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(Imid) « (His) . (Gly) ( ); o
-C(Cyt-C) (Lys) Sigma ; 2 g/l Cyt-C  Lys
0.02 mol /L. (PBS pH 6.0) .
2.2
pH
3.1
NH,Cl Imid His
Gly o IDA-Cu(ll) Cyt-C Lys
1. 1 NH, Cl - His
1
Table 1  Selection of competitive agents
Cu®*
Competitive agent Molecular formula ~ Coordination number Protein Mobile phase Separation and leakage of Cu®*
; NH, CIKH, PO Cu?*
Ammonium chloride NH, Cl N1 LEI_F ng H26 04 Weaker elution strength less
(NH,CD ¥s (PBS pH 6.0) leakage of Cu®*
NH, CH, COOH N1 CyC Gly-PBS Better separati((::lrllh less leak—
Glycine (Gly) 01 Lys (pH 6.0) age of Cu®*
CytC Imid-PBS Cu®*
. . C3HyN, N 1 vt m Better separation less leak—
Imidazole (Imid) Lys (pH 6.0) age of Cu?*
. : Cu®*
Histidine( His) C(3 EﬁNi El({)i)CHH o % C]Z:L (Hﬁ_em(?) Higher chutng sirengh
i 2 ¥ P o Higher leakage of Cu**
Cyc-C: cytochrome C; Lys: lysozyme.
Cu’" ; Imid 2
2+ a b
Gly Cu
2+ 2 1
Cu ° i
Imid Gly MCAC .
3.2
. MCAC . 0 51015202530 3540 0 51015202530 3540
t/min t/min
o pH
8 . 1 PBS-dmid (a) NaAcdmid
(b)
Fig. 1  Chromatograms of standard protein mixture in PBS—
o PBS Tris— imidazole (Imid) system (a) and in NaAc-dmid system
HCl NaAc-HAc  Na,B,0,-HCl . Cyt— (M)
. 1. Cyt-C; 2. Lys. (a). (Mobile phase) Az 20 mmol/L
G Lys Imid  Gly PBS +0.5 mol/L NaCl + 1 mmol/L Imid(pH 6.0) B:20 mmol/L
4 1 2 PBS +0.5 mol/L NaCl +40 mmol/L Imid(pH 6.0); (b).
. ( Mobile phase) Az20 mmol/L PBS + 0.5 mol/L NaCl + 1
° la Cyt-C Lys  PBSdmid mmol /L Imid (pH 6.0) B:100 mmol/L NaAc-HAc +0.5 mol/L
o 100 mmol /L. NaAc-HAc NaCl +40 mmol/L Imid (pH 6.0) . (Column) : IDA-Cu
(ID(100 mm x 4. 6 mm); (Gradient elution) :
B 20 mmol/L PBS 0~35min 0 ~100% B (Flow rate) : 1 mL/min;
la 1b, Cyt—C Lys (Detector) :UV(A =280 nm) ; (Size of sample) 1 5 pL;

10.77  17.95 min,

(Concentration of each protein) : 2 g/L.
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2 CyC Lys PBS<Cly . TrissHCl  Na,B,0,-HCI  PBS
Tris  Cu®* ’ ; Na, B, 0,-HCI Cyt-C
Lys o Imid Gly PBS NaAc-HAc o
Cu** o 2
3.3 pH
pH
2
1
T L-Cu(I)
PH" DH” LH" 0 10 20 30 40 30 60
t/mi
(L-Cu()P) e
H* - 2 PBS-Gly
L-Cu(1l) + PH' Fig.2  Chromatogram of standard protein mixture in PBS—
= Gly sys
+ y system
L-Cu(ll)-P+H S
. \ LH* + Cu(Il )-P 1. Cyt-C; 2. Cyt-C (Proteins) 3. Lyso (Mobile
D phase) A:25 mmol/L PBS +0. 1 mol/L NaCl + 3. 1 mmol/L Gly
‘ (pH 6.0) B:25 mmol/L PBS +0. 8 mol/L NaCl + 150 mmol/L
DH* Gly(pH 6.0) » 1a(Other conditions are same as in
Fig. 1a) o
H +
. pH IDA-Cu(Tl) Cu** 2 3,
2 Gly pH
Table 2 Effect of pH on retention time of proteins in Gly system
Cay H Cl%/;gntion time of E};Tention time of Cu?*
(mmol /L) P Elution types C};t—C (min) JL;ys (min)/ Leakage of Cu®*
0 6.0 Chaneine ioni . .
anging ionic strength No elution No elution Least
0 3.0 Acid elution 31.54 36.74 Little
150 6.0 Competitive elution 21.69 38.44 Not little
+
150 3.0 Competitive and acid elution 20.21 30.24 Less

(Mobile phase) A:25 mmol/L PBS +0.1 mol/L NaCl +3. 1 mmol/L Gly(pH 6.0) ; B:25 mmol/L PBS +0. 8 mol/L NaCl + Gly.

