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AWFFEH > FF Novagen His-Bind resin B RC 5 fy [EiaEiEs - HiF A 5B EEES
F IDA (iminodiacetic acid ) » T ZE-E 53T > B AE Gt EH AR (immobilized
metal affinity resin ; IMAR ) B2 [&| B b4 & FR AR ( immobilized metal affinity membrane ;
IMAM ) {85 R & EHFE AR JEPE AR mﬁgzﬁ%}%&( crude penicillin G Acylase solution ; crude
PGA) HELTHINIRST - AR BN e T4 L PGA - (] IMAR 4i{b PGA 2
AR 0 JEAEAR By 10mM phosphate buffer, 0.02M NH,CI ; [ 3E/5& & 1M NHLCI,
20mM imidazol , 10mM phosphate buffer > 15-Z( 78.3 % AU » 10.92 {E4f{ {24 - IMAM
RERBEEHE (H/] IMAM 4i{k PGA ZJRi2 » M8 1.5 M NHCIl, 10mM
phosphate buffer > {551 97.1%[EI » 21.31 &l B3R - fH_EAEERELE > 1551 IMAM
FAE R IMAR £ -
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Investigation the effect of purified penicillin
G acylase by immobilized metal affinity resin

and immobilized metal affinity membrane

Chih-I Chen, Cheng-Ju Yao

Abstract

This study was compared the purification efficiency of immobilized metal affinity
resin (IMAR) and immobilized metal affinity membrane (IMAM). Novagen His-the Bind
resin and RC membrane were used as solid carrier, which contains high-density ligands of
IDA (iminodiacetic acid) to chelate copper ions to become an IMAR and IMAM. Then, the
IMAR and IMAM would be used to purify penicillin G acylase (PGA) form crude PGA
solution with flow reactor by the effect of to affinity adsorption. For IMAR purification
effect experiments, the washing solution is 10mM phosphate buffer, 0.02M of NH4Cl and
the elution solution is 1M NH4CI, 20mM imidazol, 10mM phosphate buffer. After washing
and elution process, the activity recovery rate is up to 78.3% and purification increases
10.92-fold. The IMAM was laboratory-made and used the elution solution of 1.5 M NH,4CI,
10mM phosphate buffer to purify PGA. It was obtained 97.1% the activity recovery and
21.31-fold purification from the IMAM purification effect experiments. Consequently, the
results showed the purification efficiency of IMAM is better than that of IMAR.

Keywords: immobilized metal affinity resin (IMAR), affinity adsorption, penicillin G
acylase (PGA), immobilized metal affinity membrane (IMAM).

Chih-I Chen, Associate Professor, Department of Energy and Materials Technology, HUST. , “\
Cheng-Ju Yao, Engineer of Manufacturing Dep., Formosan Union Chemical Corp. | ‘ \ = ]
Received 3 July 2012; accepted 20 September 2012 \ .



BB IEREERIER LB EOMERIRE R 2L UR | [R5  K2F 57

[l

_‘ﬁﬁ

J& P8 Pk B Bz B 2% (Penicillin G
acylase ; PGA)/g —THEZ AW - o]
H#EITHEFES M (Pencillin G & PG)Z /KRR
& > Ak 755 [ Z % (6-aminopenicillanic
acid ; 6-APA)  fE R i R IFRHEE - (It
WHEIMSEIRE @ (FH HS4E PGA » ¥
m R ELEREE] -

[65] 7 { b B 22 07 VA AR A SRR (gel)
#HAE RAELAEEREW
iminodiacetic acid (IDA) ~ nitrilotriacetic
acid (NTA)ZF > FAFEEE @
40 Cu™ > Zn** > NP5 > AL B AL
R G781 PGA ¥ & h 2 4H e
(histidine) ~ REHZEE (cystein) ~ 0 fE I
(tryptophan) 5z fiz BB TP Rl i (3 2 7 52 M
R EN2,3] » & TE A B SR -
IS ERREE Z S AR R B [4] - H
b 7 5% PR £R [ AS HAG _ P Bl e 2 T
2 A MR S R AT A0S R » AT 222 ) O il
4ifb PGA » AT R4 P E
{ERIHEEL RC B > PRETH PGA Z&l{E %
(R0 DL 77 7 S &R (WSS
B[S AR B R R A TE -

