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2．実験項

［1］試薬、充填剤
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［3］静的吸着量の測定
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［4］タンパク質分離選択性の測定
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［5］タンパク質サイズの動的吸着容量への影響測定
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［6］充填剤の使用耐久性の測定
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3．結果と考察
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［2］タンパク質の吸着容量 
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［3］タンパク質の分離選択性
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TOYOPEARL GigaCap DEAE－650M
TOYOPEARL DEAE－650M
Capto DEAE
Fractogel EMD DEAE (M)
a Dynamic binding capacities were determined at 10% breakthrough curve. Column size:6 mm I.D.×40mm height.
   Sample: bovine serum albumin 1 mg/mL. Flow velocity: 212 cm/hr. Detection: UV at 280 nm. 
b Binding buffer: 0.05 mol/L Tris-HCl buffer, pH 8.5. 
   Elution buffer:  0.05 mol/L Tris-HCl buffer, pH 8.5, 0.5 mol/L sodium chloride.
c Binding buffer: 0.05 mol/L Tris-HCl buffer, pH 8.5.

Table 1　Comparison of dynamic binding capacitya for bovine serum albumin on weak anion exchanger

Ion exchange
capacity

［meq／ mL］
0.23
0.11

0.29－0.35
－

Particle
size

［μm］
50－100
40－90
90
40－90

Resin
Dynamic binding
capacityb

［mg／ mL－gel］
165
25
140
－

Recoveryb

［%］
100
97
96
－

Static binding
capacityc

［mg／ mL－gel］
179
30
143
52

TOYOPEARL GigaCap S－650S
TOYOPEARL SP－650S
TOYOPEARL GigaCap S－650M
TOYOPEARL GigaCap CM－650M
SP Sepharose HP
Capto SP ImpRes
a Dynamic binding capacities were determined at 10% breakthrough curve. Column size: 6 mm I.D.×40mm height.
   Sample: gamma-globulin 1 mg/mL. Flow velocity: 212 cm/hr. Detection: UV at 280 nm. 
b Binding buffer: 0.05 mol/L sodium acetate buffer, pH 4.7.
   Elution buffer:  0.05 mol/L sodium acetate buffer, pH 4.7, 0.5 mol/L sodium chloride.
c Sample: gamma-globulin. Binding buffer: 0.05 mol/L sodium acetate buffer, pH 4.7.
d Sample: Lysozyme. Binding buffer: 0.02 mol/L phosphate buffer, pH 6.0.

Table２　Comparison of dynamic binding capacitya for gamma-globulin on cation exchange resin

Ion exchange
capacity

［meq／ mL］
0.24
0.16
0.16
0.24
0.15
0.12

Particle
size

［μm］
20－50
20－50
50－100
50－100
24－44
36－44

Resin
Dynamic binding
capacityb

［mg／ mL－gel］
164
－
145
100
65
27

Recoveryb

［%］
99
－
98
97
100
100

Static binding
capacityc

［mg／ mL－gel］
177
47d

156
120
105
89

TOYOPEARL GigaCap Q－650S
TOYOPEARL GigaCap Q－650M
Q Sepharose HP
Capto Q ImpRes
a Dynamic binding capacities were determined at 10% breakthrough curve. Column size: 6 mm I.D.×40mm height.
   Sample: bovine serum albumin 1 mg/mL. Flow velocity: 212 cm/hr. Detection: UV at 280 nm. 
b Binding buffer: 0.05 mol/L Tris-HCl buffer, pH 8.5. 
  Elution buffer:  0.05 mol/L Tris-HCl buffer, pH 8.5, 0.5 mol/L sodium chloride.
c Binding buffer: 0.05 mol/L Tris-HCl buffer, pH 8.5.

