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Study on the Enhancement of Protease Activity by

Laundry Detergent Components

Haruko ONOZAWA and Kumiko SHIMOMURA

In the presence of 15 detergent components, the activities of alkali proteases in pure and
product forms have been studied. It was found that components such as Na,SO, and sodium
dodecyl-benzensulfonate reduce the activity, while nonionic surfactants and oxidation bleach-
ing agents enhance the activity sizably. The kinetic mechanism of the enhancement by
nonionic surfactants is discussed in terms of the decreased dissociation constants between the
enzyme/micelle complex and substrate, casein.

The enhancement of the activities of alkali proteases by oxidation bleaching agents, name-
ly sodium perborate, sodium percarbonate and hydrogen peroxide has been studied by the
modified casein - Folin method and gel permeation chromatography(GPC). It was found that
casein is degraded by the oxidizing agents to fragments with ca.10,000 dalton, which are
hydrolysed to smaller fragments by the enzyme, faster than casein itself.

These investigations suggest importance of investigating the enzyme activities under the

practical conditions they are used.
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Table 1. Composition of Soap and Detergents in the World (%)
Heavy-duty detergents(powder)  |Heavyduty) Lightduty | o
detergents | detergents
Japan | Canada | Europe | Arab | (Liquid) | (Liquiay | (Fowder
Surfactants 18-27% 8-20% 8-18% | 18-25% | 15-50% | 15-37% | 55-75%
Foam grow or Foam inhibitors  |0.5- 2 0-2 0-5 — 0- 14 0-5 -
Stabilizer 0-17 30-60 30-70 20-30 0-30 - -
Alkali builders 10-20 5-50 5-15 4-22 - - 20-40
Optical brighteners 0.1-0.75 {0.1-0.7 [0.1-0.75 [0.1-0.5 0-0.5 0-0.3 0-0.5
Bleaching agent 0- 5 - 15-30 — - - -
Enzymes 0-0.75 - 0-0.75 - 0- 1 - -
Moisture content 6-12 6-20 4-20 6-10 Balance | Balance | 5-15
Sodium sulfate Balance | Balance | Balance | Balance - - -
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Table 2. Trend in Developement of Detergent with Enzymes

1913 « O.Rohm{(Germany):apply for a first patent of detergent with enzyme

extracated from animal pancreas)

(application to laundry of clothes a mixture of several enzymes

1930 * Rohm & Haas Co. :put on market a clothing pre-detergent, “Burnus”.

1960 « Alkali-persistent protease was found in Bacillus origin proteases in Denmark.

1963 « Several detergents with enzyme are marketed in Europe ;

Bio 40 (Schnieder Co.(Swiss))

Luvil  (Unileve Co. (Holland))

Biotex (Kortoman & Schlte Co.(Holland))

Ariel (Procter & Gamble Co. (Germarny & Italy))
Henk-O-Mat (Henkel Co.(Germarny))

.

A paper about safety on detergent of enzyme was published in a

1969 . .

medical journal of England.
1976 + Safety of enzyme in detergent was confirmed at an international conference.
1979 + “Top” (detergent added with new granular type of alkali protease)was

marketed by Lion Co. (Japan)

1980 « Detergents with enzyme were marketed by Kao Co. (Japan) and Procter & Gamble

~82 F.E, 1(Japan)

1987 - “Attack” (detergent added with cellulase) was marketed by Kao Co.(Japan)

1988 « “Hi-Top”(detergent added with alkali lipase) was marketed by Lion Co. (Japan)
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Fig. 1. Example of a subunit model for the

structure of the casein micelle

Vol.1 (1991)

X LowryiBIZH#E U THIE L 72 EipHI340°C T, 3 M
DOIEEH (L—Lv >y, 75—V VTR, T &+
AR=280F 4 ) RTRDIH, UTOERTIEE—L
v UEBRER R RV, 40°C, pH10.5THT - 12 BEFIRLST
WEEEW OpH 2 /B3 2 a0, REEEANIEE OB
BIREO 45, ZOMORRZI0E 5 & 5 IiEEL
TNZ 720 LATT DEER T I3 RICHRF S K % B LT
ZRHDOCOUZ L DpHAME TN L TH10.0& DA X #p
WIED 5 Z EVHREEERROILOCEETH - 2.

