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A Study on Immoblization of Pepsin
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Several. gnzyme immobilization methods has been compared for immobilization of pepsin.
Carboxymethyl cellulose and ydiethyllaminoethyl cellulose were activated with Hel ,apd, With ‘
NaOH, and were used for immobilization of pepsin. Sepharose- 4B was activated cyanogen
bromide, and was used for immobilization of pepsin. Porous glass beads were derivatized

with 3-aminopropyitrlethoxysilane and with succinicanhydride, and were used for immobili-
zation of pepsin.

The results abtained were summarized as follow,

1. 10mg/gr. dry bead and 15mg/gr . dry bead of pepsin were absorbed to CM- cellulose
and DEAE- cellulose, 20mg/gr. dry bead and 27 mg/gr. dry bead were coupled to CM~
cellulose and DEAE-cellulose with glutaraldehyde respectively. Enzyme yields were
22 % and 24 % of soluble pepsin.

2. 16 mg/gr. dry bead of pepsin was attached to cyanogen bromide activated. sepharose
-4B, 197g/gr. dry bead was cross linked to the activated bead with glutaraldehyde.
Immobilized enzyme activity was 23 % of soluble pepsin;

3. 40mg/gr. dry bead of pepsin was conjugated to the derivatized glass beads .
Immobilized enzyme activity was 45 % of soluble pepsin.

#® @ 7 W ol gl AHSSF B EEI £EpY 2

Sl Bas AU sl Jges gfoR

BmTR B (B BF ey BETE S Ve S BRE BRASE Aol oE iy
A RS 24 Fag BEES sl v BRE B wh RES, LEpid mfske ¥ B Raol
RowHe T SHSIZAAAE B A% = A gES doglow £Ep] BRES ETAVE
Yol FrEs|y AEs EFel ¥xzls Sl A B EREo| Hrlx s, 39l =lebde sEwol BERME
AU e FEY Zolnt BREAY S BES Aol HHERC) H1 gldl AlSHl BHREM] AT

166



gl A=, AFgahe BRY SHEEH) S mEey
ol BaEe = ByEe £EWY RES BES

T S AR BERE AREstedle delsAlY ol

Fo) Bsla g0 oli3t ST MNs]
el =2 F7bx] fuk iﬁ }_o:} 2L T, 14516)

2o el EEES AU iﬁ?ﬁj—% ol galel

EEl ZEREE “&%7] HE =y
aocoal , Kaolin, Cellulose. 5] ﬁEE—‘ ‘&A=
A e 4] 751‘54 ?si—-mi T?E?ﬁ@ﬁ—*] SefAll BEE H
BEQBES °]‘9'Eﬂ*q FTHEE %E“F—"'ﬂ 11-9-0}—53

193034l Ch-

S gEde 24 EEES R e e o B

BE B A2l 519;1\'/}"
E%%L 2 A7) =et Al =] T o, ofm) e B¢
55]01““ polypeptlde-‘&] °‘z__i/<1 BXH"}_

°]

$3 92, 2% 9RADo] BHEA] BRIE 75
HPLg ‘°ITJ— a9 3B oblAbEe B,
IATEE R BRE BETE BEHOE

FL e ALE YedAT Ygo BREOES B
Bl BLE A 2 HE) ERL T

01-7_
\%"E‘

el A& M TRA e A Bl e

© R Ao w4 mmkt Bl Aol B o
#7409 olelge @ THES AR
s gie,

AGhA EE B W Brt Selo]l Hias
7 iAlek BEmS) 1 AT WA 3T s =
o} Bt o] HHER ozt Aldshe M &
B3 gt o) Hel s B gl
ol ¥t Aog gaﬁ:&q; g,li_.i L -amiino alylase,

A
®E T ole

glucose isomerase -5 ﬁ? A ety EE
o= FEe{tEEE °]'9“7]'7] 5 54 skl £ Al
R RS BE, EI%{!: Hife] %Ee oM E o

Bl7hA o REE] dolgle o2 HEsw g
& Hgoll 4= EE{L protease B3] o)8 3]
71§13k A 27hA HEwEd BE(  protease o