3 Imid pH
Table 3 Effect of pH on retention time of proteins in Imid system
i - ] Cyt-C Lys
Cmi”” CN’“‘?}’I CI\“]L/II CI'“]“}] pH Retention time of Retention time of
(mmol /L) (mmol /L) (mmol /L) (mmol/L) Cyt-C (min) Lys (min)
20 0 500 40 6.0 10.70 18.80
20 0 300 40 3.0 No elution No elution
0 100 500 40 6.0 10.77 17.95
0 100 500 40 4.0 No elution No elution
1 B (All concentration parameters are composition of mobile phase B in Fig. 1 respectively) o

2 Gly



Fig.4 Relationship between the concentration of Imid and
the retention of proteins

(Mobile phase) Az20 mmol/L PBS + 0.5 mol/L NaCl +
1 mmol/L Imid (pH 6.0) B: 20 mmol/L PBS +0.5 mol/L NaCl
+20 25 30 35 40 mmol/L Imid (pH 6.0)

la

(Other conditions are same as in Fig. 1a) o
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IDA-Cu(I) pH 6.0 3.0 Cyt-C  Lys 31.54
36.74 min . Cu* .

Cu** o
Cu** . Cu**
o Gly 150 mmol/L pH 2
6.0 3.0 Cyt-C 21.69 min
20.21 min Lys 38. 44 min 30.43 min
Cu’? o 3
. I
3 Imid pH o
3 Imid PBS  NaAc-HAc 0 10 20 [mﬂm 0350 60
pH 6.0 o pH
3.0 4.0  Imid Cu®* 3
’ Fig.3  Chromatogram of standard protein mixture
Gly under cooperative effect of competition and acidity
° Imid 1. CytC; 2. Lyso ( Mobile phase) A: 25
pH 6.0 o mmol /L. PBS + 0.1 mol/L. NaCl + 3. 1 mmol/L Gly
3.4 (pH 6.0) B:25 mmol/L PBS +0.8 mol /L NaCl + 150
MCAC mmol /L. Gly (pH 3.0) la(Other condi-
10 (SDTR) _ tions are same as in Fig. la)
lgk' = lgl + Zlg(1/ D ) @)
k' MCAC ;D el
A
. €)) MCAC
(1 Imid  Gly
IDA-Cu(I) 4 5 o Imid Gly lgk’ l1gl/ D
0.984 0.986 o SDTR MCAC.
1.6 1.8
Lys Lys
14} /
P Cytc S 16t
12}
/ Cyt-C
4
9 s s "0s T 12 4
Ig 1/[D] 1g 1/[D]
4 Imid 5 Gly

Fig.5 Relationship between the concentration of Gly and
the retention of proteins

(Mobile phase) Az25 mmol/L PBS + 0. 1 mol/L NaCl +
3.1 mmol/L Gly (pH 6.0) B:25 mmol/L PBS +0.8 mol/L NaCl
+50 75 100 125 150 mmol/L Gly(pH 6.0)

la(Other conditions are same as in Fig. 1a) o
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Competitive Elution of Proteins in Metal Chelate
Affinity Chromatography
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Abstract The retention behavior of proteins on strong affinity metal chelate column(IDA-Cu(Il)) was studied
using cytochrome-C(Cyt-C) and lysozyme (Lys) as typifiers. The effects of competitive agents and buffer
systems on the retention of proteins on IDA-Cu (Il) column were investigated. In potassium dihydrogen
phosphate (PB) and sodium acetate-acetic acid(NaAc-HAc) buffer systems the better separation for proteins
could be obtained by using imidazole(Imid) and glycine(Gly) as competitive agents. The effects of pH on the
retention of proteins on IDA-Cu(Il) column were examined in Imid and Gly eluting systems respectively. For

effective isolation of proteins and less leakage of Cu’”

the eluting method of competitive displace combined
with decreasing pH was a better choice for Gly system. As for Imid the pH value should be controlled at 6. 0.
Proteins could not be easily eluted at the low pH. The results indicate that the relationship between the
concentration of competitive agent and the retention of proteins on IDA-Cu(Il) column conforms to the stoichio—
metric displacement theory for retention (SDT-R). The retention time decreased with increasing competitive
agent concentration. The retention factor (k") and the reciprocal of competitive agent concentration (1/ D )
were well logarithmic linear relationship. The linear correlation coefficients were above 0. 984 and 0. 986

respectively.
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