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EFFRAESCH 3-RETRS -2 A XKBEARY
EEERATT

HEL BORT OB W KRR AN

(BRI =W IHEER T8 214036)

B E FEERET, MEESBITR(Alcaligenes eutrophus )] 3B R THE 3. B2 R#8
EF 4 (PHBV) & Bt P BV @871 M PR RS B0 BT (A FRobn A B 4T T B 5,
sEHE PHBY S HVHA S BESHARHB WA AR M ABE SR, FEAEEN
AR B R E MBS RSN SR AR RERRERE T kBN HV A%
G, BSHEMNE R ERN =S 8. BEx 20 RS PHBY & BB EUE IR i
B/ BMEBSHABRNRESEMILR, FESESER PHRBV K E HVHS TR . ETRE
EERASEE b, B8 T A PHBV & 5 B I RO 3/ R LU 7 B B (R XS B A BE T
F BT A B 1 00 9 S TSR g, FEM SR F T, 41T . PHBV & B f PHBV & BRI HV R4
4y REF 52.1g/1.,40.8g/1.,78.3% 1 16.2mol% , HV 1 5r M B M =R EH K 0.58/g,
PHBYV (4 £ =3 JEAH 0.74g/(L/h).

X|iE EBEACHIEJEBEETERS EBEENMITEY, BB T

S%S TQYW XEBIFIREB XMEHES 0001-6209(1999)03-0247-54

B 5 HLEE R (PHAs) B A M 7E A 600 4 S R T RUE M — K RER, R 5E
A, PHAs BEE MM AMEAHENEMH, HPR 3 BETHR(PHB) 2 W&
BRMMT e £k, H PHB B THE KWL ET I FEEE, SR EmE
AT &k 5 - RE RS T PHB W AR, Y4 PHB A HY s E
i PHBV &, b 4ERE HLE B4 PHB A TR KM o0, et F2 1K, MR %, Ky
JiE Rz R A A

PHBV Bk B WMARXTE B B, A. eutrophus {E LA B & 88 Bk UE S 6 PHB #9338 o,
o] B P NN & A 2R RUER Y A HUBR 9 BT B, BbRE £ PR R PHBVP] T A PHBV 1t HV
H45r& B E R OE A A 5 A VLER Z A R IE R, BB R BHY A
FRAFAN HEESRIERDY,

1 PHB #8251, BT PHBY B9 LAk b= R 32 i H Frm s i Bk (R A = a4
i35, B2 PHBV o HV Z04-& M AiHE B A WG (PR kB ) A e s, Ty L ZE Bl e JE
Bl 3 g A KR e G B A — B e A ), T A A 3 PHBV R BE R ETHM
TR AR, 55 & 2 B AR PHBV 3B . PHBV 11 HV £A4M1 BB /R4 3R \PHBV Y4 Pes
1 HV XM AR R RHEENN SR E, BE LBOVE Y PHBV BRE&E, AR 1ERE
. PHB HE KB # ) PHBY MFET, XEHAE P RAE T T E.

* HF ABRHEESTH(Ne.29677011), BT E &H B E £ H (No. 95039)
e f AR
I # H 87 .1997-09-05, 1 B #7.1998-01-24
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ALEREETAMENR A B IASTRX PHBV & B/ B, FE B b, #F
KT 2L PR MFEERR AR S X PHBV ZBEF & Mg ri g, £ 7 /g
PHBV Nk BRI 8 R,

