ESRB IO EERENM DGI7 £V RBENEE
1.

X@iE £ERARSY. ERELERE FRETHEE, P(HO-«o-HD)

¥ 2 i M Al (Polyhydroxyalkanoates, PHAs) B — 8 i AW & R4 S W R H 4
MEHREREY AR EREIRMERERYERE CNREA, RB)WRGT, FEHE
MR ERAMHECRLSHEE, MELAKRFEANBEREEFSHY PHA, (E R BMERK
YR LR PR G S B, A TR X PHAs tHE B AU, LURE
EREFDFEENER Al PHAs BA T2 E PRERIEREHHEEE. & F PHAs 7]
LB 2 HEE L ZRE SR EARER, HRAERERN. FEESYS TR
Bk 10° B b, PHAs 7 B R SR8 -h ] T 2 BB 5K # B4R, SRR ), i5IE
AT IR &) PHAs PIEHER R TR

Lot
£ CH—CH,—C

WEE WL R BB, M5 B P E BEE 9 A R, PHAs WHEERTTUUMN B S S &8
s A ek R EYRRREEYRBE HEES R
it K 5 R RS WA % sl BRI LRR
AEYBEEERQG-BETHE)(PHB)XEY, LA I-RETHMGHB S 3-2E R
GHV)WHEY, M A& RESEHREESEN, SR E LR, KA —BHE T X
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F 4 8 (R = 3 ~9) (medium-chain-length, MCL) # PHAs, 5 — B8 #3044 1, o {3 7]
15 300% DA b —fG B PHB M 41 8 A BE & B MCL-PHAs, R Z R R & v R S B Bl
Pseudomonas oleovorous. & & f B B Pseudomonas putida BRI R B £ # B 4 i MCL-
PHAs # B .

FERFEHR FE R DGL7 LR B YRE SR PHA A KHE, HERWERE
YiEAT T GC."”C-NMR.'H-NMR %5 24771 DSC #5347, # B GPC# T T B 599 F
BHMEF#TT HANERTRFR.

1 SCEER4S

1.1 &HREBREEY PHAs BINEWS K
1.1.1 BEFFREWNAF IKE 7€ 1000mL A EARIE M P K8 KBCH 400mL &
BEFRE, EREAM N .0.52/L (NH,),50,, 0.4g/L MgS0,* 7TH,0, 9.65g/L Na,HPO, -
12H,0,2.65g/1. KH,PO,, 10g/L ¥ ¥, ImL BT £ . 10mol/L # NaOH Z5 ¥ i 45 15
FE pH X 7.2 RIGFE 115T .0.8MPa A &4 F K & 25min.
1.1.2 AFEFENHE & S00mL AR FHAFEKES somL Wi FREEE H
HA: Se/L NaCl, 10g/L B E B, Se/L W H, M5 E pH & 7.2, f 121T,
1.0MPa (1 %+ T KB 25min. R)J5 M FARIEFRE EEE A AR5, 7 30T,
200rpm & F T HEFTIEMUIRFE 17h.
1.1.3 PHAs ¥#l% ELHEHFTH IOnLHFFEHZEEHTCRENERIERES,
WIS TE 30C . 200rpm H {4 T Mg FF 48h.
1.2 PHAs Hgm!s!

HEEE O E, BRIMEAG RS KRERK. AEHREEBE S &4 FikgkT
B, UBREMET S HHAKS. 11 R (10mL S /g F 4 M) FK SRR G  iE
(30vol% ) X T HMHITRR. 7£ 30C TR P 0min, REE-L2H, WTEHILME, 3£
AP 10 589 95% 0 Z BT UliE . .08 3 PHA, BHER ZEER, FE.
1.3 ST
1.3.1 SHEEGOMTTARTESYEERATHHENNSES HRTRENTH
B HE S 24 PHA 50mg, 2mL 8{4, 2mL B b (A R & 3vol % BIIR BLEE & 2e/L 19
EHRENT) THRANBECE P, WEFHET 100C TR 150min. B HE A
ImL MK, BE 2min GHE, FEPHEEAHTLMEE R TEEMH AL FEAS
HE R P T
1.3.2 NMR 74  S00MHz-'H-NMR & 125MHZ-"*C-NMR 7F Bruker AM-500 #% & it
RN EF 2IC F T ES D mELSH.
133 DSCHMEBMELBE T, REBEE T, SmgHESERSRIFHEGTT
DuPont 2100 Bl7R 2T B - 100C LA 20T /min §38 BF ITE85)] 200C .
1.3.4 GPCHERSYA TR LIWSEm(THF) R %, #| A Maxima 820 GPC 88
BEAHNEZERTNE PHAN T TREARY FROM.
1.3.5 REMLR 40 .5: 8 PHA MEERRBUSEANILE S B &S, 43044
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HEBTHAYEEWEESRRAAP S L EE FHRHEHTHRE, MERGHDE
BETRERE.

