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Table 1 Cellular composition and flux of macromolecular
Corresponding monomer
Absolute values Fraction of DW Molecular weight
B B o Molar number Flux
10 Mg cell ! % g mol
10 “mot cell ! 10" “mol cell * d!
C 1.846 7.1 162 C 11.40 6.15
P 18.356 70.6 108 AA 170.00 91.80
Lipid 2.522 9.7 281 L 8.98 4.85
RNA 1.508 5.8 319 NMP 4.72 2.55
DNA 0.364 1.4 308 NMP 1.18 0.64
DCW 26
T ni 2 4
AB2-143.2 12.9x10° " GLU 7 oGLU
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_ P MAb
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Table 2 Specific consumption rate and net catabolic rate of amino acid
oF oMA Flux of nucleic acid Flux of biomass Specific consumption Net catabolic
Amino acid
% % T T rate r. rate 7.
ASP 5.5 4.0 4.14 9.71 2.2 -7.51
GLU 4.6 5.0 -5.42 —0.55 4.1 -3.55
ASN 4.4 3.4 0 4.48 3.0 —1.48
SER 7.1 5.3 0.96 8.16 4.5 —3.66
GLN 3.9 5.5 6.06 10.35 100 89.65
HIS® 2.1 1.5 0 2.12 3.0 0.88
GLY 7.5 6.8 1.38 9.14 4.1 —13.24
THR* 6.0 7.9 0 6.53 6.9 0.373
ALA 9.0 6.5 0 9.10 —40 -49.10
ARG* 4.7 4.4 0 4.88 5.2 0.32
TYR 3.5 4.1 0 3.74 1.9 -1.84
CYS 2.8 2.4 0 — — —
VAL* 6.9 8.6 0 7.44 8.0 0.56
MET# 1.7 1.4 0 1.74 3 1.46
TRP* 1.1 1.5 0 — — —
PHE* 3.5 3.6 0 3.68 3.0 -0.68
ILE# 4.6 4.5 0 4.80 8.0 3.19
LEU* 7.5 6.9 0 7.78 9.7 1.92
LYS*? 7.0 7.0 0 7.33 6.9 —0.43
PRO 4.6 6.5 0 — — —
Amino acid composition of protein and MAb are from literature '? and ' . Values of r, r, r.and r, are given in 10~ “mol cell * day~'. #
The essential amino acid.
2.3 3
Table 3 Calculated metabolic fluxes
. Metabolic fluxes
I 23 No. Baatin 10 ot el 0!
22 GLC>G6P 290
l 22 23 23 PYR—>LAC 500
24 LEU+ aKG—>3AcCoA 1.92
25 ILE+ aKG—>SuCoA + AcCoA + GLU 3.19
24 26 LYS+aKG—>2AcCoA + GLU -0.42
27 THR + oKG—>SuCoA + GLU 0.37
28 VAL + oKG—>SuCoA + GLU 0.56
Fo = rarv — rurv 29 ARG+ aKG—>2GLU 0.32
FoLEU FLLEU 30 HIS>GLU+ NH{ 0.88
31 MET—>SuCoA + NH; 1.46
TcLEU  T'BLEU 32 PHE+ oKG>FUM + 2AcCoA + GLU ~0.68
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2.4 3
1 1~21
NAA TCA 3.1
3
7 TCA
S v=20> 6 Miller
S xa 13.8 mmot L7! 2 6
S; 7 j
S, Jj TCA
7 y b
2.1% NADPH
1.1%
1 1~21 S
b Sharfstein 6
4 S
m 20 n 21 “ ? NADPH
Underdetermined Equation v
Bonarius v
10 NADPH
MATLAB “ ” AcCoA
5 7.5%
4
Table 4 Motebolites production rates
) Production rates
Fquation 10 “mot cell * d!
r GOP = —F, GLC +F5; C —283.85
r F6P =0 0
r GAP =0 0
r 3PG =0 0
r PYR =F,; LAC 500.00
r RSP =F3, RNA +F3;; DNA 3.19
r AcCoA = —3F,; LEU —F,s IEL —2F,s LYS —2F; PHE +9F55 Lipid 34.90
r OAA =0 0
r CIT =0 0
r aKG =Fy LEU +2F,; ILE +Fy LYS +F,; THR +F, VAL +F,y ARG +F; PHE 9.56
r SuCoA = —F,; ILE —F,; THR —Fy, VAL —F; MET -5.58
r FUM = —F3, PHE —0.79F; RNA —0.8F;; DNA -2.54
r MAL =0 0