(2) SEBRFESH

Fig. 2171340°C, 404> TOISHEDOUHIK S OBEH 1,
I, MOWEHIT 2282 WML 2GS OEM I
TERTRLIZODTH %, (P OERSTOg/EUIL, H
BN e B S ONIGROBERTRLTwd, 0
RN, LFL Y7 3 VB ~ U v A(EDTA)
ZERT, BRI OFIFITEN 2 T 5 a7z
TARTCOBERICOWT TN 28T, EHEMCBELCTH
L EMBbhrol,
ZDEIBMREFLIA T &, B4 R RE
EHRORFFyr_v ¥ ANs B YA (DB
S), FTYILEES Y YLA(SDS), a—FVv 74>
ANWER S M)A (AOS) IIBREES A E K
TEE, A A CHEAEERIOT LV EFLRYI A F Y T F
vorx—7NV(APE), PAVFARIAFLZFL VT
r=—x—7 (PHE) QiEEE0RMMmaw:
ENVS DT A BEF MY 7 A (Na,Sios), KREF MY
% 4 (Na,COy)y, #NVERFT A FNENrT—R (CMC)
WREFEREEZIZ LA ECEM SIS T, FH®HA
(DMDSAC), i+ +Y v (Na,S0,), =hV ok
DEERE (N T A), #06RI (Tinopal), ¥4 74 b g
EPPET a8, @R 7E> b Y 7 A (NaBO,) 3iEH

Table 3. Properties of enzyme samples
Sample No.
I 11 11 v
Name Alcatase 2.0T Proleser Kazusase Nagarse

Bactllus produced
Form Granular
Activity (pU/g) 12.2X10*
Protein content (wt%) 13.8
10.0—10.7
Optimum temperature(°C) 50

Optimum pH

Manufacturer Novo

Bacillus licheniformis  Bacillus sp.

Amano

Bacillus sp. Bacillus sp.

Powder Granular Powder

8.9 X10* 12.2 X10* 87.5X10*

12.2 13.5 (100)

10.0—10.5 10.0—10.5 (10.3—10.8)
40

Showa Denko Serva

Parenthesized values are those given by the manufacturer.
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Fig. 2. Effects of 15 components in detergent on
the relative activity of enzymes at 40°C,
pH 10.5. The values were estimated for
the reaction mixtures kept at 40°C for 40

min.

2. A A CHEERRIC X 5 70 7 7 — ¥ Ok g
WD |5

1.(2) Tih_F-& 5z, A4 CFRmEmEERIE 7o 7
TRk b EA L DOIKGEREENS /., Ih
S DHA F P FREEERIN 0T 7 — Y OEN S B X
LIRS N TR WO T, Table 3 DO
I, WA THEA > OFEANAKSREE OB S
B EUIEA 4 FERE ARSI 3 2 KGF 2 8~ TR
JEHANCET 5 2 &£ 2Tz,

R L 7-9F A4 A » FimiEtEfl iz Table 4 © 6 T H
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Table 4. Properties of nonionic surfactant samples

APE

PHE

Surfactant sample

Cu(EO)h  CulEO)  Cw(EOhs CoplEOly  Cod(EO)y Cop(EO)s

General chemical structure RO(CH.CH.0), H

Molecular weight 550 494
HLB 11.0 12.5
cme (g/)) 0.006 0.035

R%<::>%O(CPLC}L(»nH

903 661 647 881
14.5 13.0 13.5 15.0
0.024 0.030 0.138 0.073
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Fig. 3.

Enzymic hydrolysis of substrate in the presence of C,,EQ; at 25°C, pH 10.5.

