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Abstract

The Effect of protease (subtilisin Carlsberg) on the temoval of hemoglobin as protein soil
was studied. The hydrolysis characteristics of subtilisin Carlsberg was examined by
electrophoretic techniques. The fragmentation patterns of hemoglobin were analyzed by
SDS-PAGE. The hydrolysis efficiency was evaluated by analysis of protein bands shown on
gels before and after hydrolysis by using densitometer.

1. The hydrolysis of hemoglobin by subtilisin Carlsherg was increased markedly with the
increase of the enzyme concentration.

2. The hydrolysis of hemoglobin by subtilisin Carlsberg was effectively increased in
proportion to increasing of the hemoglobin concentration up to a certain point, but it began
to decrease above the point.

3. The hydrolysis of hemoglobin by subtilisin Carlsberg followed the first order kinetics,
yielding a rate constant of 4.05x10S7,

4. The hydrolysis of hemoglobin by subtilisin Carlsberg was highest at 50°C and was
decreased markedly at 80C,

5. The hydrolysis of hemoglobin was comparatively low at pH 7.0~8.0, and highest at pH
11.0.
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Fig. 1. Hydrolysis of the oxidized insulin B chain by subtilisin Carlsberg.
Solid and broken arrows represent the primary and secondary hydrolysis, respectively.
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Fig. 2. Possible mechanism of the formation (8), and the hydrolysis (b) of the acyl enzyme in the catalysis by serine
proteases; X represents the leaving group. From Polgir and Bender.
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#Mstn, BiEo=z AAE g8 FEK oels:
JKEE®R (60 - 30 - 10, V/V) ol Rawo= fpEstyich
Rt GRS 4-FR FEWEY BiA 29 E
B el ol BhiEigich

— 552 —



Vol. 20. No. 3, (1996)

3. Subtilisin Carlsberg o 2|3t BHES| KD
J;

sl BE, pH(pHE 0.2M 43 E &34
0.04 M SKESEE, 0.04M #EE, 0.04M BERe] BAER
2.2 P} ), subtilisin Carlsberg iRpE, B %
& BrES B MEfe] 9SS g dlrge B
% 667 1 5 #3}e] 1.5ml] microtube qlof] ¥
Fdfsted, cpm 40419 {EE AEMl ¥ &Y
BEf Eok pukarmgEtgicl ka#sl £TH HES
2 S-S B BEEE-S 333 4 ¥ 100T o4t 3
S #EAE o2, BiRe 2 Agn 10-20 pl 4 et
of B kEh Bkl RS

SDS-PAGE & I1-2 % 22 whoz ®Eshalor
sy Aol 1}e}yt protein band &) #-2 densitometer
(Helena Lab g, Quick Scan) 2 f#F3}e) 525nm
oM Ewmsha, o5 el 93le] kRS B
Eig- o

ks (%) = (1~ ) X100

o37]4 Po : fuksr g #iel

band & &

Ph: kst ol
band ¢] &

velyt #3  protein

viebd 33 protein

I, #R % B
1. EpHEe o7&

M BEAYEZ AT A =F28 3 protease & fF
A%} subtilisin Carlsberg 8] 488 AIES #HES
Fig. 3, 4 % Table 13} ¢}, Fig. 3-(b) = slng e
W& R A Fig 3-(a) 9 9F& Eieygat
8% = protein band = M.W. 16,300 ¢l 4] 52 1}
ehda, MW. 28,0004 -8 velytch, Densito-
gram-2 Fig. 40 vjepd 23} 22w o] AL g
MR MW, 16,300¢] # 91%% A& MW,
28,000 o) v}l 482 protein band £ Ayl A
2R #EEdck HEFRHE golA fEmstEEe] 4
fae] JBfrfe (228) = HEL=lo] 3w, SDS 9 8
-2 EoRRgel 2)sled A JHfAfEE Ao
2% K Whel #HAY SEIEAe SFE H

155
66,000 — E
45,000 wmw
-
29,000 — e — iy -
L
14,200— »

(a) (b) (c) (d)

Fig. 3. Separation of (a) M.W. standards (b) hemo-
golobin, (c) denatured hemoglobin, (d) subtilisin
Carlsherg by SDS-PAGE.
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Fig. 4. Densitometric analysis of Coomassie blue
stained protein bands shown in Fig. 3-(b).

Table 1. Molecular weight of proteins.

