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Abstract: The metabolic network of Acetobacter xylinum for bacterial cellulose(abbr. BC)biosynthesis was con-
structed. Based on the metabolic flux balance model, the metabolic flux distribution of BC synthesis was calculated by
material balances and linear programming(Lingo). The results of metabolic flux analysis indicate that the glucose en-
ters PPP and TCA cycle. In fermentation earlier stage,the biomass are synthesized and BC has a high yield; while in
the later stage,a quantity of futile cycles appears and BC yield decreases. The metabolic fluxes entering the by-product

and futile cycle result in the waste of carbon source. Therefore,it is necessary to use the genetic manipulation,

mutation or change fermentation condition to reduce the by-product formation and improve BC yield.
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KA T A P TR AR = DR
12 ExHE

P50 (/L) R 5, BERER 5 0P ETR
1, #i%58% 20, Na,HPO, 5,pH 6.0, 121 “C K[ 20 min.

R WS S (g/L) « # % B 25, Nap,HPO, 3,
(NH,),SO,4 5, 2% 10, /8 1, % IEFEF R 0.015,
pH 6.0,121 ‘C K} 20 min.
1.3 #EFFHE

L — B 28 36 Ak 04 kT A AR B 3R
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FH0.85% 1 A= FLER K BC i pH 4.6 ~ 4.8 11
0.1 mol/L FFHIRH — BAERZE MA ML 100 mL, T4
Rl 2 g AR HIEAL, EKAE A . IR,
R TG AR 4 2R AW 2 mL 7E 50 °C .pH 5.0
SAFF KR 2 b BOKFER 10 mL, 35 4F 85,
TP 600 nm T IWSEEE. FEBUKA#R 10 mL, {#H
IR Z PRI (B0, 3 FIHW, B4 80 CHET
AT, IRl
1.43 @R Lz ean e

THEFERIE 6 d FAMMMELT g R BEF T
W JEECH S K Z2 00 it B B RS 7 5k &
ZR0%. FREHRET 0.1 mol/L B NaOH ¥4, 100 C
A 20 min, BRI PR TR AR B RS R L, B
I AEEEY; RERZEEKZREE, H pH X
EERRIEM pH, 29 7.2;80 CTHZRIEE, FREIF
itk
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R HPLC A&, 3% 21k : LM Cig
(250 mmx4.6 mm) ; i 3IHH 0.05 mol/L KH,POu; it
i 1 mL/min; KM 210 nm; R 20 L.
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r;  GLC+ATP——->G6P+ADP

r,  GO6P——>Ru5P+NP+NA+CO,

r;  RuSP——> (2/3) F6P+(1/3) T3P

rs G6P——>F6P

rs F6P——>3Ac

r¢ T3P+ADP—>PEP+NA+ATP

r;  PEP+ADP——>PYR+ATP

rs PYR——=CO,t+AcetatetNA

ro  Acetate—> Acetate acid

rio AcetatetADP——=AcCoA+ATP

11 AcCoA+ATP——>PAL (palmitoleate) + CoA+
ADP+ NP



ri;  AcCoA+ATP——>OL (Oleate) +
CoA+ADP+NP

113 AcCoA+OAA—>AKG+CO,+NP

riy  AKG——=SUCC+CO,+NA+GTP

ris SUCC—>0OAA+NA

rie AA+4 ATP——>4.8248 Protein+4 ADP

r; NA+3.2279 ATP+2.2279 H,O—>
9.4466 RNA + 3.2279 ADP

rig  0.0875 G6P+0.0875 ATP—>PSACH +
0.0875 ADP
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Tab.2 Metabolic flux distribution of BC biosynthesis
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G6P—GI1P

G1P—UDPGLC

UDPGLC—>Cellulose

0.55003 Protein +0.09006 PSACH+0.23234
RNA +0.07044 PAL + 0.07044 OL +
0.00266 T3P —>Biomass

| Cellulose | | GLC(out) |

G1P L G6p —22 RL5P

JEA Hii Ja SO Hii G
1 100.00 100.00 13 77.30 84.56
2 80.30 92.33 14 77.30 84.56
3 80.30 92.33 15 77.30 84.56
4 0.00 0.00 16 1.78 0.22
5 53.53 61.56 17 0.38 0.05
6 26.72 30.76 18 1.40 0.17
7 26.72 30.76 19 18.30 7.50
8 26.72 30.76 20 18.30 7.50
9 0.76 7.50 21 18.30 7.50
10 79.49 84.82 22 15.60 1.90
11 1.10 0.13 23 211.03 238.42
12 1.10 0.13 24 154.59 169.11
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Fig.1 Metabolic network of BC biosynthesis
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Tab.l1 Main parameters during the fermentation mmol/(g-h)

KEERIRE A () MR (n) AW () BER ()
GIEG] 10 1.83 1.560 0.073
JA i 4 0.30 0.076 0.300
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Fig.2 Time course of batch BC fermentation
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Fig.3 Flux analysis of G6P principal node

FE 3 A, # AR 4 AN PPP RN SERERY
EMP &% A2 B & A A 4R A . &
FERTAEA PPP AOfRiSHE 4 80.30,EMP 24 0,BC
AR 18.30, 4B KR 1.40. Z BB AN K
A BUFN 20 TR 41 4 R P K Y, Br s AE e T
if PPP Ui aaHE, HEmima TCA JEH =40, X
5 SCHR 1013 T B W — 35, B4 T 78 LA 2 8 i
P iE SR I AR KB T EKSE PPP A TCA T3
A ERET A I RE R, R EIgEA PPP AT
Whii e 92.33,EMP N 0,BC &N 7.5, i1 ZkE
h0.17. B B B IR A K AR e I R T I R

G, AN 2L 2 15 B RS , i@ of PPP Al TCA
TEIR 7= H 55 22 TG IR, 5 2 M AR hi iy il =4,
A BC AL, TR B A A K R - A
WA I, REUE I BC AN .

Pl va RN oo WA SO ) HU AR, FE396 R TR AR BT g
RE AR IR R S S AN AR
Y lE e, A 2 AR BC A Ak, H STk
M AR SRR R 2l PR R AT IR R BC
(=it TR R Fras P il EEsE A TCA JRER
FTFREE AR, (i D@L PPP Yl TCA /™~
fiE, B Z M7 BC.

PYR PYR

|26.72 |3().67
53.53 0.76 61.50 5

F6P 2222 Acetue L Acetate  F6P -2 Acetate L3, Acetate
acl

acid
79.49 84.82
AcCoA AcCoA
(a) T4 (b) F5 41

B 4 Acetate T RIBESDHT
Fig.4 Flux analysis of Acetate principal node
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