1. A7 &%
.1 BFp

HF WA B ( Alcaligenes eutrophus YWSH3 (R ERES),
2 HEIER
2.1 BEEFE . FFEFEN TN OTE RS K6 MR,
2.2 RERRGSFE . TOHLIC R B NER RS S b BUUR B B RN BRIE, pHY. 00
3 HEER
3.1 BEEFRBECHRARREFVNAEERYERS 75ml F FHEFEM S00mL =
M, R N 2001/ min, BN 30T, 3555 24h;  10% MIERBEA X BIERE
1, 500mL = AR E N 60mL, BMFEE K 2201/ min, IRE N 30T, B3 8h &F, I
TER L 3 B AR B & AT P RR Y M I
1.3.2 /BT 3% 10% R FEE AN B (it INFOR2L & AR B, 4
SEEWR O 1.1L, MEHEERAE 1%, BiMM&EEE 0.3% . REREHEHE 30T
0.5CAH, pHEHR 7.0+ 0.1, BSE N 1.2~ 1.5vvm, BHEEE H 600~ 12001/ min, KA
BHBETMREE2% U £, EEEREBUEKAY oH HFE A B ENTFBE,
51 K IS EUH 3mol/L & NaOH # 3mol/L B H,SO, 3845 pH, 10h B 3% 5 HE &
B RABAT AW, HERRFO I RS RATF e S &K 7 PHBV S BT &,
Fm—E WA EREESNRYESW, S8R EERE 1% AL, LRy
HRBITHBENBERREN, N XHER 1.65¢/h BE 0g/h. HANERF LT —T4
REREFE B B, DU A B F I R B BRI
1.4 Ahh&E
1.4.1 SEFHEEMNE . R HABEM Berthelot & F#!,
1.4.2 WEHESEMIE.3.5- ZHEKEKE,
1.4.3 HAHEEEEBYNE.BABER 4. 5mL, 6000t/ min B0 Smin, /K% 2 IR, E=E %
FHEFRE,
1.4.4 PHBV 3 EMFREKFENNE . THEHEP,

=

Lo T

2 BRI
2.1 RS IAREFAA R PHBV RBE§MW

PHBV 24£ PHB Ji Bt &5 KB R A HV BRI A LU &8 0 IR IE, NER Y HV
2H 53 BUR A, FE8 L oP R F R BK A BUTR BR B9 7 SR BE1T T TR BR A0 45 A B[R] A B B X
PHBV ZBERE MBI A, SR LE 1o

M1 ABLES  (DEEBERM(3 h ER)IMATRR, B THRIELST4EKEER

© PERFRMENHRATIHKSHEE http://journals. im ac. cn



3 EERS ARTRITESH - BETRY 3.2 E B RY AR TR 249

B, M{EN HV HS SN AR EEE R BT — S8, KRN MANR, 2#H
kKM PHBV &R EEER 2 BIE RS, ~HE W BAEH A T EM PHBV =&, B
0 VE F RE S IR NN IR B Y BT K, R T A R EERTHI A R ER, RE R &4 PHBV
HV 4945 BENE, (HMKTEM PHBV KERK. )EZETPHOELR)MARN
B, H T2 BRPEECERZER, SIRELTESRY S BB, X0 AR T LAE
PHB K Bt & B #9 B I #t A HV H{k, A {E £ 2574 PHBV & HV A4 & BEE, &=
PHBV ik E thia. (Ei &M N E SME 4 PHBY & R IiEH, £ PHBV B 1]
BFR, GELZBEHQSHAH)MARR, i F PHB B KE& M, WETIMANR, &
EA R A B RRE, L% PHBY F HV §BBREK. B4 TIERMRARN
ARTHE A BB LT K B9 PHB ¥ B, % ~4 PHBV & HV B{E i S RARIEFEM
NG P BB B B — KW, iX & 8 =Y PHBV #9AH R RE

%1 ARNTEVENAHERNARY PHBY B4 HHER

Table 1 Influences of initial addition time and propionate concentration on PHBV in shake flask

51 2:PK uE8 BRI MEFE PHRV & % PHBV & FF HV A% BB AR

A ] AHERE Cell dry PHBV PHBV B IR ;3
Propicnate Propionate weight content concentration HV unit Residual
initial addition addition /{g/L) /% g/l /{mo! %) propicnate
time/h concentration/ % concentration/ %
0.1 21.4 80.7 17.3 10.9 0
0.2 21.0 76.5 16.1 13.6 0
13 0.3 15.5 63.1 9.8 23.4 0
0.4 11.2 37.9 4.2 28.5 0.13
0.1 25.9 78.0 20.2 10.5 i)
0.2 24.2 80.1 19.4 13.2 1]
19 0.3 17.9 72.5 13.0 15.3 0.10
0.4 13.6 53.3 7.3 25.6 0.22
0.1 27.0 79.3 21.4 8.3 0
25 0.2 24.0 76.5 18.4 10.3 0.29
0.3 23.9 70.9 16.9 11.5 0.36
0.4 17.8 67.4 12.0 13.8 0.53

