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Construction of an Anti-apoptosis CHO
Cell Line for Biopharmaceutical Production

LAI Da-Zhi FU Ling YU Chang-Ming QI Lian-Quan WENG Shao-Jie
YU Ting WANG Hai-Tao CHEN Wei*
Beijing Institute of Microbiology and Epidemiology  Beijing 100071  China

Abstract Mammalian cells are prone to apoptosis when cultured in large scale for production of biopharmaceuticals. And this
will reduce production duration and result in high cost of production. Apoptosis is triggered by various factors and delicately re-
gulated by a set of genes. Bcl-2  a component integrated in mitochondria membrane is an important member of these genes. By
maintaining the integrity of mitochondria membrane Bcl-2 keeps cytochrome C from releasing into cytoplasm and thus blocks
the activation of caspases and subsequent onset of apoptosis. Over-expression of Bel-2 has proven to be useful in blocking apop-
tosis in various cell lines including CHO hybridoma myeloma lymphoma and insect cells. Ammonia a metabolite of cultured
cells however showed apparent pro-apoptosis activity. In living cells ammonia can be utilized by glutamine synthetase GS

to synthesize glutamine and thus lower the concentration of ammonia in medium and its negative effects. Glutamine is essential
to living cells. If not added into medium glutamine can only be synthesized by GS which makes GS a qualified selection
marker. This marker can be used for gene amplification by adding into medium increased concentration of MSX an inhibitor of
GS. In this study we over-expressed Bel-2 using GS amplification in a recombinant CHO cell line stably expressing human inter-
feron-B. The modified cell line with higher expression of Bel-2 and lower production of ammonia  exhibited good anti-apoptosis

quality and higher interferon-f3 production in continuous culture .

Key words apoptosis CHO cells Bel-2  glutamine synthetase ammonia
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Purification and Properties of Bacillus subtilis SA-22

Endo-1 4-B-D-mannanase

YU Hong- Ying1

SUN Yuan-Ming®*  WANG Wei-Jun®

YANG Yue-Sheng®  YANG You-Hui®

! Faculty of Chemical Engineering and Light Industry ~Guangdong University of Technology ~Guangzhou 510090
2 College of Food Science * College of Life Science  South China Agriculture University ~Guangzhou 510642 China

Abstract [3-mannanase EC 3.2.1.78 from Bacillus subtilis SA-22 was purified successively by ammonium sulfate precipitation

hydroxyapatite chromatography ~Sephadex G-75 gel filtration and DEAE-52 anion-exchange chromatography. Through these steps the

enzyme was concentrated 30.75-fold with a recovery rate of 23.43%

with a specific activity of 34780.56 u/mg. Molecular weight of

the enzyme was determined to be 38kD by SDS-PAGE and 34kD by gel filtration. The results revealed that the optimal pH value for

the enzyme was 6.5 and the optimal temperature was 70°C . The enzyme is stable between pH 5 to 10. The enzyme remained most of

its activity after a treatment of 4h at 50°C  but lost 25% of activity at 60°C for 4h lost 50% of activity at 70°C for 3h. The enzyme

activity was strongly inhibited by H&** . The Michaelis constants K, were measured as 11.30 mg/mL for locust bean gum and

4.76 mg/mL for konjac powder while V, , for these two polysaccharides were 188.68

1

pmol mL~ " min~ respectively .

Key words [(-mannanase purification inhibition

B-mannanase (-1 4-D-mannan mannanohydrolases

EC3.2.1.78

linkages in various [3-mannans

catalyzes the hydrolysis of 3-1 4-mannosidic
including mannan  galacto-
mannan  glucomannan and galactoglucomannan. It has been
reported that mannooligosaccharides can support the growth of
Bifidobacterium sp. and Lactobacillus sp. these bacteria are
responsible in maintaining the normal flora of intestines in hu-
man ' . Mannanase is also widely used in foodstuff manufac-
ture the paper-making industry and oil-well 2° as a gel
breaker. The properties of mannanase vary significantly es-
pecially in their thermal stability. In the previous paper *

we reported that under optimized fermentation conditions Ba-
cillus subtilis SA-22 produced [-mannanase with activity as

high as 168.15 u/mL. The enzyme
hydrolyzing konjac to oligosaccharides

also responsible in

may increase the
chance of applying Bacillus in industrial applications. In this
paper we report results on the purification and properties of

endo-1 4-3-D-mannanase.

