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! °f AAJIALY 7R HNEE ol fiss Hude] FAH 2o Y& A 2EY, A
2, R H2EA-A2HAE XE Fol &4 RE=- AT $HHMG. RS Zuj2
AL-§- 3t PNPL& 7beEs AW pH 7.4090 M 219 EgA4& I'?CzAlaCuﬂ} B} 3 3} I:ICQHiSCIE- N
CHisCi,. NCHisCysC, €22 dAY £718 JEUD 2 olf & NCHisC,x olvti37], I:ICszsCm
€ §g7] ¥y, 71g FL& ZuEL&S Yl e P‘qCQHiSCYSCm‘% ojm}Eve E| &7 FHAE
fEott. ZFEANES F30 e D= AR ojutEr|¢t E]LIEY YENL UrE]r‘-H
e #elds. pKae 22 6.49, 10.50 o1, 7]571dl % =4S, ke FI 7.91X107%S,
X107 telgict, st A Edv] A FojEde HAUESZHY d2HZ gAY '%P*
77t FtgdmE FASRE 7)FUe FHEAel mAde] Aed REH NP BEZS o3
Ax F71E& 4ot

ABSTRACT. In order to obtain a clue in understanding enzymatic hydrolysis in which the His-Cys
moeities of papain protease is involved, we prepared cationic peptide-sufractants bearing histidy), cystei-
nyl, and both histydyl and cysteinyl residues. Their&catalyﬁc efficiency toward the hydrolysis of PNPL
were investigated in comicellar phases formed with NC.CysCe, I:'ICzHiSCm NC:HisCysC,; increased ma-
rkedly in the same order compared with ‘that of NC.AlaCi.. The markedly increased catalytic effects
are attributed to the i'n"lidazele groups of NC,HisC,; and the thiol groups of l;iCszsC.z. and the large
catalytic efficiency of NC,HisCysCy: is considered due to the interaction of the imidazole and the thiol
groups, In order to in vestigate catalytic activities. rate constants for the functional groups, ka and di-
ssociation constants, pKa have been determined. The results showed that k.and pKa of the imidazole
groups were 7.91X10 *S ' and 6.49. and those of the thiol groups were 600X10 ‘S 'and 10.50. The
catalytic effects of comicellar systems on the hydrolysis of p-nitrophenyl esters has increased according
to the increasing size of the akyl carbon number. Therefore, the catalytic effects have been increa-
sing by the interaction of micellar hydrophobic parts and substrates as well as action of the functional
groups.
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Zke Aok, oY # ANBAAE APHo=
FoAE AT YA 2L 5 AE R 9
o A%, Ad34Y 2 93890 da o)
SEH. HIH TR HARLE TYAR
AgA-Fojel  g¢  AFEHRE AFe
Overberger5°l 43l9 ARy on?, o @
TFAEL 7I4EH £29 JIREJYNE muts
o 3B, 4, @ ojrR=EREL B¢
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Hle 2wsie 4d, AAEY, A2HQ,
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28l AH&E 7171 Pye Unicam SP 8-400
W/ﬁsible spectrophotometer, Varian EM-360A
NMR spectrometer, JASCO IRA-1 spectrophoto-
meter, PERKIN ELMER PE 240A 94847,
% IMB-PCHHFEH S Al &3rh,

3 2EY, A2dHY 3 gahd $& Flukart
AF, olvlee) ojur)E BRI 9F 2
= (t-butoxycarbonyl  thio) -4, 6 -dimethylpyrimi-
dine2 TCIA} MEE ALSsin, Hejyesm
- Hd d2dEge ARUEZHEY YBF o}

4 g=2dd=2 ¢4 o] ¥y dwyn
SEHo2 FARATL, NCAlaCy N*CHisCp
R NCGC.C® MurakamiZ el 49Uz %
ALSHA] YA sl o), 6o