CATESEH AR TR N 0.3 %, W RIUEIRE 5%, ITRE I, 95 UK D0 RE [T RGBT ) 8h.,
[nitial ammonium sulfate and glucose concentrations were 0.3% and 5%, respectively. Propionate was added for three times

and the feeding interval time was 8h.

BT R, BRI AR EMERIMABRE W PHBY S MPA M EERNE. F
BR RIS A R B, RE W AR S HEE HV A48, Hh TR EENEK
HEHASMEER, BAMART EM PHBV IRESUHE TR WEMAMR, =+ HV
W4 BRI TR A MRERTESYEREFMEER, FEHE AR
FH MR, FRUETEMAMAYZROFHEXEERNE, MABRERETUA
BRE BV 44538/ PHBV,
2.2 2L & PHBV BT ENK L

FA SR PHRV, —F A& E8F HV ER2>ERRX VIBERRTHHLR
w1, 58— XA BREN &M PHBY £/, WNIBEETRERTLIA L, WK
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B RIFIA0AN B & M 5 0 PHBV B9 %30 & BE 3547, fE 0 HV 84 1 Bl — TN B Y
BEEMARBESMABERKEBEEREERY B KESRANE. E£HE TR
ABHEG, B HV Ao S BENERFTESHEMANEBERE X, WAWHFBREX,
fir& ) PHBV f HV A4S BB SAMANES, EEREANBRSMBIEE S L B8y
EE, SHE KA PHBV R, S HAEMRE TR, T/ BR8P EERmE
TG R ARER - X MAFRESEMY EHEENETEN, ENHE S ENTRRI
yilipy &
2.2.1 ARE#HEHE 5K LA PHBY ABEEM W 1§ PHBY RS E Dk
KRR BB B A S R A, P A B R T BOR T A (1)
FBAEKHE. BT A. ewtrophus BIEFERABEREINERTBRULSERARE—CRE
#7 PHB, 8 PI7 ¥ PHB JBU%. 9 72 7E £ 3040 40 0 i B3 65 7, B IR 844 19 BL A el &R0,
] BB 5 B R W B R AR KB Br PHB 9 R B, 7E 5 S AT [B] Y BB 3R 15 B X B AT 44
Bdh ., SRR YEEEROEREER, RHEYER A HTEEE AR
o, B e sy tol

F(t) = Yxfg((gflOS)exP(#t) (1)
ro A (h) s SR ER AR EL AR KB AR (™), A SCPIRE R 0.15h7 1 S, MWL
PRI R (g/L), 23X 8 500g/L; S KB RAE R E (g/L)s F
Ce) : FLOEFR(L/h); (VX ) IR S P MY R B (g): Y, s R B A 23N
AL (g/g) B XHE 0.5g/g. (2)PHBV FRE W BE. 7RI 00 35 B 3T oy X 48
BIAC KA, B EPH AN AREELERAOBESEREEG, @RERER
G, A BRI RS BB B, I a T AR I AR SRR KR 1001 AR AN,
DA 40 B & B PHBV,

REEZENE 1, NERER, FFddE KR, EE A EEREGESE M, K

3,0 50 50
:E h 3 ] ®
237 S®F ©E
ﬁg i ~ ~
g 40_ Em- -wi'ﬁé
® 5l ° | §E
—_ R R-]
3 imu. 1205 -
}gfgm_ i 1 & F
& =t 40>E
50 £ ' 0z
23 1
® o o 3 0

1 PHBV KR IRETHERIL A 101 HESEHTILHER
oM T ;o PHBY & &, w¥% @ @ B : OPHBV B s s HV A E ;v PHBV 51 HV #1534 38,
Fig.1 Time courses of PHBV fermentation with the ratio of glucose to propionate to be 10:1