Protein ‘ Molecular Weight
Hemoglobin ] 65.200
Subtilisin
500
Carlsherg J 4

65,200 2.2 E=gic)

— 553 —



156

Fig. 3-(c)& sl 2 g2W& ARER 3090 Mg
Btod B4R A7) ZA<1¥) protein band = (b) 9} 2-& {i
ol vpehuict, wheld @ HEFedle] 4FRS &
B degzdle] 4TEN Aoy B & Uk KK
R Qe drFle TR o2 ™Y 3
W]}k Ao},

Fig. 3-(d)+ subtilisin Calsberg 3 4#Eq 2 alv)
M.W. 27,500 2.2 #iislglon], sedimentationihre
2 P 2H(27,400) 2 v s8]},

2. Subtilisin Carlsherg @] B8

BF subtilisin Carlsberg 9] g7} 31222419
kGl v A= S obir) 93te, X
M-S 0-200 pg/ml 2 3174 KERD #5R= Fig.
59 Aoy FE= dnTey B stk BB
F—38 2712 317] $3led, oF#s] pHE 952
sl BEEE 40CelA 304 hnkagsisich o))
slegaule e —wstA st

Fig. 55 =71 B MEsl #mdssE deds
e kSRS ZA wobalvh EEke mEr)

100

80

Hydroysis(%)
[=1]
(=)

Iy
=

20

1 1 1 |
50 100 150 200
Subtilisin Carlsberg conc. (ug/ml)

Fig. 5. Effect of subtilisin Carlsberg concentration on
the hydrolysis of hemoglobin.

Conditions: Hemoglobin conc. 40 pmol/l
Temperature 40+0.1°C
pH 9.5
Time 30 min.
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Fig. 6. Effect of hemoglobin concentration of the
hydrolysis of hemoglobin.
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Fig. 7. Lineweaver-Burk plot of the hydrolysis of
hemoglobin by subtilisin Carlsberg.

Conditions: Enzyme conc. 30 ug/!
Temperature 40+0.1C
pH 9.5
Time 30 min.
k ks
E+S""L*’._k_’ E§S——E+P 1 -
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Vo 8]
V= Ve TR

Michaelis-Menten eq. (2)
_kotks
Tk (3
Vmu:ka([Et]g ka=Keat (4)

Kn

E ! enzyme
5 ! substrate
ES ! enzyme-substrate complex
k; : ko, k3 ; catalytic rate coﬁstants
P product
K I Michaelis constant
Vmas . maximal initial velocity
[E.] : total enz yme concentration
Keat © turnover number
Keot & Vimex+ Lineweaver-Burk reciprocal plot
(53) ol 28} 22 Fig. 7 258 i sisich
TV ST Vs ®
77k A" 32 Table 20 Jehygich

Table 2. Kinetic parameters for the hydrolysis of
hemoglobin by subtilisin Carlsberg.

Km Vmax kcat kcat/Km
(mol) (mol-s™) (s™ (s mol™
1.70x10™" | 1.32x107°* | 1.32x107' | 7.76x10°

o] @} [E.]+ Alcalase 8} BAK TR(13.8%) 2.8
B FEgich (RMERRE 1.00X107" mol// #A)

o4lA Q) protease 2] X4T4e] N-benzoylarginine
ethyl ester (BAEE) & ffA2lg-& Bl subtilisin
Carlsberg &) K& 7.51+1mM 2 ##d A™3 K
By Ko ¥ 1/440 ©) 22 subtilisin Carlsberg £]
gl eF2ulel HE HHL NS & A2z vl
%% o7} oligopetide o &4 Km-2 2F 10~50
mM o] 92 A&Eglozz oo ez Hlu
E24lol| g} subtilisin Carlsberg & ##05¢] ¥4
o & AL o 4 glch Subtilisin Carlsberg &) &
I Bimel slelA acylation LML o % $GEEER o]
Fojx 7] wjFo (1) R o)A deacylation rate
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Fig. 8. Effect of reaction time on the hydrolysis of
hemoglobin by subtilisin Carlsberg.

Conditions: Hemoglobin cone. 40 pmol/l
Enzyme conc. 30 ug/ml
pH 9.5
Temperature 40£0.1C
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Fig. 9. Reaction kinetics of the hydrolysis of hemoglo-
bin by subtilisin Carlsberg.

Conditions: Hemoglobin conc. 40 umol/!
Enzyme conc. 30 ug/ml
pH 9.5
Temperature 40+0.1C
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t: time
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Fig. 10. Effect of temperatufe on the hydrolysis of
hemoglobin by subtilisin Carlsberg.

