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Serum-free medium for suspension culture of recombinant
Chinese hamster ovary (11G-S) cells
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Abstract: With suspension adapted recombinant Chinese hamster ovary (CHO) cell lines 11G-S expressing human pro-urokinase
(pro-UK) as the object of study, a serum-free medium for the cultivation of recombinant CHO cells in suspension was formulated by
using Plackett-Burman design and response surface methodology. The two-level Plackett-Burman design was used to evaluate the
effect of 10 medium supplements on the growth of the 11G-S cells in suspension culture. Among the 10 medium supplements,
insulin, transferrin, and putrescine were identified as the most significant factors (P<0.05). The response surface methodology with
three factors and three levels was used to determine the optimal levels of these factors. And a serum-free medium, SFM-CHO-S for
recombinant CHO cells suspension culture was formulated. The maximum cell density of 11G-S cells in SFM-CHO-S in suspension
batch culture reached 4.12x10° cells/mL with a maximum pro-UK activity at 5 614 TU/mL, which was superior to the commercial

serum-free medium for recombinant CHO cells.
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1.2 KWAHE
1.2.1  EFR

11G-S 4iffiLh 3x10°~3.5%10° cells/mL #%Fh T
100 mL =AM, FEFRAIR 35 mL, $EFREHmAS
5 mmol/L A& % . 0.1% (W/V) Pluronic F-68 &
25 pg/mL GRERE RBEM LME R FRELT 1%
(VIVy /NI R DMEM/F12, $=fliE T 37°C

IR RE IR 3SR, FERHE N 90 r/min,
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N SAS A AT IR L n=12 1) Plackett-
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Table 1
Plackeet-Burman

Range of different factors investigated with

Code level
Factors

-1 1
X, (Insulin) 0 mg/L 5 mg/L
X, (Putrecine) 0 mg/L 1 mg/L
X; (Tranferrin) 0 mg/L 10 mg/L
X, (Trace minerals) 0 a
X; (B-mercaptoethanol) 0 pmol/L 50 pmol/L
Xs (Phosphatidycholine) 0 mg/L 5 mg/L
X7 (Ascorbic acid) 0 mg/L 25 mg/L
X;s (Glutathione) 0 mg/L 1 mg/L
Xy (Ethanolamine) 0 mg/L 6 mg/L
Xio (B-cyclodextrin) 0 mg/L 400 mg/L

a: including 10 nmol/L sodium selenite, 1 nmol/L manganese
10 nmol/L molybdic acid, 10 nmol/L ammonium
metavanadate, 10 nmol/L cupric sulfate, 3 pmol/L zinc sulfate and
5 umol/L ferric citrate.

sulfate,

1.2.3 WP A 5 Rt

i1 Box Fil Wilson 7 & Y Box-behnken J& —Fj
FH B e 7 TR T, AT DA e D B SRR R UL
M) S0 TSR, AT RS 4 32 1% G B PR 3R 3 ﬁiﬂﬁo
N SAS # A, KM Box-behnken 5k, iE—2LHf
5% H1 Plackett-Burman §ifi 7€ H B9 3 /l\/ﬁ\ﬁﬁ]_ 11G-S
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Table 2 Values of independent variables at different levels
of central composite design

Code level
Factor
-1 0 1
X (Insulin) 0 mg/L 2.5 mg/L 5 mg/L
X>(Putrescine) 0 mg/L 0.5 mg/L 1 mg/L
X;(Tranferrin) 0 mg/L 5 mg/L 10 mg/L

1.2.4  HHESE . i F K pro-UK 7% HEHIINE

KM Cedex AS20 4l ifd %% & FFIT 4 A 2 73 b
%4 (Innovatis, Germany) FEFT40MIITECAIAE G R
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SAS BIFXTER 3 BT I 220, R 4 h
FHHEER P EATURRRSR X)), B (X2).
FERER (X3). MEITR (X4). AMHK (X8)F
LR (X9) X 6 [NEFE a=0.05 AY/KF EXF 11G-S
YA AR B A 03 I OE ) S N s BR IR (X6)
Ko B-FRARBINE (X10) XF 11G-S 40 A= K B 52 1
FHESS; MPTIRMER (X5). B-FiFmE (X7) XF40
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i Plackett-Burman SE3G 0] I, RS FE | fEE
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Table 3 Experimental design and response values of Plackett-Burman (n = 12)

Xl Xz X3 X4 X5 X5 X7

Xy

X, Cell density (10° cells/mL)

-1

3.8
3.9
2.4
3.5
2.3
3.6
3.1
2.0
1.7
1.4
1.3
1.1
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Table 4 Partial regression coefficients and analysis of