P EF A EAKe] ¥ Aoz FE== EoH

B el wet §E§ S BRE HEfaen

I B BRE A= HEsle Bt

1. BESHE
O3ZHR) : Carboxymethy! cellulose sigma), Di-

BOEE

Bl s e

167

2

ethylaminoethyl cellulose ( Sigma ), Sepharose— 4 B
(Parmacia, Sweden ), forous glass beads ('Sigma)(—%
fEfstg 2, Bt pepsin (sigma) £HE 0.2M
phosphate buffer (pH 4.0 )oll #f#sH X}-Qo]-ﬁbl-
2. BEFE
7k ﬁ?’] @%ﬂ: OCellulose beads : Hornby *
% Valentova (1981) “’%—4 B‘-H,j I o]-oﬁ beads
NaOH—9—°“ L7 &Eﬁﬂ % A beads 23 22
’8]—04 IM NaOH Lo 16 nl&’r epychlorohydrm
= Bat Q"’“‘ﬂ (%ﬁow} 60 C=, 7)[11%‘}"1 2,
Al ZHg-ak JL"&?’& = %?E:@O}":] B ‘HB] DP‘] 1
M NaOH —9—°” 16 m€<>ﬂ ethylene diamine 0. 9 nzl&]» di-
amino hexane 1.5 gr- < Bt Shl F:@% e
beads & ¥l 60 CAlA 2417 B¢ AT F
1M NaOH%—OﬂE} HEAE e 2 223l o]
E A peiksts o
el beads 1.0 grofl glutaraldehide 10 %8 5
niS) BRI 20 wt(5 09 /0% B1 2Y 14 2k
uleh e FRAHE ol gaed 4°ColA 24T F
ot Eféﬁf‘l?]"“ﬁ Bt R o lﬁ%ﬂﬁ}zl °L°
= 0.02M phosphate buffer pH4 0o = 5%({&0]—9&

ﬁ‘ffﬁoﬂ *}JL@_L wﬂ?kal 0. 02M phosphate buffer (pH
_Q_o}!oﬂ

=N
=
=
=3
3m

%M o 4 %ﬁokﬁ%

o) Seﬁﬁarose 4B : Axen 2752 ¢ o4 &
#35}}  sepharose beads%,;F;M NaOH 84| I
TF EEWS suction 02 FESID BrFEA F et
2 beads 5062 epichloro hydrin 1.5 a£2} NaBH,
0.25gr & 1M NaOH&°Y 80 ntefl Z#R %ioﬂ AL
3kt 60°Col A 24 ZF F9F MR suction & AME-
tl4l 2M NaOH-&izl 0.1 M so-
dium carbonate buffer (pH 10.1)2 Fe#sigich %
#e5l beads lgr&. cyanogen bromide sol .(25mg/ 2¢) 40,
ntol] w7b pH 10,12 F9EFS sfed 23-25°CH A 208
QF ﬁf&ﬂ’/ﬂ?] = E}X] 0.1M sodium’ carbonate
o} (pHI0. 1)_0_.'3-, 5&3?{%?} f—} ] 0.02M sodmm ph-
osphate buffer 2 Al #H3}gich 4] %3 beads 1grol
0.5M phosphate buffer (pH 4.0)5 m&}» _glutaralde-
hide 10 % £ 5 ne2) pepsm Lol 20 m€(5 ng pl)S

A6l wmakel 1Y 13 /;a'—fcwx % A3
4 °Coll 4. 24 A1 7k 5ok BIERAIEA] EEARF E

5



3

T HR e BRE
4.0)02 Wials o) e BES 0.02M ph-
osphate buffer (pH 4.0 Yol 10.06 % sodium azide &
B Yool Welod (EEA A Al AR W7
RE GPS‘J o}

O &#% porous glass beads Line et al'®, Weetal 2
(1970)—4 g 5’31—0}&1 5gr9 glass beads & &
«gzm_o_i 100°CN A 1A 7HESE BT HAAE B

O}mi 100 C<>ﬂ A 24 4 7#4 %kaﬂ =, iR be-
ads o] 10%
nés- éﬂ?l}ﬂo]—_l_ pH 7 51
)ib‘%*l A% ‘o‘““’“ 4 welw

