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BRENESREE THRMEEXRR
HBEEM AR

REB" HAE R FE4

(tERdREESEE JEm 100094)

O ORAFRNEFNIEPSERN R ERITEE T TRE TR LRI E
H(P(HB—co—HV)IW A RIS, TRERXV, LBHREHF RN B MG SR T,
ATLARAIE. R R R, C M MBS BB e Bl L AR
BRARGE. MMk FAEMEOBRERERERAEWH AR, B E KA RS
P(HB—co-HV) &% & fil P(HB—o—HV)" HV/HB M iLfl. WABHREMTR, &
42h AN AL L REL SRM IR I 35 34.9g - LT, P(HB—co-HV) 3RS 2528 - L', HAA
P(HB—co—HV)EF=HERZMFH R 083g - L7 - h ' ®M061g - L7 - vl DA AR
FAMRBERER(Y/ ) PSR RE(OYp /) MU THM A REL WG E LB (Yp/ x) 5
5% 0.283(g/g).0.174(g/g) F1 0.73(g/g). A THFEPBRABALTE P
(HB—co—HV) " HB & &M 1E 24% ~78% 2 ),

KR ORETE AR BT AR

&£ R FEBE LM (Polyhydroxyalkanoates, B #k PHA) RiIFERB4EYTEATEE K
T HRMEAREMBEN SR, BERNOHRENH, c2—XE5 REH
BRI H AR, EANAE R & R A A b4 5, mi H B4 4y b
Wk YA, ERERDEATE S R, SRR &5, T, REA~ES,
AMUFH KR EE, T A RFAE R EIS L0 E, Hit PHA S35 23 A8 62,

PHA BE—XZ7 YW EK. CMEMN PHA F g-B& T BFTEZ R4k (PHB).
P-HRET RN p-FHENBRILEER -BR(C,—C)REEAERASFULERR S
AR AR AEERME B, X i A R AR S B, HRBE R AR
B2 R, i F X e ik T PHA SRR S REpE Y,

% F PHA MBS, #SRIT 2. BFEAKNES PHB, HE # A — S HE A5
B M H AR PHA B4 TR EHRINE. 78 P(HB—co~-HV) MBS i, TR
HEFFBEAREE LEBERR Tk, USSR RN, R ERE, £ 2 %54 B
MEBBPRMARIOLE, D EHAEEERREE R R PHB 54N S5
P(HB—co—-HV), #R1i M TR IR 5k T EN X Btk B F 4, S8 hn 74945

* RIBAENAEKFEE Q2R L.
AT 19954F 4 A 26 kB, 1996 55 4 A 20 A 5.
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Y T P(HB—co—HV) % HV / HB KG9 i A 5 SR RN SRS
B — R IR AT L 5 B P (HB—co—HY),
B30 HIFREHE Y P(HB—co-HV) M) K BER M. PR E A= 346 TIFE.

1 AEAf 7 &
1.1 SRk

B 3% 84T B (Xanthobacter autotrophicus) . ¥ H AR LH %,
1.2 EXE
121 FFEsEs(e- L) B 10.5AK 5. 488 3, B85 1,NaCl 5 A%
WKEFE.pH 70,
122 KEEH A (g L") : Na,HPO, - 12H,0 9, KH,PO, 1.5, MgSO, - 7H,0 0.2,
CaCl, - 2ZH,0 0.02, Fr &g Mgk 0.06, BERI/KfHM 1, MBI (ml, HWEE (R Et
BIR) 15~ 30, Bk sk (S H &) 3~ 6, AHIBKEE. pH 70.