»Cell dry weight; oPHBV content; MResidual biomass; DPHBV conc. ; aHV unit conc. ; < HV unit in PHRV.
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HIRE M PHB BB (M N PHB 285 9% A2 %), X 20h 41 W B 45 B0, 58 80 S K 0k
JEGE 19.5¢/L. MR A 1001 AR WS, MM TG4 #4434 PHBV, )\ HV 4
SR ERBE RS RA LML IE S, PHBV F HY A4 0 B RER . M PHBV
MEBEE MR ES, FEELERMBRANZSEDERE R, 200 UE, 218
TG kB & PHBV, MM T ERER ., & B4 uf, 498 T &, PHBV i & # PH-
- BV E &L K HV W5y B RS A5 FIEF] 55.0g/1..44.1g/1.80.2% I 10. 1mol% . M

20h 2 R EELE i, PHBV B F3 & M ZE K 1.24g/(L/h), PHBY f HV A T4
G HE R 0.15¢/(L/h), BT —H5%% PHBV S MM B 0 A [F o9 BEBS Ho X R BEfY &

e, A HEAR L A 6.7: 1L AT 5:1 *¥2 TREWMRIETE pHBY RBER
iy A 25 1k 4T HEAT T W %7, Tzble 2 PHBV fermentation results with different ratios of
AR HEES b T P BR R B vk AN Blucase 10 propionate
v gie £ N ) B ¥ Ratio of glucose to propionate 10:1 6.7:1 5:1
K PRETRILE E jﬁ:]ﬁ 2o ] B BESE R Results
B2 AAFEBERE TN g e/0) cel dry weight 55.0 46.4 38.6
Eﬁ%ﬁf%mﬁ@{t EH%%O ME] PHBV ¥ H (g/1.) PHBV concentration 44,1 33.2 25.7
AT L , = PHEV & #&/ % PHBV content 80.2 71.6 66.5
‘:P—L B i EZ;E]E@#%@I:E HV #5r B /R 5 2 (mol% ) HV unit 10.1 19.0 29.8
—prn%%q:ﬁ&%eﬁé’]ﬂ%’[‘t PHBV R4 gis i " /(gL h 1) 1.24 0.92 0.68
ﬁﬂ A~ 8] , 2 %Eﬁ Bt 25 10 :1 PHBV average snythetic rate
B, RBEHCH L RPFBAUR, Y RAOTRARAL /(LD 013 021 0.2

HV unit average snythetic rate

e
Eh:bn)\ EAJ [ ﬁ %& gEH Hﬂ T £ jFI'J HV A2 XA MM PR £ B (g HV/g propionate) 0.54 0.36 0.3
H. HE E PHRV 'I%’BE Bit Bt Vield coefficient of HV arit to propionate
Frift neBEBRIR S H T BRIy, PHBV 788/ (g-L 'h ') PHBV productivicy  0.82 0.61 0.47
WM E /% Residual propionate concentration 0 0.1 0.19
Bl i 3% 00, TN B8 2 16 AN TR B A
HMZEHME R, MUBERE Y

* PHBV & BBV EE P ¥5{H . The average value in PHBV synthetic period.

