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Development of Magnetically Separable Immobilized Trypsin
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Magnetically separable immobilized trypsin was developed and their biocatalytic activity was evaluated for the different
immobilization media. The activity, recyclability, pH effect, and stability of immobilized enzymes were evaluated for the different
supporting media. The biocatalytic activity of immobilized trypsin was highest with magnetically separable polyaniline (PAMP),
and Vm and Km of PAMP were 0.169 mM/min and 0.263 mM respectively. With increasedpH, the biocatalytic activity
increased for all supporting materials used. Immobilized enzymes were recycled and recycle activities were over 90% of their
original activity after ten times reuse. The operational stabilities of enzymes were greatly improved with enzyme immobilization.

Key Words : Trypsin, Magnetically separable, immobilized enzyme

M2
EAe dudS EajEhe a4EA diAdd A7E A
il B A @] AMEsln Qo[ 2] EFA A7)
S A A7) ANE Fafistr] dEd 28 24E AL

At 243 FAe] $edE SHek] A gol 7o
STH3-51 =3 AF AN AF4] SA4E w0171 Ad) ot
e diAe AAS7] s Be) AHE SkrHe-8].
29 Yirnlo| QE|AE2A Y] BEF HEo @A E
ol A4 1ASM] B ATV LS IPHA Yot
9, 10). 71&9 1A3t A9 Bole YA 2717 Au
B2E 1% ¥ 5 Av Fol BHHA o Az A=
13t Za AAY 22 AGAY Wi 143} Bhe) e
o] "ojxle o] Btk HI WkHazEA Y L
et 243t FA9 A7) eAl22 FaAd £ A3
ol |Al 4F 1A} AFCEN E&S FUls A7
71gol AEH Tl ol¥A Axd 1A} Ha9
ArHE-S Bdisty] 8 dAEEY BHE AREStY uhE
gdog Ry ALE st AMSste A7 I

R

R

t Corresponding Author : Department of Chemical Engineering,
Chosun University, Gwangju 501-759 KOREA
Tel : +82-62-230-7159, Fax : +82-62-230-7226

E-mail : leejh@chosun.ackr

350

1% At A27|0] Wegol g
b egAE olgde] KA AZ Fo2A
7 5@ QAE BEL don oF BesE
s k2, 13].

B AL dreel Jee LAY FAE A8
sl ol EAuRH) BE3AG7) Ao 2YHY xAh
9] 27 Wl Bl Atk ol B 24
oz W94} Bt 3HARS FoRA US T Y
o2 L AT A%l ALso] FrHo-11, 14].

£ QPN A2 Belh e 148 A A
shn olelg BA) ERVS 143 AA AL 34T
ozM A4oz R} b5 WA BAT 148 Kaw
Azl AET 4+ U= TFsAe ARG,

,Q_
a

al
o
4

0ot

M

Hl
%2

o
i3

Al
=

FEN

whild B 849 EA, N-benzoyl-DL-arginine-p-nitroanilide
(BAPNA), Glutaraldehyde (GA), tetrahydrofuran (THF),
Carboxymethylcellulose (CMC), diethylaminoethyl cellulose
(DEAE) and N,N-dimethylformamide (DMF)< Sigma-Aldrich
(St. Louis, USA)9lA 9] 319021 ironoxide manoparticle2]
Bt 20-100 nm & AHgEtP o] THES A & F AL
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8}t Polystyrene (PS, Mw=900 000)3} polystyrene-comaleic
anhydride(PSMA, Mw=224 000; maleic anhydride content=7 wt%)
= Z}Z} Pressure Chemical Company (Pittsburgh, PA, USA)
and Aldrich (Milwaukee, WI, USA)o A Fs}a] AL8-31Th
25% glutaraldehyde™= Sigma-Aldricholl A T80 &)
AHEE A AlFgA 1 F Qe A%k Bl B2 §H
o} AFE A3t

AM ez a7} 7158t PS/PSMA nanofiber M=

PSPSMA (12) LEAED (09 mhE A4S HAS U=
AR EEHo| U hexane £ 0.1 mhFH 412 T 3 ml
FEFAP) Yo the 8-10 KVe] A (ES30P-10W, Gamma
High Voltage Research, Ormond Beach, FL, USA)E Ao
electrospinning 31HA] 8-10cm A2 o)A nanofiberE 33t}
NanofiberS E07] 3l HAE ¢Fvlw Y& B Fui2
AREgom 29 nanofibers B4 TAIE 9 BASNh