B o F M (mg- L) : HBO, 300, CoCl, - 6H,0 200, ZhSO, - 7H,O 30,
MnCl, - 4H,0 30, NaMoO, - 2H,0 30, NiCl - 6H,0 20, CuSO, * SH,0 10, %K
1000ml,

1.3 #RilE

1.3.1 #BRHFEOH& SR TR RERREAM FEERE(100m] B
E/500ml MREB)P. T THZSS-1 REX L HERES B8 (WOE 40cm) &
30C 120r / min Y53 31808,

1.3.2 BREER: AR R AR, B 4 - L7 MORMRERE L 43500l 30g - L' Y
WA 18y L7 WAV AEE —RE. BHEENERD 02, EHEN 10%, F
30C 240r/min £ F TR (R L) E#, 3 HRIB L 10mol - L' KOH
10mol - L™ HCH 47 pH 7.0,

133 FBA%: LUK EEE IR, L 30g - LT WAV, S5 4g - L7 9B
BRESHUEIBOTIE. BABERR. BHRAGFRBRERRE.

14 DitEe

A XE VIRTIS A0l 4 2L- R ABER SBREMAMENES, KBk
BREH L BREATEHT AN UHHR., BHEFEAR 2L, iREAEaEan
SrHA 6g - L7V A30g - L7 HA D RIAR ., BHE 10%, H#HRE 30C, 8
SE 1L, BEPEFEE 600~ 1000r / min, FHFEHITE 100% ~ 40%, L 10mol - L' KOH
! 10mol - L™'HCI #% pH 7.0,

15 #helsitip?

ABHEEH Z®E E L4 ™K BIOPROCESS CONTROLLER MODEL
MDIAC-S,—SL = B A Beef. EHEFHFE 1000ml 58 3000ml, BE55E 8 H 5. Efh g,
BRERFATHER. FARMEHERBELBRS HEEL KA PHA BIEFNWHERE
W, TEF BB, QI A R R BT, B A 100% ~40% 2 18], 8% pH
70. BREWELERPKEIA S0% KB, 25% 8 A8 (RN BRI, g
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BB TARE S SR IFTE40g - L'~ 10g - L' #12.0g- L'~03g- L' 2. 440/

WEIRF] ODyy S 1E 100 LA BB, SE4T50 B BC IR, B A S B, B FHREBIET

F,FM S0% M M A, SR AR 20g - L7 24, W% pH 6.5, B HRIE S 30%

~20% 2 [d], Bpill G {4 4 P(HB—co—HV).

1.6 &M

161 AHEAE K PHA BB W E. AR A A, 72 B8 T B3 W 4

EAEH PHA MBS M.

162 AEPRME Y. i &R 20ml, 3000 % g B0 15min, FIE KV RE K, BKE

O, BEEE ZHERBRP, WCHTEESE,
HREEEER, KRS R RAHAREE L ODg B (N)EEFR., MEFERL

BRI IRE, B IRKWRE, F 721-R Bk 752~ 3 ok B i EE ODgoo. REVTRIT

B 0Dy, B 4.

N=0Du*xXm

AP m AREBREE, ODg HFBERM OD A, B % m {f 0Dy, HIEMELTE
0.2~0.5 JEHZ A.
163 HEMEWE: RH 3, - ZREKmRE SRR
164 SRE TG SMEH A,
165 P(HB—co—HV) &M MMMl 8z T+ P(HB—~o—HV) ¥
HB 3 8, BREAEE#HILHREN HB/ HV M ILFITE P(HB—o-HV) & &.
1.6.6 HV /HB #2171 K B - K5 R F R P(HB—o—HV)
Bas. ¥ P(HB—co—HV) 4 f T CDClL, F, B JEDLFX—90Q &R L #wi%{%, 7€
55C.89.55SMHZ # 'H-NMR. *f Mt s e B 135 HB / HV Rosl'® 1oL,

2 ZRER
2.1 ERAE
ERELREAMN F. X autotrophicus RB FHA AR BEMFRNE 1.

+1 X. autotrophicus ﬁﬁﬁﬁ&?‘ﬁlﬁﬁlﬂiﬁﬁ&

Table 1 The growth of X. gutotrophicus in the media containing different carbon sources