2 SR 5vE

2.1 B DG17 LIWENLRESENES NS HERIT

1.1l BB EETFT, BN DG LHEEIRFESAMES YR —RAEH
Mk % MCL-PHA p{b 2 WX X H.PCNMR #ELE 1. B 2.7 LE L, HE
FDGL7 LHIEEIBRES MRS YIS AR LM - RRENRL LEEHE
EHENLEY, R—aEEMEREINRREIBERG TN ENER BEeYnt
EEMBTHIBEERG-HOMIBEZKIHD), UALBN IBRECR (-
HHX).3-B&+_MG-HDD),3-2E 1+ WM G-HTD)HE. URIFTEHARGE A R(BE
FERRE-co- PR LBEDIEEY, /¥ P(HO-co-HD).

WBEFBRAYMY GCBE (B 3)5 3-HB.3-HHx.3-HO.3-HD HE kit & B ir il
GC AR E(E )M, AR ERSWHNER, F it EE RSP EEWERTHE
RE A TEE 3 anR 1 T SR X i 93 & Y hh 45 M B o A R & e A AR B o 1) (B op
WHAGE R BT REMGK, FEEEPREY 3-HDD K 3-HTD & B, 45
15.7min % 35.0min B35) . 7 1.1.1 TR EHT DGL7 A FHER S RN R SYVNEE
ARBERLEL

14CH,
13!C,H2

12CH, 12CH; 12CH;

11CH; 11CH, II\CHI

10CH; 10(!}]2 10CH, lO(l_‘.H;

9CH, 9(|3H1 9(|1H2 9(|JH2

S(I;H} BéHz 8(|3H2 8CH, B(lZH;

7(|IH2 7(|3H; 7|CH2 'IlCH; T(Ilﬂz

6(|1H3 6(|IH; 6(|3Hz 6|CH 6(|3H; 6CH,

5(|ng 5(|IH; 5(|:H2 S(lZH SCH, 5CH,
4CH, O 4CH, 0 4(|:H2 0] 4éH2 o ll(lle 0 4(!,'H2 0

I | | I

—{ 0—CH—CH,—C3:(0—CH—CH,—C 3 ( 0—CH—CHz~-C3: ( 0—CH—CH,—C3%(0—CH-~CH,—C 3, (0—CH—CH,—C);
3 2 1 32 1 3 2 1 32 1 i 2 1 3 2 1
3HH 3HO JHD 3H5DD JHDD 3HTD

Table 1 Properties and compesition of PHA synthesized by DG17 from glucose

Relative amount of repeating units in PHA {mol% )

M, M. M./M, T/Ta(T)
3-HHx 3-HO 3-HD 3.HDD+3-H5DD 3-HTD

2.4 21.3 70.1 5.2 1.0 1.16x10°  2.82x10° 2.43 -52.5/50.7
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Fig.1 "“C-NMR spectrum of the polymer extracted from DG17 grown on glucose

2.2 E# DG UWENLERR S ERE

ACUMEERE, R TARARERRE REL OU/NEHEEERSHREER
TR .BESREEXN DG17 § 8 PHA HEMHEE.

R2HAMMEREN 0.5¢/LE, FEBRELMN IR TERERAREYSENE
W.HFPRETUEL, RAREAKET S G, A A kB EH AN SR P(HO-co-
HD), ¥ A TFHRERMMNTEMN P(HO-co-HD) R BERA LB M E LA %
BERES BN X F.DGL7 TUA ARENERY AW AR IREELEKNE K
PHA.

e CHy
d ((I3H2)n e
g CH;
c l"-'HJ i GH
d (l|:Hz)m h CH
¢ CHy O f CHz
-—O-—(l'_'H—CH'I—C'—O—CH-Cﬂz

b a b a
m=13517°% n=4 ¢
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Fig.2 'H NMR spectrum of the polymer extracted from DG17 grown on glucose

EEERAL R L5 B, RERENEH DG17 § B SR W L& 3. BREIEY
EBRALN 15 WRETRS, REVTEHLFRNBIM PHA B R 5RINGTHE T
MWER . HE3TUEH ARALREACLARRERBORGT, RELKRE
BT RET 1o/L o, B A HBUE P(HO-co-HD) . WA BEERES TS F 8e/L 5, AE
HHR PHB. R E AT 2~7¢/L Z (MBS, 4HE (5 9 RAR R ALAT PHA R fE T B R IR
HFMET, R E S REREMHX S BEHE DG17 W PHA A SR EH
RAMFTBAT & B MCL-PHA B &, M BER F SREREHBE T —EEUAE,
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DG17 X #mF & i PHB.