=~ RS EESE
2-1 B

Fractogel Resin > [/ =[] Novagen

4
T

0.

i

~HE
(DAB) -y 3= E] Sigma /2 =]; Coomassie
brilliant blue > B§A3EE] Bio-Rad Lab /Y
&]J; Penicillin G potassium salt (PG) » JEi?
58 MDBio /A 5] HAt &% ity Ryl #E4)

4-Dimethylamino-benzaldehyde

P
2-2 ¥ PGA J® (crude PGA) %!
g

i E. coli FEIFRUERRERE » /AL
Sedr 2 B REREL 100ml > Jf72 9000 rpm 4
CIEEL S i - B0 & ZIUEY) - I
EHET7KIFRRIR » BB & Z 0
Y1 FARS lysis buffer (0.1M PB, pH 8.0,
0.1 MNaCl) 1« DIBRJJ=ITHERRS » 471
WE& Z EIRS 9000 rpm 4C NEEL 5 77
o UNEERE MR 2 BB > Bl PGA
i
2-3 IMAR 7 #iff5

e H% SRR IS) 2 07 % © B AT
(Polypropylene columes) 1#iff IMAR >
¥ 1.1ml Resin

Novagen Fractogel

(methacrylate bead matrix, dry weight: 452
40-90 12 m) LA
15ml,100mM CuSO4 T » B ]
ElbEhils (IMAR) -

2-4 IMAR EAIKHT PGA

¥ Fractogel resin-Cu* & A 25ml, 0.1
U/ml PGA FHEEZRK T 12hr > BRI

mg/ml, Particle size :
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2R GRS - PR 4°C, pHS, 10mM
PBS, 0.19gNaN; 5 » ffFF{FEHL -
2-5 IMAM 7 #iffg

HUF AR S — 5k > Il A Sml
Epichlorohydrin (EPI) £2 20ml, 1,4M
NaOH » NEZEEFRT 24°C, 150rpm
T HEFTEE 12 /NRfR - ARBET/KE
e 2R IR ER AR SRR (S
IM Na,COs & IM IDA > i 24°C,150rpm
T ETRIE 14 /N > FFREERETKE
SRR 0 AR E Y 25ml, 25mM
CuSO. R 5 FA 18°C,150rpm N7 JE 1
/N > LA pH 8, S0ml S4BT (PBS;
sodium phosphate buffer) &5 » BJELEY[E
JE AL <& 8 R A BE IMAM)[6] - R
IMAM 4 25ml, 0.1 U/ml PGA JHEZZ
IR 12hr > B R AR B R 2R B
PR 4°C, pHS, 10mM PBS, 0.19%NaN;
o R -

2-6 JERENZUEREA(L PGA

AR BB R ERNE
[7] > HY 11ml IMAR E¢ 10 5 [EE (L)
B - BBz LS~ cartridge
N 36 IMAR ZIEFE S (BIEME
Purification Kit ###% /% D: 2cm x H: 30
cm) B IMAM Z TR g3 (BEsC UM -
A Byouter D: 6.7 cm x H: 13.4 cm;
interior D: 4.6 cm x H: 7.6 cm) (H[E]

—) o [EHREEDHPEGR R 1ml/min > 5
{5 FH 242 % (washing - solution) /75 5t 7 25
H > A ERARIREL PGA - A6 47 B
Wt es - & 3ml Fy—& B U EE - ek o
HETPGATEHHEHERE T EFR:
i {EXEE (Purification fold)= (H$g PGA
K2 EEEME)/( A PGA /2 ERE
)*100% ; PGA [E]U (Recovery)= (!
f& PGA RZ/EMEE)/(EHEIH PGA IRZ
UEMEE)*100% -
2-7 53Tk
2-7-1 EBHEREHE