XMooz 2|7} 758 polyaniline nanofiber &=

Aoz 87} 7F58 polyaniline nanofiber®] A2E $13)
A Aokl 918 iron oxide W QAE TEA FF A
A7}kl wh-8-& A]A polyaniline 53 A nanoparticle 5 ©]
719 Eo7H= 8l %+ nanoparticle EH) polyaniline©]
coating = Heje] Ao o3 et 7bed WAt B
nanofiber®] A2/} 75310t olg2A AZEH nanofibere 57
F2 AW o AL T 54 IASE 9 WA Ba
&a] Tt

XMooz 22|7} 7158t cellulose EHA M=

Ao g Bt 753 cellulose BAE Al=dt7] 930
diethylaminoethyl cellulose (DEAE)$} carboxymethyl cellulose
(CMC)ZE AH&-3l9ith 100 mge] AL BR3 ehAE 57
4=¢) @71 DEAES} CMCol Yol 500 pml 2 2A13F F<t
A 50 Y=Yt cellulose FHd] F1F EEIT
5 Azt &9 Jeld FAE Eeldtd cellulosed] &5
HA 42 U=dAE AAe FE] FHHALE e
AAE AAG A8 SHFE Y=YA7F YA & 9
74 g W etk Axd gAe 2 2% ¥ 5L %
& s WAl EHste] Foh

Polyaniline nanofiber (PANI) X[=

Polyaniline nanofibersZ #|Z3}7] $1514] ammonium peroxydisulfate
01% (AHEE-2)9} aniline £ (1 M HCl §)& AP e
o}, 2322k F3 wkEol 23 nanofiber’t YHEI AW nanofiber
Yol e HOGAE AAS7) slal 49 ol FFE2 Ao
Jdok AZzE AEe AHES A8 B 2aske Tk

XMooz 2|7t 7158t polyaniline nanofiber (PAMP)
H=

A4 o= 87} 7% polyaniline nanofibere] HZE $3)
A Aokt A TG iron oxide eYPAE ILEX} F§ A
27}ste] B8-S A|A polyaniline 58 Al nanoparticle %-©]
719 Eo}7h= &E] Et nanoparticle EH] polyaniline©]
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Figure 1. SEM images of (a) CMC, (b) DEAE, (c) PANI, and (d)
PAMP. The scale bars shown in the figures are 5 pm.

Korean J. Biotechnol. Bioeng., Vol. 23, No. 4

zﬁ}s}%lt} Zr A Za
Vm, Km 2 ke #t8 HEE M
FA 8% thFig. 2). & A

F2 145 5hY Afde 1AIdE A F 1 mge
AH&3H A T
200
@ Ps/PSMA ,40
O cme ’,
W DEAE ’
A\ PANI ,’ ;
50 H M PAMP Vs P
e -
Ve -
Ve 7
y -
e
// <
. s
<100 P i
- 7/ -
7
/8 s
’ s
A4
’ ~ -
50 Ve - ﬁ
v - -
/V - -
A . G
ﬁ PETA .
[V § T T T T
0 5 10 15 20 25
1/8

Figure 2. Estimation of kinetic parameters of immobilized trypsin for
the various media (Kinetic constants were obtained by using software
(Enzyme Kinetics Pro from ChemSW, Farifield, CA) that performs
nonlinear regression based on the least-square method).
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Table 1. Catalytic activity of trypsin immobilized on magnetically
separable supporting materials

Vo (mM/min) K (mM)
PS/PSMA 0.092 0.701
CMC 0.096 0.726
DEAE 0.126 0.701
PANI 0.150 0.344
PAMP 0.169 0.263
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Figure 3. Recovery of enzyme with magnets (a) suspended immobilized
enzymes (DEAE) and (b) recovered immobilized enzyme with magnets.
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Figure 4. Effect of pHon the activity of immobilized trypsin. Activity
of immobilized trypsin increased with pH increase.
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Figure 5. The stabilities of immobilized trypsin in an aqueous buffer
solution (10 mM phosphate, pH 7.9, and room temperature) on vigorous
shaking conditions (200 rpm). Following each measurement of the
catalytic activity, the sample was washed thrice in excess buffer solution
to remove both the residual substrate and product. The relative activity
was calculated from the ratio of the residual activity at each time point
to the initial activity.
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