® K % 3% Fr A ODyy, MW TE

Carbon Dry cell weight / g - ml™

source c/g- L7 t/h xm" x 197

;% Sugar

WHE  Glucose 30 22 1.2 0.45
25 Fructose 30 22 10.0 0.39
B Sucrose 30 22 22 0.08
EHm Maltose 30 22 29 0.11
g Lactose 30 46 0.75 0.027
EN | Xylose 30 46 1.15 0.046
Fhi{E8E  Arabinose 30 46 0.8 0.026
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#EI1
® " WO ERE 3N 0D M FE
Carbon Dry cell weight / g - ml™
source c/g- L7 t/h xm’ x 10
FHLEELL % Salt of the organic acid

Y. §: | Sodium acetate 18 34 4.8 0.155

WAE  Sodium propionate 18 34 18 0.140

Tl Sodium lactate 18 34 6.0 0.200

I B8 Sodium butyrate 18 46 0.56 0.020

ERMH  Sodium malate 18 34 34 0.130

XMW Sodium valerate 18 46 0.5 0.018

‘m CREEEHE " m was the dilution times.

g 1 TUE R, AREREERFRERM, X TRENAHEA—EHEitE. Sl
B E— BRI, AP TR L R AT, TR A SRR, FLRE AR BT R AR
MR, 4 LA PR AR M — R IR, ZAREE. POkt FURRERAISE R EEL v B,
IR A KR RS, T T AR AUAREL RS 4 M K 2 B — e BRI IR A

22 HERAR

B 1MW E R RN B Ak A) PHA 9 'H-NMR B, SRS XE

FHEAT 2 FEH T, B E RB T T

1 -
: 9 ¥
CH—CH,—C—0
&, &,
i,
HB 4%k HV

y

% B P 5 P(HB—co—HYV), ¥k HB, HV 4B inE 1 fin, #KEE—CH,(HB).—
CH, (HV) BE BB HEATITE, a3 tH HB / P(HB—co—HV) B & B. FIRIEHM
REfR LI BT AN HB R A& &, BITE Yp/ x, TREBHRE 2.

£2 FEEEBM X. antotrophicus HEMEKEKSERLRINER

Table 2 The growth and synthesizing polymer of X. autotrophicus in the media containing different

nitrogen sources

" = He g et 0D, HRTE HB/P(HB—co—HV) HB/Dry Yp/x
Nitrogen Culture time  xm” Dry cell 7/ % Cell Weight  /{g/g)
sources t/h weight/g - ml™ /Y%
% 10°
{NH,),50, 17 14.8 0.52 377 0.65
NH,CI 17 14.6 0.53 18.0 0.75
EAQ M Peprone 17 15.0 0.56 35.7 0.62

‘m HEEMSFE  "m was the dilution times.
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L i 1

54 3. 7 1T b

B 1 7E89.5SMHZ F P(HB—co-HV))'"H-NMR A
A. B3 % P(HB-co—HV) (Sigma £ 7)) 'H-NMR & %; B.C 8 D 4 B ¥ X. autorrophicus A%
BER#E (NH,),50, NH,CI HIE QB 5 % ¥ HRE F S8 P(HB-co-HV)& 'H-NMR Hi#
Fig.l 'H-NMR spectra of P(HB—co—HY) at 89.55 MHZ
A is 'H-NMR spectrum of the standard P{HB—co~HV) (Sigma Co.);B.C and D
are 'H-NMR spectra of P(HB~co~HV) produced by X. Autotrophicus in the media using

© (NH,},80,, NH,Cl and peptone as nitrogen sources, respectively.

R 2EY, ARIEEIF RN Ew SRR P EKN K, SBEIESE 17Th G, RAR
RBEBRFREFHIRIEE ODgy BAEWFE 14.6~15.0 28], 5 100ml ZRHRFEMNRTE
053¢ 7eh., RMARABEEM P(HB—co—HV) MBI 2 & P(HB—co—HV) I HB.
HV R HE. DRME. BABVAR, RBE#EN Yp/ x & P(HB—o—HV) NiY
HB B ASHE,.BEHK Yp/xHEBM FUSAAE Y E BN HEH, M
P(HB—co—HV) N HB )& B X 8 & T UL F ey B BH i3, s M
7 FERMNETRAREREP S SERTHAHMAEREAEOHY SR, RiFS
REX W& S H PHA A{R#ER, M3 HB BEM SR EMEER, A8 —5RRIE
H.