F6 ZREEAFEAHEEMEE

Table 6 Coefficient estimate by the regression quadratic

response values significance model
Factors T P Coefficients Ranking Factors Regression Standard F P
X coefficient deviation
Xi (Insulin) 8.03 0.0115 11.32 1
. Xi 1.205 11.6162 51.61073  0.000813
X, (Putrecine) 3.86  0.0239 5.45 3
X 0.6075 2.95245 13.11772  0.01519
X; (Tranferrin) 777 0.0119 10.95 2 :
. X3 1.1075 9.81245 43.59668  0.001198
X (Trace minerals) 342 0.0271 4.82 4
X —1.4791 8.078526 35.89286  0.001858
Xs (B-mercaptoethanol) —4.06  0.0228 -5.72 10
. . XiXo —-0.08 0.0256 0.113741  0.749622
Xs (Phosphatidycholine) —1.10  0.0833 -1.56 7
L XX 0.355 0.5041 2239714 0.19476
X7 (Ascorbic acid) -2.56  0.0359 -3.62 9
. X? -0.7892 2.29951 10.21672  0.024093
Xz (Glutathione) 2.85 0.0324 4.02 6
XX 0.2 0.16 0.710879  0.437615
X, (Ethanolamine) 2.86  0.0323 4.04 5 3
. X —2.4292 21.78776 96.80292  0.000185
X0 (B-cyclodextrin) -1.30  0.0696 -1.87 8
Model 54.03267 6.00363 26.67411  0.001052
5 ok Eii M) Jay e
®S TORE SRS 223 WHTA I ENE LA

Table 5  Central composite design and response values
Xi X, X; Cell density
(Insulin) (Putrecine) (Tranferrin) (10 cells/mL)
0 -1 -1 3.6
0 -1 1 3.7
0 1 -1 3.7
0 1 1 4.0
-1 0 -1 3.5
1 0 -1 3.7
-1 0 1 3.6
1 0 1 3.9
0 0 0 4.1
0 0 0 4.0
0 0 0 4.1
222 ZRPAIHM G R 5 25

IO JH SAS8.0 B XoF 3% 5 A ma B A AT 43 B s 2]
UG TR BT AR, A A O [0 R Al
THE L7 220 s R IR 60 3L i K
G EEVSE

¥=35.613+1.205X,+0.6075X,+1.1075X5-1.47917

X;2-0.08X,X,—0.355X,X;-0.7892X,%+0.2X,
X3—2.4292X5°

Ho, Y MR RAE KB E (10°cells/mL).
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2555 T e ok 44t e 28 5 1) 2 E AR FH 45 v e PR1 R e . T
Bl S5 2k BB 7R T 200 i 5% B I 25 1 5 38 0 g e e
FEM AR, M R P Mk FE 73 3R 2.75~
4.25 mg/L F10.45~0.9 mg/L I}, f K455 B A 5
4.08x10° cells/mL. MM R If [€1 7] LA H, 1 2k
JEE AR ARXT 24t L 25 B A8 A AR S M S K, e IR Ay e
T PR3 2 I T e e 32 732 A X 248 i 85 85 7L A 11 52
MEp 5 /0N, o 7 T ) 38 3 A % o

2 WOR T YERAL T O KPR, RS RS
e R 1 X 4 28 B2 1 28 AR P 5 v e 1] K e )3, T
Pl 45 v 2k BT I 7R A 2 B B R 5 R e e
WREE AR H, 0 5 3R R R A A R RE 4 ]
AT 2.8~4.5 mg/L Ml 5~7.5 mg/L I, 5 K20 25 J3
P53 4.08x10° cells/mL ., M 37 5 ] A LA H, B
BRI E AR A R A R R AR X A L R R A Y
LM SR KA T, B A W 07 il T A3 T R
FAHI

B3 R T4 Z T KER, Eks
I B 1 X 4 2 B2 19 28 AR P 4 v e ] K e 3 T
Pl 45 v 2k BT I 7 A 22 2 it o D e % e AR 1 Uk
JE AR S, 8 e S Bl A A VR B2 43 0 A T
0.57~0.87 mg/L. 5.2~7 mg/L Z[A]}, K& FEdm R 4n i
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Fig. 1 Contour line and surface of mutual-influence for insulin and putrescine on the growth of 11G-S cells.
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Fig. 2 Contour line and surface of mutual-influence for insulin and transferrin on the growth of 11G-S cells.
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Fig. 3 Contour line and surface of mutual-influence for putrescine and transferrin on the growth of 11G-S cells.
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FELAERFR R TG 3, B G 55 77 I ) 9 S K 20 i A7 3%
KRG REAL . pro-UK MR TR HEAE T R EE 6 K
IKFEEWE, 350k 3513 TU/mL., 5614 1U/mL J%
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Fig. 4 Growth and pro-UK production of 11G-S cells in different media. (A) : density of cells cultured in DMEM/F12 medium
with 1% serum; m: density of cells cultured in SFM-CHO-S medium; a: density of cells cultured in SFM-CHO medium; +: viability
of cells cultured in DMEM/F12 medium with 1% serum; x: viability of cells cultured in SFM-CHO-S medium; *: viability of cells
cultured in SFM-CHO medium. (B) o: activity of pro-UK cultured in DMEM/F12 medium with 1% serum; m: activity of pro-UK
cultured in SFM-CHO-S medium; m: activity of pro-UK cultured in SFM-CHO medium.
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T A0 AR VR B 5 Y TC L B 7R 4L SFM-CHO-S,
11G-S #4HMfi7E SFM-CHO-S IV T7 5 55 1 240 Jfd %
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1) TR S TG ML 77 15 7 2
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