1.08

1 7.04 3-HB 333

[ 3-HD iHO
3335 1.73
3-HO 3-HH:
7.06
3-HD
3 HHA
t 72
1554
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Fig. 3 GC spectrum of the polymer Fig-4 GC standard spectrum of 3-
extracted frotm DG17 grown on glucose HB, 3-HHx, 3-HO, 3-HD

Table 2 Influence of C/ N ratios on accurnulation of P(HO-co-HD) by DGL7 grown on glucose

C/N*° 5 10 15 20 30

Biomass yield(g/L) 0.89 1.18 1.52 1.93 2.14
PHA vield(g/L) 0 0.38 0.64 1.02 1.40
PHA content in biomass{wt% ) L] 32.0 41.9 53.0 65.6

* The concentration of ammonium sulfate was 0. 5g/L.

Table 3 Influence of concentration of nitrogen source on accumulation of P{HO-co-HD) by DG17

(NH, )50, Biomass yield PHA yield PHA content in biomass

(/L) (&/L) (&/1) (w1%) PHA obtained
0.5 1.52 0.64 41.9 P(HO-co-HD)

] 2.02 0.82 40.8 P(HO-co-HD)
2~7 2.30~2.41 0 0 No PHA

8 2.60 0.60 23.0 PHB

10 Z.74 0.61 22.4 PHB

2.3 DG17 281 P(HO-co-HD) B PHB BB FINA

PHB 75 J5¥E75 B RAK PR FEMRLE RILE 4. I X PHIETH B PHB £ KT R KE
EEELWEEY, MEEESRPT PHBER TR ESHR, 3 AHERR LR
93.2% . P(HO-co-HD) ¥ T iEHETS I PREMAY t PHB 11, 1 AJG S RAIE 2B
BB, HEmEAE R TER T YL, et & F PHB W%, S5 EH, i P(HO-co-
HD) R M EDBAHBIRNEG S XEERXHMEDEHANREDREGEFHD

YRR
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Table 4 The degradation results of PHB in activated sludge and pure water

Time { days) 7 14 21
Weight loss rate in activated sludge( % ) 20.6 53.5 93.2
Weight loss rate in pure water{ % ) 2.9 4.0 6.5

Pl s, aREERAA T, B DGL7 TUERKNEES RS
65.6wt% M PHA, R—BAFREHNER FETLLES B ANERES RS TES
i 10° W LA MEBYE M P(HO- co-HD) sk #4388 ¥ 89 6l PHB, X B — B PR ET IR B 89 45
OB A AR TR H DG17 M PHAs WA BT TR, X¥E HB S
MCL-HA 3t By, FI A MEE HA 5 LTk E& PHB 4 L4W, K8 ¥ HER
HFHRETREREEYHE.
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MICROBIAL SYNTHESIS AND CHARACTERIZATION OF
POLYHYDROXYALKANOATES BY DG17 FROM GLUCOSE

HE Wennan, ZHANG Zengmin, HU Ping
( Department of Chemical Engineering, Tsinghua University, Beijing 100084)
CHEN Cuoqiang
( Department of Biological Sciences & Biotechnology, Tsinghua Universitv, Beijing  100084)

Abstract Poly(3-hydroxyalkanoates), abbreviated as PHAs are a series of bacterial storage
polyesters, currently receiving much attention because of their potential application as
biodegradable, biocompatible matenials. This paper studied the influence of glucose as the
carbon source, nitrogen source, and phosphate on the structure of polymer synthesized by
DG17, a mutant isolated from oilfield. The structure of polymer was determined by gas
chromatograph{GC), nuclear magnetic resonance (NMR) analysis. Under the experimental
conditions, a thermoplastic elastomer P(HO-co-HD) with molecular weight 1.16 X 10° was
synthesized when concentration of ammonium sulfate were not over 1g/L. But thermoplastics
PHB was isolated from cells when concentration of ammonium sulfate was up to 8g/L..
During these two concentrations, no polymer was found in cells. Concentrations of nitrogen
and phosphate maybe have great influence on the pathway of PHA synthesis. 5 was the
lowest weight ratio of glucose to ammonium sulfate needed for DG17 to accumulated PHA in
cells. Both P (HO-co-HD) and PHB synthesized by DG17 from glucose lost up to 90%
weights in activated sludge in one month.

Key words Biodegradable polymers, Polyhydroxyalkanoates, Polyhydroxybutyrate, P(HO-
co-HI}), PHB