13 SRR

£ Mh AR, MW E OD B HX 36, THM A RN 10.75g- L7,
P(HB—co—HV) %8} 2.26g - L', W#EM 450 29.8¢ - L' M5 NHj1.5g - L™, 41l
EHhsk, BREREME A 2. LB IRPMMKE 0Dy, BEMMMN T EL LY
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WK 4203 1.06h7" A1 0.316g - L™ - h', M H B KWK E R H0 5.1h7 1 1.5
L7 - b, 4 HAE RS B R [ Y 1.9h, P(HB—co—HV) M TF3-& Bl %% 0.066g - L -
W, 8EEK Yx/s. Yp/sF Yp/ x 51524 0.36,0.076 1 0.21.

1

LT 4 40
£
: o 1
& B2 X.autotrophicus BIFHt KR
230 2 —43 - 307, ,
5 Y o 1. SRE IR, 2. R,
H & =
= =~ - + ot
ol 3 £33 % 3.NHEE: "m AW,
=
g z = Fig.2 The batch of colture X, autotrophicus
3 - 41 410 1. The cell concentration;
k.
g 2. Glucose concentration;
- 1 1 ] 0 3. NH," concentration;
10 20 30 40
t/h * m was the dilution times.

24 iR HEBTE

BB 3(a,b). hE 3-a ATUEE, FRAME O AR XK T HARAEKS
O, 4 B REHEATR) 320 B, ZHMIE I O Do BAAEE 112, AT B A3 31.5¢ - L7,
P(HB-co—HV)ik 10.7g - L™, Rh MG M TREAREFHEEHE, ARETHEKA
S, B & R - BRI OD g BB 124, AT E Hy 34.9g - L7, HEKLIBNAES
WE R ML RS, P(HB—co-HV) W ZAER k. T 42h AR&E LN, P
(HB—co-HV) & 8% 2548z - L7,

. 125 ] b
f 40+ e 112
2 .
% 100 ) {10
g o e 2 -
B b d: 4
£ 5 = 8 w
§ § =
E 3 0 ds ;
S 50 < £
§ Jd
2 wk
& 2 ; ¢ 1
m 12
4] 1 i} i 1 L i 0
50 10 20 30 40
t/h

B3 X autotrophicus FIRhE L KB
a MM KR b ERHEMR; FSREE 2.
Fig.3 The fed-batch fermentation by X. qutofrophicus

a. The curve of cell growth; b. The curve of substrate consuming; Symbols are as in Fig.2

WEANE RS BT, AR ODg, B E 40T 5 A 7 3y 38 40 7
% 2.95h™ %1 0.83g - L' - h™', i P(HB—co—HV) 8T & %X 0.61g- L™ - b,
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BEREF Yx/s5. Yp/sH Yp/ x43%]% 0.238.0.174 1 0.730.

3 3t
31 KB EHEM LSS

BEMFHASHEYREANEREEEAX. RREEAER RIS, RaUELA
IR 2420 1 M, it R A R (D4 4 R T AL 1 g 1 o ke e = R AL I
B (PK). BB ZEETRF LA HEHE. B8, 2RSS ERBI SR ENFE
RAA X IR 4, 7T LLHEW Entener—Doudoroff & #2f TCA U153 ] B & H e bl
BHEERR. RMEH - SHIN, TREBFEH#E TR TR Y,
32 P(HB—co—HV)HISMRERRZE

X T PHA WA RER, APB0E PIESITE, &M HB SRRATEE B
CoA, &8 HV KM A AR B CoA. FHIBELEMIIT P(HB—co—HV) B KFER
RBEFRMABRILRUESR HY 1AM a8, BanBRlREkrgmBiEs
BEFOF A HY SR RE? BRIVA VXA R REA L TREKR S RARYZE
%, HRHHEHESR P(HB—co-HV)NBEREZ (B 4). WHESE D MR
RHERE. NRET I ERIR SR ER L8 CoA. At CoA #EA TCA 3,
AR R HB BT, HAERZSF RN 8 CoA BREMAML. HREE-RE%