6.7:1 B, Ak 22h 5, R 50'5_

HTER G R, T 2 R 204l

% 5:1 B, H0ER 120 S5, RERTT # g

VLR H7 IR IR R B §§&%

AT 20 L 1 35 4 T T O MG, R -

PN %) 1) FH BE 7t AN BB T B g; 1

LR AR A 6.7 1 % o1}

501 WF, i ANES Rt A B W

b 7 Rk 43 B 0. 13% 0 Yo T R
0.21%.,

P NGE ] A ey I8 2 [F) G W b F P8R A0 9 O BT AL B 2
P4 R & E 2. WFEFA WA AN E 2 H 0l0:1,06.7:1; m5:1
VIF E, PHBV F HV 43 Fig 2 Residual concentratios of propionate under different rations of ghucose
FE IR 4 2 B8 O I HoRE R L R to propionate
lﬁjﬁﬁ’E ﬂ:, Eﬁﬂ?ﬁ@ H.’. ?J{:WLJ Ratio of glucose to propionate; @10:1;66.7:1;:m5:1
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48 HV A5 4r BE& AHEIF LR, X A & By SRR AL TIRIE, (BEIK
{878 HV A4 W38 Y PHBV, W@ B LI & 0 R B A 7= A AU, B0 EE & i
HEEES G TR, R HV A0 P14 s KN, (B PHBV ¥ & fiE R & TR,
SHEA™Y PHBV #HEEN S BEHERME, ARPEJLUEL, ERINETER
H. i T B, PHBV #9 4 Pe@ B T /Y P R A SR 8 T . Dol VMMt gs R &
HA 24 LS B2 VE 5 PHBV 1 HV 589 & BATKRT, - F B CoA S8 LB CoA
i f ) HB M & ME R, KERPHRGME, &0 0 PPIBt CoA AU,
{E T B CoA 18] 28t CoA FR AT LLARIFH N, S8 HV MHAEBHM T ER TR, WX
kBT AR IS LR R R A BR S ) HB 49 8 & B, AR PHBV M E b
. AMLAESZIREEEFRAEHNASTET, BERGREN PHBV KA, X
¥ iH PHBV &2 HV A # & BEH, XEXN PHBV £ B oL 22 S PR A i i R #1740
(RN
2.2.2 PHBV #HiingEiTiEahfilt

ST AR F SRR H T R EBESS R A AT, A LURNE, 7E PHBY & U, BT ER Y
FIFHBE AR TR, MR TRTRBHHERNSREKMEEN PHBV §E N, 228 %
PHBV 4 7= g2 i 38 i, (8 i 48 PHBY & BB B R i f¥EBR LU R R B B P i X A
MO B BE ST T RETT AR R, T REIR3EE M PHBV £ B EN HV An S &,

% PHBV REE 2 op KR 858 b T TR BR B B AR, 7T LAY PHBV & BB B B %
B TR TR S A A B R L BEFT U0 MK, B M BUIR MR B R Y A KR A E R G, ol iRt
51 WIRSHE, AN 10h BRI 6.7 1 IR EW, BN 100, RIGHR N
Em 101 iR SR ER R ML BEE R,

K B ks At PHBV ) & Bt T8, PHBV R BB B &SR EL
W3 HE 4,

] 50 40
- [ 460 — : o~
%m- : = 1 &
A 7 < A ] -E
1 f 430 2
£ ol 1% = >y
8 | . - < o} g%
3 ank ] ~ &
2 .50;% ~ 10 #
W 20} ] O} %
= 1 130 < ID-E-E
= ] Z 1wl 410 =
& 10} ] s
3 -_10 :% [ 1 E
0 0 0:- 0

M 3 PHBV ZBEC L & SRH B F s
oHifl T & ; oPHB & & ;cPHBV ¥ ; o HV B4 E: o HV BB R A,
Fig.3 Time courses of PHRV fermentation with optimizing control

oCell dry weights ¢ PHB content; gPHBV concentration; aHWV unit ¢oncentration; wHV unit.
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ME 3 Fuf Ll FE M, £ PHBY &
R B, BEETNER A9 M\, PHBV

2.0? 207 0.20

HY @4 TP, HY Aaemmn | T 1,
BERATHEANER N, PHRV IR ER ~ | 3 1 ;g%
PHBV & Bty # 8 hn, A MWm £ b < "
PHBV (9BLR, WUAMBT R | 1 0% §
ik, W 4 HTLIE, EPHBY 5 P S T omgi
& BB, M T NIE & W R AR E B - : ' §

T 1A T ) R AU T R AR BB, R ; ]
R H TR i FR R AR /D, M T LA R A 0
R (6 55 vk S KT 4 R 925 4 9 10 v

WIER . MR BRI RETER s ot b s T IR R

£ 1% Z A7, B LA R G Y 0 O BB I o 2 LT U s m R B PTRRIRE
EF' ﬁ%ﬁ #J Y‘ﬁ E, ;F & HTJ‘ T}ﬁ %ﬁﬁ ﬂu IE Fig.4 Changes of gluccse, ammonium ion and propicnate conc.
$ s l’j\ éﬁﬁ’ﬁmﬁffiﬁ gl E@?ﬁ @ W o with optimizing control