Conditions: Hemoglobin conc. 40 gmol/l
Enzyme conc. 30 ng/mi
pH 9.5
Time 30 min.
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Fig. 11. Effect of pH on the hydrolysis of hemoglobin
by subtilisin Carlsberg.

Conditions: Hemoglobin conc. 40 gmol/!
Enzyme conc. 30 pg/mi
Temperature 40x0.1C
Time 30 min.

' Bgho)c}. S, subtilisin Carlsberg?] £ pHql
7.0~10.59] #EIAT EHEE 2R} ey Ao
=, pH 11.0 Ll boll Mt fEiEE st ETE»
AR 2o, P ATyl FEe)
e 2wl WA ebglem date) el A ke
B Sl2e 29 e A4 Jehydth o)AL d=m
24 BE e fEe] 22 Ao r Q)

IV. # i

Protease (subtilisin Carlsberg) 7} m# ZBHE &
9 Brkel wl A& ¥ £857] 43l subtilisin
Carlsbergel] 214} d|=E2ule] hkaoEaRe Aol
A 1kige = WA mEtsigich  Subtilisin Carlsberg
of 9% sl=gFznle] koM SDS-PAGEE:.)
o3 SFslen, densitometers FH3 ks
% mrfke] A(gel) Lol el protein band¥ E&
o2 FMEE et

K&t RV b} 28 fHE 29k

1, Subtilisin Carlsberg?] i#fEz} #EME4E2 ki

— 557 —



160

#REES] ) =mE ] kR B FokA
A B BEErt AT 588 AEkard MEIE
wlo] fuka i = Ak

2. Subtilisin Carlsbergol 23l #l=Z=24l9] Ik
SRES KEHE P sEEFEY BEST #mdsS
Eolx|t7} o] = A Lile) H ks E AR
Zave g2 ohd masdch

3. Subtilisin Carlsberg} & =2 2414 ks s}
= REEE 1k REEez velygten W HM=
4.05%107%81 2 i Egich

4, Subtilisin Carlsberge] o3 sl=Z 2l huk
SRS AR BV ToR 45 AR SHA e
o] 50ColA b4 A Yelgter 80T iRl
2A ETFHA

5. Subtilisin Carlsbergel] @18 =22yl ok
SRS AR pHAY 7.0~8.0 MRl = vaH
wrokew 11.0 Bkl 713 Zak+h

2 £ X K

1) ZRa, LEE, BAK 9% BL el WA=
Bl RS FE B Bite PooR, REX
AEMLEEE, 17(3), 491-505 (1993).

2) Boyer P.D., The Enzymes, vol. 3. Hydrolysis:
Peptide Bonds, Academic Press, 584-596 (1971).

3) FRIRMLAS, MR—H, X Handbook, HKEN,
551-552 (1982).

4) Johansen, JT., Ottesen M. Svendsen, I and
Wybrandt, G., Compt. Rend. Trav. Lab. Carlsberg,
36, 365 (1968).

5) Anfinsen, C.B., Anson, ML, Edsall, J.T., and
Richards, F.M., Advances in Protein Chemistry, vol.
20, Academic Press, 80-82 (1965).

6) Polgar L. and Bender, M.L,, The Nature of Gen-
eral Base-General Acid Catalysis in Serine
proteases, Proc. Natl. Acad. Sci. U.S. 64, 1335-1342
(1969).

7) B %, EE RETF, RlOEE, T A BRENOWE
SN IHER(ESH), WRERAOKRBIC OV
T, #iHEE 11(5), 263-273 (1970).

8) #)I %, EEH ®WTF, Bl FE, A BRENDY
ST AR (BEE), BERFCBITI2ERAF
v DRI, BWIHE, 1105), 274-279 (1970).

9) Bt BT, w) %, IBEZABKENO WIFCHWT 2

LEATEcE R e

(R, 7uT TN BRI o EE
IS RIT T R, HRIERE, 26(3), 123-129
(1985).

10) B BB, 8 3%, M7z A BEHRLO RFGICHT 5
WoE(BMR), 7e T T—tn pH L FICRER
PRI RITT R, MUERS, 26(11), 479-484
(1985).

1) Ff BT, &) %, M ABERNLO RGcMT2
e (BRI, BiEA QEBLOBRECDOWT,
ek, 27(10), 449-455 (1986).