N-Dodecyl-N"-(3-{trimethylamm?nio)-pro-
pionyl}-L-histidinamide Bromide, NC:HisC,..
ERE2XF-US20Bo2REY AZAHY
247138 J9Y. 53 125—130C. IR(KBr)
: 3360(NH, str), 2980, 2900(CH, str.), 1670, 15
6XC=0, str). NMR(chloroform-d,); 0. 903H, t,
CHx(CHz)o-), 1.30(20H, S, CHi(CHzho+), 2. 40(2H,
broad, -CH:CO-), 2.85-3.35(17H, broad, -CO-
NHCH:", NCH,~, (CH3}:NCH,-, CH,Im), 4.50(H,
m, -CHCO-), 7.28, 8 32(2H, s, -Im), €484 :
A4k, CuHeBrNsO,, C:53.93 H:7.78, N:
16.45, ol &3k, C:53.89, H:7.75 N:16.44,

N-Dodeeyl-N°-(3-{trimethylammonio)-pro-
pionyl)}L-cysteinamide Bromide, NC;CysCis.
ot HE-HF dEz=eoz ARYHY
HAFNEE WYY, HE 133—143C. IR
(KBr) ; 3340(NH, str.), 2920, 2850(CH, str.), 1650,
1560(C=0, str.). NMR(methanol-d,); 0.90(3H, t,
CH:(CH)w0), 1.30(20H, s, CHs(CHzho-), 2.40(2H,
broad, -CH.CO-), 2. 65-4.35(6H, m, -CHy(CH:)-),
3.18(11H, m, (CH3):NCH,»), 4.35(1H, m, -CH-).
'ﬂ-jﬁ%)ﬁ' » Iﬂ’&iks CleuBrN3038, c:52. 28, H
:9.13, N:8.71, o)&3%, C€:52.39, H:9.10, N:
8. 65. ¢

N -Dodecyl-N“-(3-trimethylamm?nio}-pm-
pionyl)-L-alaninamide Bromide, NC.AlaCs.
AEoIAEGEZRE RARsS PSS
a3, E5=23490-94C.  IR(KBn ;: 3420(NH,
str.), 2970, 2900(CH, str.), 1700, 167X(C=0, str.).
NMR(chloroform-d,) ; 0.88 (3H, t, CHy«(CH:)y-),
3.00-3.40 (fl-H, m, -NHCH,-, ~NCH,), 3.30 (€]
H, s, (CH;N-), 4.45 (1H, m, -CH.). 9484 :
ALE. CuHuBrNO, C:54.90, H:9.80, N:9,
15, ol &%, C:54.98, N:9.05. Ncys-(NN°his-3-
(trimethylammonio)-propionyl)-L-histidly)-N-dede-
cyl-L-cysteinamide bromide, N*C,HisCysC..2] &
A& Scheme 19 VFERARICE.
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QHzSCl{aPh
BocCys(BzIYOH —2+ (CH.)COCONHCHCONH(CH.)\CH.
(1)
Im(Tos)
b CH, CH.SCH,PH
—» {CH3)COCONHCHCONHCHCONH(CH.),,.CH,

(2)
m(Tos)

b H:  CH.SCH:Ph
—2+ BrCH.CH,CONHCHCONHCH CONH(CH).CHs

d (3)
. GH Im CH,SH
_re' ((CHy)sN(CH,),CONHCHCONHCHCONH(CHa)nCHsIBr-
NCHisCysCa

Scheme 19 "Reagents :a, CH)uNH, and DCC b, CF,COOH : ¢, BosHis(Tos)OH and
DCC ; d, Br(CH)COCI ; e N(CH3}; f, N(CH3):/H,0, CH.COCH;, and HF. *Abbreviation
: Abbreviation : Boc, t-butoxycarbonyl ; Bzl, benzyl ; Ph, pheny!; Im, imidazol ; Tos, tosyl