r GLU = —Fys ILE —Fy LYS —F,; THR —F,y VAL —2F,y ARG —F; HIS —F;, PHE —r, qu -2.09
r SER = —r.. R 3.66
r ALA = — r ala 49.10
r ASN = — r.. asn 1.48
r ASP = — r asp 7.51
r GLN = —r. a~ —89.65
r GLY = —r.qLy 13.24
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5 6
Table 5 Estimated metabolic fluxes by flux balance model Table 6 Material balances on glutamine and glucose
Estimated metabolic fluxes Metabolic Fluxes
No. Eqaution N
10 *mot cell * d! 10" 2mot cell * d! %
1 G6P—~F6P 280.66 Glutamine balance
2 F6P+ ATP—>2GAP 280.66 Total nitrogen 2
3 GAP—=3PG+ NADH+ ATP 561.32 Protein and Mab " 0 086 4. 28
4 3PG—>PYR+ ATP 548.48 NAA 0.778 38.16
DNA 0.012 0.60
5 G6P—>RSP+2NADPH 3.19
RNA 0.048 2.40
6 R5P—0.67F6P+0.33GAP 0
NH; 1.090 54.50
b) —>
7 PYR+ CoA—>AcCoA + NADH 80.70 Carbon Skeleton 1
8 AcCoA+OAA—CIT +CoA 45.80 Protein and MAb* 0.043 4.28
9 CIT—aKG+ NADH 45.80 NAA 0.616 61.60
10 «KG + CoA—>SuCoA + NADH 127.99 TCA cycle 0.341 34.10
11 SuCoA—FUM + ATP + FADH, 133.57 Glucose balance
12 FUM—~MAL 136.11 Toral 2.90
13 MAL—OAA + MADH 54.79 Carbohydrates 0.062 2.10
14 GLU->aKG + NADH 20.81 Lipids 3. 220 7-30
DNA and RNA 0.032 1.10
15 MAL—~PYR+ CO, 81.32
Ser 0.037 0.63
16 3PG+ GLU—>SER + oKG + NADH 12.83
: Gly 0.046 1.58
17 GLU+ PYR—>aKG + ALA 49.10 e 2.500 86.20
18 GLU+ OAA—>aKG + ASP 8.99
TCA cycle 0.024 0.83
19 GLN+ ASP + 2ATP—ASN + GLU 1.48
20 GLN—-GLU + NH; 88/18 * This is the amount of glutamine that is directly incorporated into pro-
teins and MAb the amount of gluctamine carbon skeleton or nitrogen via
21 SER—>GLY 13.24
NAA:s is not included in this term
TCA 0.83%
3PG 38.16%
4.28% Miller
3.2 2.6 mmot L!?2
15
6
TCA
4.28%
a- TCA
14
TCA
61.6% TCA
o 34.1%
a-
4
a- TCA 15
1 13.8 mmol L7!

54.5% Cn @B i MR S TR & 883 Wnttp: // journals. im. 48Cen
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Metabolic Flux Analysis of Hybridoma Cells

GAO Hong-Liang CONG Wei OUYANG Fan
State Key Laboratory of Biochemical Engineering Institute of Chemical Metallurgy The Chinese Academy of Sicences Beijing 100080

Abstract Metabolic flux distribution of hybridoma cells in continuous culture with 13.8 mmol L' glucose and 2.6
mmol L ! glutamine using metabolic flux balance model was analyzed quantitatively in this paper. Results showed that the
86.2% of glucose was consumed for lactate and 7.5% for lipids 0.83% of glucose was consumed in the TCA cycle. The
3% of nitrogen in glutamine was used for synthesis of nucleotide 54.5% of nitrogen was consumed for ammonia and 38.
2% was used for synthesis of nonessential amino acids NAA . The 61.6% of carbon skeleton of glutamine was consumed

for NAA and 34.1% entered the TCA cycle.

Key words Metabolic flux analysis metabolic network hybridoma cells
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