HWEE glucose

R —6-p —» W% -6-p Fuclose—6—p glucose—6—p

E. D Pathway
A ———— TR — — SHM% CoA W&
Pyruvate oxaloacetate succinyl — CoA propionic acid
o, CoASH HEF B CoA —— CoASH
Methylmalonyl — CoA
LB CoA : | —» A8k CoA
acetyl— CoA propiony] —CoA
TCAH «—— v
2B Z B CoA AR LMCoA
acetoacciyl -CoA propionoacetyl — CoA
3- BETHE CoA 3- ﬁ;mﬁ CoA
hydroxybutyryl -CoA 3 —hydroxyvaleryl— CoA
|
'

P (HB-—co—HV)

A4 P(HB-co-HV)EBRNBERR
Fig.4 The supposed pathway of P (HB—co~HV)
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FI R M CoA, WIal LA R CoA 1ESI A L HV SRAK, JE i /6 3R 4 MM 1L T &5 HB.
HV & & P (HB—co—HV)* 2,

33 SH P(HB—co—HV)A R

SR & BTEN BAE K AR S DR PHA B, E%%%ﬁiﬂ#m%ﬁ?ﬂﬂﬂﬂ
N PHA & B#E. XFHBAKHGERAELNMAER S NADPH+H £& R PHA ME
EEYHET. EEEEKN, R NADPH+H K. ZB CoA EEH M TCA
PE3F, T 44 K 2B R, s X KB fent, MMAERT NADPHAH 5, W Tk
A NS, ATTESH 7 PHA WA BRMBE. £ THEEKG R P(HB—co—HV)
B ¥k HB HV HFAEY, BINADESAERD, RRRUA CEAERARZAEAR
R ER, HB/ HV 28|, M Z MR/ EERKEN S P(HB—co—HV)H
HB 8 & B2 &3 78%. HEMEL SHEMR-AREEHNATAL, BERATHIEN
TR,

2 £ X K
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STUDIES ON FERMENTATION OF SYNTHESIZING
POLY(HYDROXYBUTYRATE-CO-HYDROXYVALERATE)

BY XANTHOBACTER AUTOTROPHICUS

Zhao Liangqi* Tian Jiesheng Wu Baihe Li Jilun
{College of Biology. Beijing Agricultural University. Beijing  100094)

Abstract Fermentation test of P( HB—co—HYVY) was carried out by a Xanthobucter
autotrophicus strain which was isolated from soil by our laboratory. The resultes show that
the strain is a transport mutant strain for glucose. Glucose, fructose, sucrose, maltose,
acetate, propionate, lactate or malate was utilized as sole carbon source, but glucose and
fructose were the best among carbon sources. The growth was not affected by (NH,),SO,.
NH,C1 and peptone as different nitrogen sources, but P(HB--co-HV) content of dry cell and
the HV / HB ratio of P(HB—co—HV) were affected. The fed—batch fermentation was carried
out for 42h using two—stage cantrolling method. The final cell concentration of 34.9 g

L™ and the final P(HB—-co—HV) concentration of 25.48g - L' were obtained in the glucose
broth. The cell productivity and P(HB co HV) productivity were 0.83g- L™ - h™' and
0.61g - L™ - h™', respectively. The yield of dry cell to the substrate {¥x / s). the yield of
P(HB—o—HYV) to the substrate (¥x 7 s5) and the yield of P(HB—co—HV} to the dry cell
(Yp/ x) were 0.283(g / g). 0.174(g / g) and 0.730(g / g). respectively. The HB content in the
P(HB—co—HYV) was adjusted from 24% to 78% by changing the carbon and nitroge compo-
nent of the medium.

Key words Xanthobacter autotrophicus, Fed—batch fermentation, P(HB—co~HV)

* Present address: Department of Biological Science, ShanXi University.
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