Z—tﬁ%ﬁgrj, ?Eﬂ@:l:ﬁ\PHBV m @Glucose concentrations ¢ NH; : mResidual propionate concentration.
¥ .PHBV & &/ HV BE/R4r 4 85 5] 52.1g/L.40.8g/L.78.3% 1 16.2mol% , HV 4
AR EEZY Vi wm y 0.5g/g, PHBV B4 2R 4 0.74g/ (L/h)

M R BTTLAE N, RARALHRBAENKES, i FRFRESE T 2BLBRPR
AR ERE, REMKTFEM PHBY ik LB L5 100 | AFBEE K, {E PHBV ## HV 4
SR RETERNRS; MESEEEL Y 6.7:1 5 5:1 B R BEY B, PHBV 3K E
1 PHBV B4 =8 #A TR KR, Yo s F T H B AR S, FUETE 8 A8
i MEEb oy HV A4, B a4 —& B LFRE PHBY & BEA P~ A,

g F X K

(1] %EE. PEE, 1996,1004):1~9

[2] Lee SY. Proceeding of the international symposium on recent advances in bisindustry, Seoul, Korea, April, 25~
26, 1996,

[3] Leel Y, Kim M K, Chang H N et af . Biotechnology Letters, 1994, 16(6}:611~616.

[ 4] Dot Y, Tamsaki A, Kunioka M ez al . Appl Microbiol Biotechnof, 1988, 28:330-334.

(5] 8RR, BRE BEAE MEMER, 1996,36(5):351-359.

(6] AW, B B SEES VHSFREDEM, 1996,2(3):308~314.

[ 7 ] Steinbuchel A, Hans G S. Appl Microbiol Biotechnol, 1989, 31:168~175,

(8] BT R EEERS BLAEERETERATUEE, 1996,245 249,

[ 9} James G C. Dissertation, California Institute of Technology, 199, 98.

[10] B BB, 2 5, F #%. HAWEWHEA, 1995,204).37-42.

[11] Dic, Y, Kunicka M, Nakamura Y et al. Macromolecules, 1987, 202988 ~ 2991 .

© PERF RN R TETIEK

journa S. Im. ac. cn



254 W % % %t 39 &

OPTIMIZATION OF FERMENTATION CONDITIONS FOR
THE PRODUCTION OF POLY(3-HYDROXYBUTYRATE-CO-3-
HYDROXYVALERATE) WITH ALCALIGENES EUTROPHUS

Du Guocheng Chen Jian Yu Ming Chen Yinguang Lun Shiyi
{ School of Biotechnol, Wuxi University of Light Industry, Wurxi 214036)

Abstract A close relationship, between the initial addition time and concentration of propionate and
HV fraction, was observed in shaking culture of Alcaligenes eutrophus for the production of Poly{ 3-
hydroxybutyrate-co-3-hydroxyvalerate) . The optimal initial addition time of propionate was deter-
mined at the onset of PHBV formation period. Althouth relatively high HV unit could be obtained
under high propionate concentration, the growth and product synthetic activities were inhibited obvi-
ously. Different ratios of glucose to propionate were fed to stimulate the formation of HV unit and
the results were compared. The optimizing feeding strategy of propionate was proposed based on the
consideration of several fermentation index. The final cell dry weight, PHB concentration, PHB
content and HV fraction in PHBV reached 52.1g/L, 40.8g/L, 78.3% and 16.2mol%, respec-
tively, Yield coefficient of HV unit to propionate and PHBV productivity were obtained te be 0, Sg/
g and 0.74g/(L/h), respectively.

Key words Alcaligenes eutrophus, Poly ( 3-hydroxybutyrate-co-3-hydroxyvalerate }, Fermentation

conditions
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