Enzyme sample Il concentration 3.3mg/! and IV: 0.5mg/l.
Substrate concentration: (0100mg/1, 0130mg/1, ©200mg/1, @300mg/1
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Fig. 4. Plots of enzymic hydrolysis at 25°C,
pH10.5 against time as primary reaction
process.

Enzyme sample IV. concentration: 0.5mg/1.

Substrate concentration: , A, ¥, [J100mg/l;

D, A, vV, [1J130mg,1; ©., A, ¥, H200mg/1;

® A Vv E300mg/l

C.(EQ); concentration O, D, ©, @0g/1; &, A, A,

A03g/l, 7, v, 7, w05g/1; L], (1], H, l1.0g/1.

<
(=]

1/v, (min/mg)

i 1 1.
0 3.3 5.0 7.7 10.0
1/S0 (1/mg)

Fig. 6. Lineweaver-Burk plots of the initial
hydrolysis rate for the systems contain-
ing enzyme sample IV and C,,(EQ),.

C12(EO); concentration: @0g/1, O0.1g/]1, @0.2g/1,

A03g/l, ¥0.5¢/1, W1.0g/1.

30 =7

vy (min/mg)

P . .
0 100 130 200 300
So (1/mg)

Fig. 5. Effect of substrate concentration on the
initial hydrolysis rate of enzyme sample
IV in the presence of C,,(EO),.

Enzyme sample concentration 0.5mg/1.

C.(EO), concentration: @0g/1, O0.1g/], @0.2g/1,

A03g/1, ¥05g/1, M1.0g/1.

1/ve (min/mg)

1 1 1
0 3.3 5.0 7.7 106.0

1/8,(1/mg)

Fig. 7. Lineweaver-Burk plots of the initial
hydrolysis rate for the systems contain-
ing enzyme sample IV and C,,(EO)..

Ci(EO), concentration: @0g/1, 00.1g/1, @0.2g/1

A0.3g/1, ¥0.5g/1, W1.0g/1.

)
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Fig. 8. Surface tension of the systems

containing substrate and C;,(EO);.
Substrate concentration: A0mg/1, (O100mg/1, O
130mg/1, &200mg/!, @300mg/1.
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Fig. 9. Surface tension of the systems

containing substrate and C,s(EO),.
Substrate concentration: A0mg/1, O100mg/1,
©200mg/1, @300mg/1.
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Fig. 10. Enzymatic liberation of g-naphthyl-

amine from the model substrate in the

presence of C,,(EO), at 40°C, pH 10.5.
Enzyme sample IV concentration: 0.2mg/1,
Substrate(Glutaryl-Gly-Gly-Phe-8Na) concentra-
tion: 0.375mM. C,,(EO), concentration: O0g/1,
A0.01g/1, 70.03g/1, £10.07g/1, O0.1g/1,
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Fig. 12. Plots to estimate the kinetic parameters

of enzyme/nonionic surfactant systems.

------ enzyme sample III, enzyme sample IV.
Enzyme sample concentration: Ill; 3.3mg/1, IV:
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Fig. 11. Plots to estimate the kinetic parameters
of enzyme/nonionic surfactant systems.

------ enzyme sample IlI, ——enzyme sample IV.

Enzyme sample concentration: IIf:; 3.3mg/1,

IV; 0~5mg/]~ OC,..(E0),, AC (EO),, WC,(EO),;.
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DHFEESNVABZOY N5 74— (GPC) 10k D
BT Az kD, BREBAROY LA v
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fEA L 7-EBERIIATTE 2 L [FEk, Table 3 OFEFRI, IV
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EREE) 0 3@EEHW, EEA YA ~10g/1, BRE
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EWIEKEBREWTTH LA > ORI R 2T OFIE
TR D7z,