{5 Bradford 777£[8] > Coomassie
brilliant blue G-250 BiZEHE&EE% @ 1F
K 595 nm N SHIEIESEAE I LA Bovine
serum albumin (BSA) B2 E 'S » {Ef
EAPHIE ©

2-7-2  PGAJEM:STHT

{8 F Balasingham 2 A [9] 2~/
7% B 1 ml RERDEMEENN L 8 ml 2 50
mM Wi LR EAR (pH 8)F1 1 ml 2 2 %
PG 7578 » i~ 37°C Z AR /KFE RS - HU
FKBRREE 15 78E(% - R R 415
nm > JHERSEE -
273 BTG RETRI

FR48 Johnson et al. [10] #H%T > &8
ity EDTA V&K > £ 800 nm N AL
B » BRABLTEAENHTEE & -
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3-1 #HEEEES Cu2' &

JeriZ Bz [11] - B E AEM
B2 IMAM [E#EE Cu* 24lifE PGA %
% 0 B LU RIE R #ETT PGA 4L
A% - (AU 90.25% b Z=m]iE 9.11
f& o T[T - FEHEEST S
TS AT P AR SRS R R M AR
HEHET 4L PGA BEZ - (NILEST
KUZERT > R ER 2-7-3 Srifras -
BE G R B RM—H IMAM
% 752 + 0.5 umol ; JHIES IMAR (1.1ml )
A 75.1203 gpmol - FIEEHE Cu®f

=,

2.
3-2 ffiF] IMAR - &fi{b PGA 2 #%

BALEA
3-2-1 BEEEREI R

TEE Ef b A g B R
) 4% 17 725 7 K 26 (i FH DK (imidazole) 2
NH,Cl > FIEAIAZTESALL imidazole Al
NH,Cl 8 5 & A b R A i 5 e
MR 2 SR o AL E Ao BRES
NH,CLEREE R RUR s 2 S5 R
1o 3 1 541 [ 0.02M fy NH,CI
YR ER PGA #H 2t BB i #e &
A RIEEEERT 0.02M Y NHLCl {E Bk
(washing)/Z57% o BE 2311 NH4Cl BEZE

2.5M BF > PGA [B[ R 7 73.99% > H4H
{EASTRIES - TTREREARE NHC 8
PGA JEPE - fHEAER A > B
NHLCI» 54 PGA 52 2B T -

3-2-2 Imidazol )2 E Y228

WSCRRIS, 7] » Bl NHLCl R
imidazole [ A [EURENE Rhidiai -
LU BN eSS B BpLLER IMAR ¥ PGA
GALRER - PRE RS IR R R (2R
1~ 322 B3R 3) o ik | EERAE 4T -
A~ FE R E ASM - 2.0M -
2. SM)NH,Cl EHEEaEiy - HEER
1=y 73.9% » [IRERE AL EHEE
JEfE 10 mM imidazol HRAIAN [ERRE
(0.5M ~ 1.0M ~ 1.5M)NH,CI > |13 2 El
SRR > H[E[RERAFE(81%-84%)
FH L AT AI{E A NHLCl E AR PGA
GiAL - EA AR BEE - BEE IM
NH,CI1 > iR [EEfE imidazol B » FHFE
3 B EsS R [ imidazol SR HH S mM
B2 20mM - 5] 152 PGA [B|UEH 68.6%
B 96.0% - dli{bfZ2R 7.46 ZE 9.30
ft > BB R ARSI - S AR
20mM imidazol ~ 1M NH4CI {/E E4ii{k
PGA ZHHE/E ©
3-3 (EFEEHNLEE (IMAM):

Fi1k PGA B2 7 S bR

FIFEEH EE (L PGA BEZRHE » st
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NH,ClRE P R A2 8 45510
4 ek 4 1551 > A 0.02M NH,Cl R E
I o Il fE PGA o2 tHsk - A — 25k
& AR R R EE R LR AROA R
FEEN
F2 1 #fdH NHACL 2% IMAR 2 PGA
paE(MEIrEvES