1 Materials and Methods

1.1 Materials
Konjac powder was obtained from Xie Li Co. Lid.

Received 11-11-2002

pmol: mL~™" min~' and 114.94

locust bean gum from Sigma Chemical Co. hydroxyapatite
from Bio-Rad DEAE-cellulose 52 from Whatman Sephadex
G-75 from Pharmacia Biotech and protein marker from

Shanghai Boao Biotech. All other reagents were of analytical

grade.
1.2 Methods
1.2.1  Microorganism and cultivation A loopful of cells

were taken from the stock and precultured at 25°C in a shaker

170 r/min for 28h. [-mannanase was yielded under opti-
mized conditions by inoculating 2% of the overnight pre-cul-
ture in 30 mL medium containing 20 g/L konjac gum 5 g/L
5 g/L NaNO; 5 ¢/L K;HPO, and 0.2 g/L
MgSO, in a 250 ml flask and incubated overnight at 25°C

yeast extract

pH 6.5 . After 24h the bacteria were removed by centrif-
ugation 10 000 r/min 4°C  for 10 min and the supernatant
was used as a crude enzyme preparation.
1.2.2
0.5% locust bean gum 50 mmol/L phosphate buffer
pH6.5

70°C for 10min. The amount of reduced sugars formed during

Enzyme assay The reaction mixture containing
and diluted enzyme solution was incubated at

the reaction was determined by the Miller' s method ° . One

* Corresponding author. Tel 86-20-85283448 E-mail ymsun@ scau. edu.cn
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unit of 3-mannanase activity was defined as the amount of
enzyme that liberated 1 pmol equivalent D-mannose reduced
sugars per minute.

1.2.3 Protein assay The contents of the protein was mea-
sured by the Bradford’ s method ¢
min as the standard.

1.2.4  SDS-polyacrylamide gel electrophoresis SDS-PAGE
was performed on a vertical slab gel of 12.5% polyacrylamide
described by Zhang’
brilliant blue R-250.

1.2.5 Measurements of the effects of various factors The

with bovine serum albu-

. Protein was stained with Coomassie

mannanase activity was measured under different pH condi-
tions. In addition three buffers of acetate-sodium acetate
pH 4.0 ~ 5.0  di-sodium phosphate sodium phosphate
pH 6.0 ~ 8.0

pH9.0~10.6 at 50 mmol/L were used for measuring the

monobasic and glycine-sodium hydroxide
effect of pH on 3-mannanase stability at 28°C .

Temperature was varied from 10°C to 80°C to detect the
effect of temperature on the activity of the enzyme. The en-
zyme was incubated at various temperatures for different time
duration cooled and the residual activity was measured for
evaluating the thermal stability .

For measurement on the sensitivity of the enzyme to va-
rious ions the enzyme was incubated in separate solutions
each containing an ion at a concentration of 1 mmol/L in 50
mmol/L phosphate buffer pH 6.5 . The mixtures were kept
at 30°C for 2h and the residual activity was measured by the
standard method.

1.2.6 Determination of K, and V, Different concentra-

tions of konjac and locust bean gum were used as the sub-
strates to measure the [3-mannanase activities under standard
conditions. K, and V,, were determined by the Linewear-

Burk’ s method.

2 Results and Analysis

2.1 Purification and separation of mannanase

The crude enzyme preparation was added with ammoni-
um sulfate to 80% saturation and stored for 12h at 4°C  then
subjected to centrifugation at 9000 r/min for 10 min. The
precipitation was collected and dissolved in a small volume of
50 mmol/L phosphate buffer pH 8.0
night dialysis against the same buffer at 4°C. The dialyzed

followed by an over-

enzyme solution was then applied onto a hydroxyapatite co-
lumn 3.0cm x 15¢cm  that had been equilibrated with the
same buffer. It was found that B-mannanase did not bind to
the column in chromatography analysis. The active elution
fractions were collected and concentrated further with
PEG6000 and then subjected to Sephadex G-75 columns
that had been equilibrated with 5 mmol/L
Tris-HCI buffer pH 8.0
fractions was achieved by using DEAE-52 columns
15cm  which had been equilibrated with 5 mmol/L Tris-HCI
buffer pH 8.0

the same buffer to remove any unbound proteins and the

2cem x 60cm
. Further purification of the eluted

3cm X

. The column was subsequently washed with

bound proteins were eluted with a linear gradient of sodium
chloride 0.025 ~ 0.5 mol/L in Tris buffer pH 8.0 300
mL . The elution was fractionated and the active forms were

collected. The purification results is summarized in Table 1.

Table 1 Purification of B-mannanase from Bacillus subtilis SA-22

Purification step Protein/mg Total units  x 10° u Specific activity/ u/mg Purification  fold Yield/ %
Culture filtrate supernatant 47.25 53.440 1131.01 1.0 100
Hydroxyapatite 8.00 43.233 5404.13 4.78 80.90
Sephadex G-75 0.85 13.718 16138.82 14.27 25.67
DEAE-52 0.36 12.521 34780.56 30.75 23.43

2.2 Properties of the purified p-mannanase

2.2.1 Molecular weight of 3-mananase [-mannanase mass-
es were determined to be 38 kD by SDS-PAGE Fig.1 and
34 kD by gel filtration Fig.2 .