3- ammopropyltrlethoxysxlane Lol 15
551 75l 30 ¥2
&FE"] S ] °‘°1"L T

ol =
Ax

Coarse, fritted
glass disc

-
]

—— Nttrogen

Reactor ———»
{modified 50-mi:
centrifuge tube)

Luer 3-way
tefion s\opcock-—-o

Vacuum +—————, !
i J&——— Glass connector

Fig. . Sefematic of ‘the reactor system used for all
. immobilization experiments. The glass bottle
serves as a reservoir for vacuum-facili tated
rapid  collection of washes following ‘the activa-
tion step. The three-way stopeock allows
rapid. switehing between various steps, °
o} ##%% beads (amino propyl glass beads) 1gr ol
succinic arhydride 5gr &} triethylamine - (o}l &
(23) ¢ triethylamine (1)) 50 6% Fmsld A7 5
ot N,gass 2 bubbling 514 RHEAZH RO
HE AT Wea e o s RES REINY

I
B

0.02'M phosphate buffer ( pH -

e

) skl 100°CH A 244705t BRAZ

168

ok o

S siccinic anhydride 7} &l
24 A)zF EoF 100°C i
glass beads

3, HEAE RESH %
o3 7] Gl
el & %A 7 el
2gr (dry base)ol] ‘Tris-Hel buffer pH 40 100 »62
Wi EEAHe A glass beads 8] F2 Afole] gl
BEE B#EA 7T buffer < we]lx 1% polyethylen
glycol 4o} 25t glass beads = Fale} A48 &
o el &% Az Aol Wtk Aol suce-
incamidopropyl glass bead & 0.1M EDC -4 (oH
4.75)q) &b 2023 JHEAD %:0.02M phos-'
phate buffer (pH 4.0)3 %io{q{ ofth 4 A% ‘beads

< 2915 2L FRa) 2205 A48 20

succineamidoprppyl

(5 mg/mf)-& 4°Co) 4] 20 4] 7+ 0& zHi— A7) 4
A7 EetsEA e a%% “0.02M pho-

sphate buffer (pH4.0)® ﬁ*ﬁﬁﬁﬂ'—r EEft @?L
0.2M phosphate buffer o “Sodium azide  0.06 %<
B Wl S B 4ol mrmsha ok
LB B B W Y 26 4 w6l
s} zro] Taylor wl Swaisgood ¢} *Janoling & 1we] - u}
Yol e} F£3 micro circulation system$ o]-&3}
o E#f BES 100 24 % micro reactor o]
Gly - Gly-phe-phe - ethylester & 0. 04 M sodium
citrate buffer pH 4.0¢] 3mM BEZ B®gs &8

IMMOBILIZED ENZYME REACTOR

. Differential microrecirculation reactor system.
A . UV-VIS spectrophotomster :B. flow-through
cuvel : C. Teflon tubing coupling assembiy : D.
heat exchangsr : E. reactor coupler : F. two-
prong extension clamp:l. flowmeter : J. Masterflex
pump K. jack support : L. porcelain support
stand: M. cart. and N. microbore Tefion tubing.

5meg 3087 BEBRAVNEA AT A= 50
ne¥ # 5] OPA test & s}3ivh. reactor & BEE



40 CE ﬁ‘&%ﬂi’d "/P.’
t}i . :O-phthalaldehyde reagent (OPA) test : goo-

dno™s} Swaisgood 8 Church 49| kol =z} 2

HGGPPZ ¥+ AL Wit ol =Rl B ©5

37 931 D Rk 50 26 1.OM NaOH 58

+ BAs] SR 2 T4 10m4E Fsld O
PA reagent 3 nt& BAsl HBENA 287 REA
71% Fluorescence intensity & iﬁﬂfﬁ%}ﬁ o} OPA
reagent = 50 #£9] 0.1N sodium boratee 80 mge]

O-phthaldialdehyde ( Sigma Co )& 95% ethanol .2

ntol] YRk 2o, B-mercaptoethanol 200 u£, 20%

sodium dodecyl siffate $1° 5 mt& WAL KA

2 1007k S =% Frskd @Rl (= ol B

€ RfFe] o S e el Az B
R x%g-éﬁfﬁ =)
el XA 55 ulelaE Ad  ws)