Table３　Comparison of dynamic binding capacitya for bovine serum albumin on anion exchanger

Ion exchange
capacity

［meq／ mL］
0.20
0.17
0.15
0.12

Particle
size

［μm］
20－50
50－100
24－44
36－44

Resin
Dynamic binding
capacityb

［mg／ mL－gel］
191
172
81
40

Recoveryb

［%］
99
97
99
100

Static binding
capacityc

［mg／ mL－gel］
200
191
114
92



�� TOSOH  Research  &  Technology  Review  Vol.57（2013）

Δɻ4 άϨʔυͷΧνΦϯަٴ׵ͼΞχΦϯަ׵λΠ

ϓͷධՁ݁ՌΛ Fig. ３ɺFig. ４ʹ͕ࣔͨ͠ɺ. άϨʔ

υʹൺ΂༹ग़ϐʔΫ͸ɺΑΓγϟʔϓԽ͞Ε͓ͯΓɺ

ඍྔෆ७෺ͷ෼཭ೳ͕վળ͞Ε͍ͯΔɻ࠷ऴਫ਼੡޻ఔ

Ͱͷਫ਼ີ෼཭༻్Ͱͷར༻͕ظ଴͞ΕΔɻ

［4］タンパク質サイズの動的吸着容量への影響

ɹ֤छΞχΦϯަ׵ମͷλϯύΫ࣭αΠζͷಈతٵண

༰ྔ΁ͷӨڹΛଌఆͨ͠ɻ݁ ՌΛTable４ʹ͕ࣔͨ͠ɺ

50:01&"3-�(JHB$BQ γϦʔζ୲ମ͸ɺαΠζͷେ

͖͍λϯύΫ࣭Λ༻͍ͯ΋طଘ੡඼ʹ͘Β΂े෼ʹߴ

ண༰ྔΛ༗͢Δ͜ͱΛ֬ೝͨ͠ɻ͜ΕʹΑΓɺλٵ͍

ϯύΫ࣭αΠζʹΑΒͣɺछʑͷλϯύΫ࣭ͷਫ਼੡ʹ

ར༻ՄೳͰ͋Δͱ͑ߟΒΕΔɻ

［5］充填剤の使用耐久性

ɹҰൠతʹλϯύΫ࣭ͷਫ਼੡ʹ࢖༻͞ΕͨΧϥϜ͸ɺ

λϯύΫ࣭ͷٵணɾ୤ணૢ࡞ͷޙɺΧϥϜͷەࡴͷ

ͨΊɺ/B0) ʹΑΔચড়ૢ࡞ʢ$*1 �ɿ$MFBOJOH�JO࡞ૢ

QMBDFʣ͕ߦΘΕɺ࠶ར༻͞ΕΔ ��ʣɻ͜ͷ࣌ɺ/B0)