2.2.2 Effects of pH and temperature on the enzyme activi-
ty The effects of pH and temperature on 3-mannanase activity
were shown in Fig.3 A ~D . The optimum pH obtained for

the purified enzyme was between 6.0 ~ 6.5. When the incu-

Kth& [Q]Y%ZLHIG somewhat

bation was carried out in various buffers at different pH values

pH5~10 at 28°C for 2h the enzyme was able to retain
80% or more of its full activity. The optimum temperature
obtained for the purified enzyme was 70°C . The enzyme was
relatively stable at S0°C  but the activity dropped to 74.2 %
after a 4h incubation at 60°C and 51.3 % after a 3h incuba-
tion at 70°C . From the above results it can be deduced that

thermallg stable
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Fig.1 Molecular weight of 3-mannanase determined by SDS-PAGE
A. Molecular weight of the standard proteins. 1. Phosphorylase b 97.4
kD 2. Bovine serum albumin 66.2 kD 3. Rabbit actin 43 kD
4. Carbonic anhydrase 31 kD 5. Trypsin inhibitor 20.1kD 6. Ly-
sozyme 14.4 kD

B. Purified by DEAE-52

C. Purified by Sephadex G-75

D. Crude enzyme
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Fig.2  Molecular weight of B-mannanase
determined by Sephadex G-75
1. Bovine serum albumin 67 kD 2. Egg albumin 45 kD 3. Trypsin
bovine pancreas 23.3 kD 4.Cytochrom C 12.3 kD

2.2.3 Effects of various reagents on the enzyme activity

The effects of various metal ions in various compounds on
[B-mannanase activities were shown in Table 2. The data indi-
cates that although Hg?* strongly inhibited the enzyme activi-
ty Fe?* Mg* Zn** Ag' and Co** had no effect. The
addition of EDTA had prominent effect on protecting the en-

zyme from HZ*  Cu** and Mn®* inhibition.

—_
[ S = N« B ]
S o O O O

Relative activity/%

0s |
B)o 20 40 60 80 100

t/'C

100
S
B 80
2 60

2

2 40
g 5 ——50'C —=—60°C
& —*—70°C —0—80°C

0 . . .
(D) 0 1 2 3 4

Fig.3  Effects of pH and temperature on the activity and stability of 3-mannanase

A B-mannanase activity at various pH B B-mannanase activity at various temperature

C B-mannanase stability at various pH D Thermal stability of -mannanase

Table 2 The effects of various reagents on the activity of B. subtilis SA-22

Reagents Relative activity of the enzyme/ % Reagents Relative activity of the enzyme/%
Control 100 BaCl, 89.7
HgCl, 1.3 CuS0, 73.4
HeCl, + EDTA Na 71.5 CuSO4 + EDTA Nay 88.9
AlCl 87.9 MgSO, 103.0
FeSO, 101.1 MnSO, 66.9
FeCly 87.6 MnSO, + EDTA Na, 79.2
CaCl 88.8 Pb NO; , 81.3
CoCl 116.7 ZnS0y 100.8
AgNO; 104.4 NaCl 89.5
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2.2.4

plots of the enzyme for locust bean gum and Konjac powder

Kinetics of [-mannanase reaction Linewear-Burk

are shown in Fig. 4. The values of K,, and V,,, for 3-man-
nanase from locust bean gum were 11.32 mg/mL and 188.68

respectively and for Konjac powder

were 4.76 mg/ml. and 114.94 pmot ml.™" min~'
tively.

pmot mL™' min~

respec-

)

=

= OLocust HEKonj
3

£

E

E

:

~ L 1 1 1

-500 0 500 1000 1500

(1/[s]x10™) (mg/mL)"

Fig.4 Linewear-Burk of -mannanase

3 Discussion

It has been reported that B-mannanase from different
Bacillus
sp. reported by Emi is 22 kD ® and the multiple forms of (-

sources has different molecular weight for example

mannanase {rom alkalophilic Bacillus sp. are between 34.7
~58 kD? . From our study the molecular weight of 3-man-
nanase purified from Bacillus subtilis SA-22 was between 34
~38 kD. During the purification process [-mannanase did
not bind to the hydroxyapatite column under any pH condi-
tions tested. Other proteins were removed successfully during
HA chromatography achieving a 4.78 fold concentration with
a recovery rate of 80.90% indicating HA chromatography is
an effective purification process. The dialysis and PEG6000
condensation were run at 4°C  whereas all the other purifica-
tion processes were performed at room temperature. This indi-
cates that the enzyme was relatively stable.

Our study shows that Hg?* strongly inhibited the enzyme
activity indicating the possibility of thiol groups on the active
site. The assumption was confirmed by further experiments of
amino acid modification of the enzyme details are to be pub-
lished in a separate article . The study on substrate specifici-
ty showed that konjac gum was the most suitable substrate
similar to the findings of the enzyme of Bacillus subtilis
BM9602 ' but different from that of Bacillus licheniformis
NK-27 * . This could be due to the differences in the number
of acetyl groups in the substrate and on the influence of galac-

tose chain on the combination of enzyme with the substrate.

@

The optimal pH and temperature for Bacillus subtilis SA-
22 were 6.5 and 70°C
stable between pH 5.0 ~ 10.0 and remained most of its ac-

respectively. The enzyme was tested
P! y y

tivity after a treatment at 50°C for 4h and lost 50% of the ac-
tivity at 70°C for 3h. Because the enzyme is relatively heat-
resistant and can perform high efficient hydrolysis under mo-
derate pH conditions the enzyme may find many apparent ad-

vantages in industrial applications.
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