N-Dodecyl-N°-t-butoxycarbonyl-S-benzy!l-L-
cysteinamide(1). T2 ZdE 40mIE 100m/
sontd E8230 Y dycyclohexylcarbodi-
mide (6.4g 0.03mol)® N-(t-butoxycarbonyl)-S-
benzyl-L-cysteine (8.91g, 0.03mol)& 718l =
JF 0CE WZAsz I HodM 1-oinxe &
H(5.4g, 0.03moD)& 7132 0CAA 3ATF
¢ wrgA g, WHgo] §Hd YP E ¥ &
AZo Y 2AF sl vjen ARdE
AgAzAT. Aol A& EFLE -9
dolA ol E2 JHARSY A4DME Quch
53 86—87C. IR;3310(NH, str.), 2920, 2880
(CH, str.), 1680, 153(C=0, str.). NMR : 0.&88(3
H, t, «(CH)wCH:), 1.27(20H, s, -(CH ) CH>), 1.45
(9H, s, (CH:kCO-), 2.82(2H, d, -CH:S-), 3.23
(2H, broad, -CH.NH-), 3. 75(2H, s, -SCH.Ph),
4.57(H, broad, -CH-), 7.31(5H, s, -FPh).
N°(t-butoxycarbonyl)}-N"-tosyl-L-histidy)-
dodecyl-S-benzyl-L-cystein amide{2). E2| &
F22 olHEL 25g€ 100m/ F2ut" &P
2 PR3 6.06g ()& 17m/8] OS2 2ok
Bl £E AP F LN 14T B¢ A
o] ¥ AR EFFLE SHNENE 40T
olgell A AA3AY, JE2= 200G 20m/ol t-
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butoxycarbonyl-N"tosyl-L-histidine 5.01g =<
£AE @3 dicyclohexylcarbodimide 2.98g& 71
B QT A 3AIZH, A2dlM 24A17F EF A
AFNH. o) FHE F XHLFTE 50m/
2 249, 10% NE24+8d 5om 2 29, X
2T E SOmI2 2d HI1, B3 YEEL
2 #EE AASE Azxd9c. Y3 o "o}
Aeol=2RE AZRHA &5 8IS ¥
o}, IR:3320(NH, str), 2960, 2900(CH, str.), 17
00, 1540(C=0, str.). NMR :0.90(3H, t, CHy{(CH>)
07 1.30(20H, s, CHs(CH:)1), 1. 37(9H, s, (CH;)
5C-), 2.45(3H, s, —PhCHy), 2.65-3. 15(6H, broad,
-NHCH:~, -CHCH.S-, —CHCH,"), 3.75(2H, s,
—S8CH.Ph), 4.53(2H, broad, -CH-, -CH-), 7.18-
8. 30(11H, broad, -Im, -PhCH,, -CH,Ph).
Ne-{N°ns=(3-Bromopropionyl)}-N"-tosyl-L-
histidyl)-N-dodecyl-S-benzyl-L-cysteinamide
(3). (2)3}¥E tbutoxycarbonyl 718 €
g4 2& ez AANY d& eluRHRE
+ fg22 ogd 59 0tz Ysisd, 4
gdol Egivd o}7(0.82g, 8 lmmol)H 3.
bromopropionyl chloride (1.87g, 9. 7mmol) ¥ 7}
32 0ColA 342, ALAA 24417 Fob
EANFAYG 2 ¥ 49E A% d2sin ojde}
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NCeyu=(Ni-(3-{trimethylammonio)-propionyl)-L-
histidyl)-N-dodecyl-L-cysteinamide Bromide, I;IC2
HisCysCp. $191A 92 (3)8 EZS W4 30
mE 7hatd 50 F E2oE oA E 64
T F¢ VNIER BAD F, EASG A7)
& AA7) A3 40% EIAL ofnl £8
10mist o€ 10miE 713t 6413 F¢ wbg
ANDF AY B2k o] 22 900mge F
& 2" 879 ¥ hydrogen fluoride 10
mE ZHEFE 1CelA 14ZE, 15T 30859k
Bk AP ¥ hydrogen fluorided A A3 o)
< 0ME 718t 532 ¥ Y FAERELE o
#ited W2 g g FgAFENcG, 29
I 2-mercapto ethanol 5m/E 7}3te A &)X
1442 FF A F g 10miel 30|
Sphades LH20-1002.2 2 o3 (v @L)ste 3
FLHES I Ze3 155—-159C. IR; 3350
(NH, str.), 2980, 2880(CH, str.), 1640, 1570(C=0,
str). NMR;0.88(3H, t, CHA{CH:)-) 1.30(20H,
s, CHia(CH:)w"), 2.40(2H, bread, -CH.CO-), 2.
75-3.15(17H, broad, -CH.SH, -NHCH.-, -NCH
2=, “CH:Im, -N(CHz)), 4.50(2H, broad, -CH-, -
CH-), 7.30, 8.30(2H, s, -Im). 9484 : A
%t CoHaBrNsOSH.O, C:47.58, ):7.78, N:
16,45, 483, C:47.56, H:7.80, N:16.37.
HHERTe| [IE, d2HEZ JSEH Bes
8 BEAVAT old LA AARHAE 0.
IMAgggdez, ANAL ¢gito 0. 1ME
Usol #3E ¥=2 BN ALaAd. &3
N pH4-62 potassium succinate®t 0. 05M
sodium borate &Y, pH6-9%= 0.1IM po-
tassium dihydrogen phosphate$} 0.05M sodium
borate &4 22 pHY-112 0.05M sodium bo-
rate®} 0.05M sodium carbonate €02 wt
o AHg3tvl., pH6old M 317nm. pHé
ol e 400nmelAN FATHUEZHF] AN