12) B BT, B %, M2 ABEBLO RSICHT S
W (B, REEMRTFETICEITS, 7u77
—¥o FEHEOTEEFOAEBEGNORIFEIICR
TR, RIS, 28(3), 116-122 (1987).

13) Br FEF, B)1 %, mAERA BHEENRO RT3
R (L8, A4 REEER - FF4 4 REis
MWW - T T TR RFICBETE, WKRCABHEP
NOBE, #EIESE, 28(7), 284-291 (1987).

14) Kame, M. Koda H. Kato A. and Koma, T,
Detergency and Mechanism of Soil Removal in
detergent-Enzyme System, J. Am. Oil Chem. Soc., 50
(11), 464-469 (1973).

15) )| %, EE XFT, BT #F, B B®E, A8
BENOKRPICMT IFRERLR), FlArv4E
LA O PIFIc-OwT, MIFTE, 13(12), 519-529 (1972).

16) &)l %, M RET, Br BF, Bl 32, B+ 2
XTI LABKENORFICMT IFRGEH), 58
B7TV7 2 BRAORFITONT, MHEE 1002),
66-74 (1969).

17) 81 %, P BET, EME RWF, Bl XE, A8
BENORBICNT 2WHR(BAR), I F 58T
DBz 2T, ML, 15(1), 15-21 (1974).

18) g BT, ¥ -, dbe EF, B %, &)~
¥l Lk BT AREBAR), TuTT-¥-
) =SB BITT A BRFBENLOREME, W
&, 29(4), 155-161 (1988).

19) e EF, FMRIR, &) %, BRKPOBERERFC

C MTAARES®), BERCETFEITeFT-UiE
W AIELS U T F o+ M AT O BRI 1T T,
MR, 30(7), 317-323 (1989).

20) )l %, FE& BF, TAOKBNAOKRSCWTHH
R(FLH), XKBECHBETIREARBHLIZON
T, #iHE, 19(3), 106-115 (1978).

21) ) %, A ®F, 0 28T, LABKFLOK
BT 2R (EAR), FEMBERAICAET IR
EARBBLORBITOWT, MR, 19, 420-430
(1978).

22) Mz 8T, &) %, RABKELOKFCMTLIH

— 558 —



Vol. 20. No. 3, (1996)

7, BREMETICHA T B REARBHENOIKFHR
Biz0nT, BKiHEE, 26(2), 511-521 (1985).

23) MA #F, BN B, LABEENOKRRICWTLH
x, BRILPICET 2RRMERAOBECOWT, #H
T, 28(4), 167-172 (1987).

24) WA %y, W%, LAREGEERCLIREE
T BE, RPHORMAA P RE AR GRS
DY LI RBII B LIZTERICONT, il
3%, 28(12), 522-530 (1987).

25) Bunn, H. Franklin, Forget, Bernard G., Ranney

by

Helen M., Hemoglobinopathies, Major Problems in
Internal Medicine, W.B. Saunders Company, vol.
12., 1-10 (1977).

26) KB=—0, FMOUAS, FAKLE, 2, Hr BNk
i, 571 (1954).

27) Novo Analytical Method: Manual Procedure for
Determination of Proteolytic Activity in Enzyme
Preparations and Detergents (1984).

28) Laemmli, UK. Cleavage of Structural Proteins

161

during the Assembly of the Head of Bacteriophage
T4, Nature, 227, 680-685 (1970).

29) Dean, J.A., Langer's Handbook of Chemistry,
McGraw-Hill Book Company, 5-104 (1985).

30) Hames B.D., Rickwood D., Gel Electrophoresis of
Proteins, A Practical Approach, IRL Press, 1-60
(1981).

31) Boyer, P.D., op. cit., 567-584.

32) Stryer, L., Biochemistry, 3rd ed., W.H.Freeman and
Company, 187-191 (1988).

33) Kim D.U. and Choi M.U,, Irreversible Thermoinac-
tivation Mechanisms of Subtilisin Carlsberg, Bull.
Korean Chem. Soc., 10(6), 600-604 (1989).

34) Karasaki, Y. and Ohno M., Interactions of BPN’
and Carlsberg Subtilisin with Peptides containing
Aromatic Amino Acids at the C-Terminus, Specific
Rate Enhancement due to the Secondary Enzyme-
Substrate Interaction, J. Biochem. 86, 563~567 (1979).

35) Novo Information, B259b-GB 2000 (1984).

— 5589 —