ʹର͢Δ҆ఆੑ͕௿͍ͱɺॆరࡎͷબ୒ੑ΍ٵணೳ͕

௿Լ͠ɺͦͷ݁Ռॆరࡎͷަ׵ස౓͕͘ߴͳΔͨΊɺ

λϯύΫ࣭ҩༀ඼ͷ੡଄ίετ͕͘ߴͳΔɻ͜ ͜Ͱ͸ɺ

ΞϧΧϦੑચড়ӷͱͯ͠ɺ����NPM ʗ -�/B0) Λ࢖༻͠

120

100

80

60

40

20

0

－20

m
V

0 10 20 30 40 50 60
Retention  time［min.］

1

2

3

TOYOPEARL GigaCap DEAE－650M

TOYOPEARL GigaCap Q－650M

Capto DEAE

Fig.１　Protein selectivity of TOYOPEARL GigaCap DEAE－650M
               Column size: 7.5mm I.D.×75 mm height. Buffer A: 0.05 mol/L Tris－HCl, pH 8.5. Buffer B: 0.05 mol/L 
               Tris－HCl, pH 8.5, 1.0 mol/L sodium chloride.  Gradient: 120 min. linear gradient from buffer A 100% to 
               buffer B 100%. Flow rate: 1.0 mL/min. Detection: UV at 280 nm. Sample: 1. transferrin 2.9 mg/mL, 2. 
               ovalbumin 6.5 mg/mL, 3. trypsin inhibitor 10.0 mg/mL. Injection volume : 100μL. 
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Fig.２　Protein selectivity of  various proteins on TOYOPEARL GigaCap DEAE-650M
               Column size: 7.5mm I.D.×75 mm height. Insulin separation : Buffer A 0.05 mol/L Tris-HCl, pH 8.5. Buffer B 0.05 mol/L 
               Tris-HCl, pH 8.5, 1.0 mol/L sodium chloride. Gradient 60min. linear gradient from buffer A 100% to buffer B 100%. Flow 
               rate 1.0 mL/min. Detection UV at 280 nm. Sample Insulin 4.9 mg/mL. Injection volume 100 μL.. Monoclonal antibody 
               separation : Buffer A 0.015 mol/L Tris-HCl, pH 8.7. Buffer B 0.015 mol/L Tris-HCl, pH 8.7, 0.5 mol/L sodium chloride. 
               Gradient 60min. linear gradient from buffer A 100% to buffer B 100%.  Flow rate 1.0 mL/min. Detection UV at 280 nm. 
               Sample monoclonal antibody 4.5 mg/mL. Injection volume 100 μL. 
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Fig.３　Protein selectivity of TOYOPEARL GigaCap S-650S
               Column size: 7.5 mm I.D.×75 mm height. Buffer A: 0.02 mol/L phosphate buffer, pH 7.0. 
               Buffer B: 0.02 mol/L phosphate buffer, pH 7.0, 1.0 mol/L sodium chloride. Gradient: 60 min. 
               linear gradient from buffer A 100% to buffer B 100%. Flow rate: 1.0 mL/min. Detection: UV at 
               280 nm. Sample: 1. ribonuclease A 9.8 mg/mL, 2. cytchrome C 3.6 mg/mL, 3. lysoyzme 6.4 
               mg/mL. Injection volume : 20 μL. 
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Fig.４　Protein selectivity of TOYOPEARL GigaCap Q-650S
               Column size: 7.5 mm I.D.×75 mm height. Buffer A: 0.05 mol/L Tris-HCl, pH 8.5. Buffer B: 0.05 mol/L 
               Tris-HCl, pH 8.5, 1.0 mol/L sodium chloride. Gradient: 120 min. linear gradient from buffer A 100% to 
               buffer B 100%. Flow rate: 1.0 mL/min. Detection: UV at 280 nm. Sample: 1. transferrin 2.9 mg/mL, 2. 
               ovalbumin 6.5 mg/mL, 3. trypsin inhibitor 10.0 mg/mL. Injection volume : 100 μL. 
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a Dynamic binding capacities were determined at 10% breakthrough curve.
   Column size: 6 mm I.D. × 40 mm height. Flow velocity: 212 cm/hr. 
   Detection: UV at 280 nm. 
b Sample: bovine serum albumin 1 mg/mL. Binding buffer: 0.05 mol/L Tris-HCl 
   buffer, pH 8.5. 
c Sample: gamma-globulin 1 mg/mL. Binding buffer: 0.015 mol/L Tris-HCl buffer, 
   pH 8.7.

Table４　Effect of protein size on dynamic binding capacitya of anion exchanger

gamma－globulinc

160kDa
103
92
104
90
13
32
51

BSAb

66kDa
170
181
173
108
145
29
25

Resin
Dynamic binding capacity（g/L）
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Fig.５　Cleaning in place stability test
               CIP conditions; Alkaline washing solution: 0.5 mol/L sodium hydroxyde. Washing 
               flow rate: 0.5 ml/min. Alkaline washing time: 1h. DBC conditions; Column size: 6 
               mm I.D.×40 mm height. Sample: gamma-globulin 1 mg/mL for cation exchanger. 
               BSA 1 mg/mL for anion exchanger. Binding buffer: 0.05 mol/L sodium acetate 
               buffer pH4.7 for cation exchanger. 0.05 mol/L Tris-HCl pH 8.5 for anion exchanger. 
               Flow linear velocity: 212 cm/hr. Detection: UV at 280 nm.
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