Lowry ] whle] we} folin phenolr;r:f’eagent o &k

BEEEE S nmel ] RS A2 S

albumin & AH&-3fe] 3)H WALL T 2 et
2% Laps BoE EHMG

7} Carhoxymethyl Cellulose 2} Diethylamino-
ethyl cellulose 7Hd4ch S0 2 PRMfEsh EikltA
1 CM~— cellulose 2} DEAG — cellulose ?ﬂ ﬁiEEE
A JEA 7 79 EERWKC - glutaraldehyde..
& sl BREMS SfAERGS B BE
1£A] ﬂ? HRE AZ HER R T B ke
s} CM-cellulose ¢+ DEAE- cellulose 7k} 2ko]

s o pu

Aol maEeel g Aoz Jehdod 1 gE
X Jston] glutaraldehyde & HANTo. 24 pepsin
o ®EEC]) Bwd AT € F 9ok

© glutaraldehyde ¥ Haynes (1969), Chmiya % 192|135
ol Wzl 2935 2L PRE EEEME StER
e FEY g onR A BEEEY - BRERT

(Top View)
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Table 1. Activity of adsorbed pepsin on carboxymethyl cellulose

Protein protein Activity - Ratio of. activity
Preparation concentration immobilization immobilized pepsin (Imm. pep/

(mg/me) (mg/gr. dry beads) (Unit/gr. dry bead) sol'. pep )

20 85 80 23 ‘
C. M-cellulose’ 40 10, 2 95 22
60 10. 5 95 23
c. M; cellulose 20 15.5 100 g;

ghitaraldehyde 40 20.3 110

60 2L 5 115 23

Table 2 Activities of adsorbed pepsm on Dlethylammoethyl cellulose

"Protein Protein ACtivityof - ‘Ratio of activity
. Preparation:, . concentration immobilization . immobilized pepsin, - b( Imm pep/
(mg/mé) (mg/gr dry beads) (Unit/gr dry bead) ~ = “sol. pepsin )
N 20 10. 3 98 7 25
‘DEAE- cellulose 40 15 5 120 24
60 16. © 125 24,
DEAE- cellulose 20 18.5 110 24
glutaraldehyde 4.0 2. 0 180 24
v 60 28, 3
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Table 3. Activities of chemically attached pepsin on"sephardse- 4B

Protein Protein Activity of Ratio of activity
Preparation concentration immobilization immobilized pepsin (Imm. pep. /

(mg/ml) (mg/gr. dry: bead) (Unit/ gr. dry bead) Sol. pep)
» 20 10. 2 97 24
Sepharose-4 B 40 15. 7 ‘105 23
T 60 16.0 107 23
S,ep'harose—A B+ 20 15. 3 105 25
glutaraldehyde 40 19.0 110 23
60 20, 1 115 24
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_Chemical Fixation of Enzymes to Cyanogen Halide Activated Polysaccharide Curricrs
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Fig. 4. Chrmical ‘actication of polysaccharides by-means of cyanogen halides.and chemical coupliny of proleins
to cyanogen halide activated polysaccharides . '
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Fig. 5. Chemistry of the derivatization and carbodiimide

C : 3. L -mediated surtace carbozzl activation for
I- Porous glass beads  glass-beads < BER : i mmobilization of biochemicals -to the derivatized
Well 93 1417 ok B4 EHgs o3 Bm glass surface.
Table 4. Activities of chemically attached pepsin on glass beads derivates
Protein S Protein Activity of Ratio of activity
Preparation Concentration immobilization immobilized pepsin ( Imm..pep ./
(mg /nt) (mg/gr bead ) ’ (Unit /gr. bead ) Sol. pep)
20 25 160 Y
Succinylamino 40 40 210 - 45
propyl glass bead 60 45 220 43
80 47 225 45
Succinyl amino 20 27 170 45
propyl glass bead 40 40 220 45
glutaraldehyde 60 44 225 47
80 45 430 40
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