Table 5. Kinetic parameters for enzyme/nonionic surfactant systems

Enzyme sample il v

Nonionic surfactant ~ C15(EO), C1(E0), Cis(EO)ss Ci(EO), C1(EO), C16(EO)1s
Vimax (mg/min) 25+2 24+3 24+3 29+2 25+2 25+2
K,(mg/) 200£20 22030 220£30 230£10 200 £20 200+20
Ka(mmol/1) (3.1 (3.8) 2.1 3.7 (4.2)
a (0.04) (0.05) 0.10 0.07 (0.05)
Nonionic surfactant Ced(EO)1e  Cep(EQ)1e  Cop(EQ)1s  Cod(E0)yy  Cep(EQ)y  Cogp(EO)ys
Vmez (mg/min) 20£2 24+3 252 29+2 2512 29+2
K,(mg/1) 220120 220£30 220£20 230+10 20020 23010
Ka(mmol/1) (9.8) 11.3 1.5 (8.9) 9.8

a (0.02) 0.03 (0.06) 0.12 (0.05) 0.02
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Parenthesized values and those estimated on the the two experimental points obtained
at relatively high surfactant concentrations.
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Fig. 13. Plots of slopes of 275nm and 660nm
absorption for enzymic hydrolysis casein
at 40°C, pH 105

Enzyme sample concentration: OSQ0e@P@® I

50mg/l, AA L&A [Vomg/l. Substrate concentra-

tion: 10g/1. Oxidizing agent concentration: (A

0m mol, ZA; 3m mol, DA; 5m mol, @4&; 10m

mol, JA; 20m mol, @A; 30m mol.
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Fig. 14. Effects of oxidizing agent on the en-
zymic hydrolysis at 30°C and 40°C pH 10.
5.(E+0/30min+S)

Il concentration: 300mg/l,

Enzyme sample
[V concentration: 30mg/l. Substrate concen-
tration: 10g/1.
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Fig. 15. Effects of oxidizing agents on the en-
zymic hydrolysis at 40°C, pH 10.5(E+S/
5min+0)

Enzyme sample Il concentration: 50mg/1 and IV

concentration: 50mg/]

Substrate concentration: 10g/l. Oxidizing agent

concentration: OA; 0m mol, DA; 5m mol, PA;

20m mol.
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Fig. 16. Effects of oxidizing agents on the en-
zymic hydrolysis at 40°C, pH 10.5.(S+0/
30min+E)
Enzyme sample Il concentration: 50mg/l and IV
concentration 5mg/l. Substrate concentration:
10g/1. Oxidizing agent concentration: OA; Om
mol, ©A; 3m mol, OA; 5m mol, @4&: 10m mol,
DA ; 20m mol, @A; 30m mol.
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Fig. 17. Effects of contact sequences of enzyme
peroxide with casein on the relative
activity of enzyme at 40°C, pH 10.5.

Il concentration: 50mg/1 and
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Fig. 18. Differences in the enzymic hydrolysis of
casein and «, £ and x casein at 40°C, pH
10.5.

O: casein, A: acasein, [ I: Bcasein, O: xcasein

Enzyme sample III concentration: 25mg/] and IV

concentration: 2.5mg/1, Substrate concentration:

5g/1.
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Fig. 20. Comparison of gel permeation chromato-
grams of casein degraded with sodium
percarbonate+Enzyme IV at 40°C, pH
10.5.

Enzyme sample concentration: 2.5mg/l. Casein

concentration: 5g/l. Sodium percarbonate con-

centration: —0m mol, ------ 10m mol.
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Fig. 21. Variations with time of the amounts of

0

nondegraded and degraded casin as ob-
served with GPC.

Enzyme sample IV concentration: 2.5mg/1. Casein

concentration: 5g/l.

(O: Area of the peak observed at about 10min on
GPC for casein degraded with enzyme. The
area stands for the amount of nondegraded
casein.

@®: The same for casein degraded with sodium
percarbonate and enzyme. The area stands
for the same as above.

A: Total area of the peaks observed at 15 min
and after on GPC for casein degraded with
enzyme. The area stands for the total
amount of degraded casein.

A: The same for casein degraded with sodium
percarbonate and enzyme. The area stands

for the same as above.
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