NH4Cl PGA Protein Specific Purifi- Recovery
M) (U/ml) (pg/ml) activity catio (%)
(U/mg) (-fold)

0.01 0 10.1 0 0 0
+0.3

0.02 0 11.0 0 0 0
+0.7

0.03 115 243 264 121
0.04 03 =I.1
0.06 0.04 134 276 299 16.0

02 *1.3

1.5 0.10 142 7.5 775 440
01 2.0

20 0.14 176 792 859 64.6
003 *1.8

25 017 268 624 677 739
001 0.9

Loading buffer: 10mM phosphate, pH 6, shake for 12h
at 18°C

Loading protein 6.25ml, 0.483mg/ml ;

IU/ml; specific activity 0.922 IU/mg

Elution buffer: 10mM phosphate, pH 6.5, shake for 1h
at4C

activity:0.445

#% 2 DIIMAR #E{T&FE NHACLHEE (b
PGA 7 %5

NH,C1 PGA  Protein Specific Purifi- Recovery
M)  (IU/ml) (g g/ml) activity cation (%)
(U/mg) (-fold)
0.5 0.14 17.9 8.04 8.72 82.3
+0.01 *1.7
1.0 0.15 17.4 8.55 8.68 81.3
10.02 0.8
1.5 0.17 19.7 8.49 9.21 84.1
10.01 2.3
Loading buffer: 10mM phosphate, pH 6, shake for 12h
at 18°C

Loading protein 6.25ml, 0.483mg/ml ; activity:0.445
IU/ml; specific activity 0.922 IU/mg
Elution buffer: 10mM imidazol, 10mM phosphate, pH

6.5, shake for 1h at 4°C

#% 3 DL IMAR #1717 %75 imidazol JEREE4l
1k PGA Z 3R

Specific  Purifi-

Imidazol PGA  Protein activity  cation Recovery
(mM)  (U/ml)  (pg/ml) (Umg)  (-fold) (%)
5 0.13 18.5 6.78 7.46 68.6
+0.02 2.5
10 0.13 19.5 6.67 7.35 73.1
+0.06 +1.4
13 0.17 20.5 8.16 8.99 86.9
+0.12  +0.5
17 0.19 21.1 8.81 9.70 90.8
+0.08 *1.2
20 0.20 23.5 8.44 9.30 96.0
+0.15 +0.1
Loading buffer: 10mM phosphate, pH 6, shake for 12h
at 18°C
Loading protein 6.25ml, 0.439mg/ml ; activity:0.3988

IU/ml; specific activity 0.908 IU/mg

Elution buffer: 1M NH4CI, 10mM phosphate, pH 6.5,
shake for 1h at 24°C

vl



BB IEREERIER LB EOMERIRE R 2L UR | [R5  K2F 61

MifE 1.5M NH,CI 5 > 7]75%] PGA
[ By 98.9% » PL[EIAREASTRR[12]1H
AT Ha bR 10.23 % BUE %
Mg PGA ZBE -

3-4. JnBhEUS e 2 di bR

S —(EER AR > RS O A 5
(ligand) » DVFEZEE HEE S Cu® >
RE IR T 2 B EEEE 2 (PGA) 5 IR
BRI RS R Cu® 2 e fir SR b &
5E PGA[13] © ffiH 11ml IMAR #E{T7RE)
AR IEZHE - EhpsERAE 2 - HiE 2
350 » PGA [ECEFy 78.3% » &lifLf%%
B 10.92 £ 546 > [EFH 10 B IMAM i
TrmEh =R IE IR - EEAEFE 3 -
HHlE 3 551 > PGA [EIUCE B 97% » 4k
5% Ry 21.31 % o FHRIE LLEEes > 0]
3 IMAM § IMAR (% > HHE & 248
AR RS 72 Bl - KRR 52
IMAR T7HGU T PGA §E4558 » AT
PGA LLEM/D - 5541 - IMAM 4lifEfER
Bl [m[g %< > BS54 Fitton et al. [4]{FFH Cu®”
24551 Sepharose ZIEFAEFE ([BIY
97 %ok FAHAT ~ (HALAE AR 12.36 fi5)45 R

fi o
I - ¥R

A Bt %% DL Novagen His-Bind
Fractogel resin B RC & [ fE &k ES » Al H

BA S EEAE IDA » B ST 8l
iR IMAR BLIMAM - #E{T4i{E PGA -
A IMAR > §iEE T &8 751203 1
mole/ml > [&7E PGA &4 Fy 1.25 U/ml »

AT ER AR Ry 10mM phosphate
buffer(Z 0.02M NH,CI) » 32 75 57
10mM buffer( & 20mM
imidazol ~ 1M NH,CI)  {RIEL (R4S
F o 155 PGA [R5y 96.0% » &b
9.3 f% - I IMAR DU BN e 2a it
{T4li{k PGA » 1SF[EUE Ry 78.3% » 4l
{BAEAR T 10.92 % - S5HMER] IMAM - i
IR IR A 22 75.020.5 pmol/disc s YR
VA By 10mM phosphate buffer(Z 0.02M
NH4Cl) » HHE/A K 5 10mM phosphate
buffer(& 1.5M NH4C]) ; & 10 H IMAM
Bm ez s T4l L PGA > PGA
Z[EBCRATTT# 97.1% - @i{EfE R R
21.31 % o =40 E PGA REERT > 1]
Z57H IMAM #% IMAR { o

v RS
RPN S E el

= A ) (LA E B ts LUEA]
#ELT > AR — R RGH -

phosphate

H
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%4 DI IMAM #{T NH4CI EEL(L

PGA 7554
NH4Cl PGA  Protein iﬁ Zf/li?; Ic’;tril(f)ir; Recovery

M) UmD Qe Gy fold ()

0.01 0 3.8 0 0 0
+0.8

0.02 0 7.0 0 0 0
+0.7

0.04 0.09 76 1182 1.64 4.7
+0.01  *I1.1

0.06 0.12 83 1448 2.01 6.4
+0.01 £1.5

0.08 0.15 84 1779 247 7.9
+0.01  £I1.0

0.1 022 99 2228 3.09 116
+0.01 *1.9

03 043 10.6 4.076 5.65 22.6
+0.01  +£2.1

05 093 154 6.047 839 497
+0.03 2.0

07 130 194 6.697 929 6838
+0.02  *1.5

1.0 162 229 7062 979 844
+0.03  +1.8

1.5 189 256 7377 1023 989
+0.03  £2.6

20 188 270 6958 9.65 989
+0.03 +24

Loading buffer: 10mM phosphate, pH 6, 12h at 18C,
100rpm
Loading PGA: 25ml, 0.19mg/ml, activity: 0.137IU/ml,
specific activity 0.7211U/mg

Elution

buffer:

various concentrations of NH4CI,

10mM phosphate (pH 6.5), shake for

lh at 24°C.

Ranges denote the standard deviations of three tests.

Cartridge*

UV/VIS Spectrophotmeter

? \ Peristaltic pump

LiEha S e ds 2 A Bl

" For IMAM :outer D: 6.7 cm x H: 13.4

cm; interior D: 4.6

cm X H: 7.6 cm.

* For IMAR: Purification Kit size D: 2cm

x H: 30 cm.

—e—protein
—— PGA activity

PGA activity(IU)

protein (mg)

0 10 20

30 40 50 60

Fraction Number

2. (] IMAR fEREhA S RS - 4lMk

PGA %5
W
0.6
—=—PGA activity
44 —e—Total protein [os
Loa
% 0.3
z
2 24
g washing Elution re?
<
S
& j \ 0.1
04 0.0
}--0.1

T T T
0 10 20

T T T T
30 40 50 60

Fraction Number

(3uw) uato1g

3 A 10 B IMAM fER B0 eSS

4iifb PGA 455
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