v %% 334D, ZE LT £TE
4 dojete AFEE AL,

12.0

sy _ psaoy

S’/EOI X
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Fig. 1. Lineweaver-Burke plots for the hydrolysis
of PNPL as catalyzed by comicelles of NC.HisCiz
NCHisCr.(A), NC:.CysCiz/"NCAlaC.(M), and NC
2HisCysCi2//NC,AlaC1>(®) in ethanol-dioxane-water
(10:1:89, v/v} at pH 7.40, p=0.80(KCL), and 30.0
+0. 1T ; Cd= (surfactant) + (NC:AlaC,; ; (surfactant)
/(NGAl2Cy2) =1/10 ; initial concenyration of PNPL
=10X10 - sul/4

2o ¥ o

ol4gAS] JoNE. FN2H NCHisCo, NC,
CysCz 2 NQHiSCySCwQ} NCAlaCp, EF= 4
{comicelle} &Hol 4 FBUEEZHY = uFhxof
SlE(PNPL)Y! 7}5E&E d@g-csi—F
(11:1:88, vAv), pH=7.30, p=0.80(KCL),
R 30.020.1CokA AFFAG. 13 A4,
koo HAUEZAEY AMd=e goz o
RT E>SY 2N ko= 2827} 85%
ZheEAot AP YA Fug 13 £ 3
< wic. o7)A Ee Zufoln, Sy 7l Ao}
. NCAlC.s T HEE-ARgdas &
ol dA AN PNPLE 7ls-Esfd A £x4
F, ket EY0A 2% ol #AS Fig. 11
GEl AT, Eo|EAN oAHIZY s
3 W3 £=2y dolele ol 2L
AR mel EXso]F, 6w
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Scheme 2

4714 S 71d. M 9d, SM& v]d -7
2 24, P 44E, k9 k.2 EIEV
Ego|dAA AHEL] BESERF, D K
t uAd-7Z2E58AY A¥4Tolch. kobsd$
Scheme 29 &£ EF aAvEg IFdle FY
(1)% 2.

1 _ 1 + N
(Kavsa-ks) (kKnky)  (Ke-kJKICa

G714 Cde NE=-AHFIHe ANEE
o2, N oid g olfe gINA Feou, ¥
AN 2R ANE £ &F doletF Tadlel
of epd it
Table 19} Vel 22 Zo] Zrjo] XEAE Y
Bie $E4F. ko HA-712EJAS H
254, K/N 39 NCZC}'SCIZ! NCQHISCU NCz
HisCysCE301 848 <42 F73e AE
<4 + 2tk Tonellato $& EJA2—-gF &N

(1}

ARBAAT Fohz N3 D
g By A 7

oA cetyl(imidazole-4ylmethyl)dimethyl ammo-
nium chloride?t §1&® Bt} Z24Y o 2w
29 7i5¥d ¥Wgol BASA F/¥vin B
st o] A & MgV FF22 HY
Qj’ Jq-"l' E’c’] NCZHISCI?Q} NC;MEICM-] E‘i}“]
AARN 7teEs ¢4 re Frte dlzgd
9 ojuttErly ez AZEY. z2Ez
Murakami% 2 CTAB$} N-hexadecyl-N°-glutaryl-
L-cysteinamide® Zvlg Alg3o oigh=2F
i AR W Elgr]e I <o
WEEErt F7HAGR Rusgoh’ ol
NC.CysCi:%} NCAlaCp8] TV RE oz 4}
28 o wgEKTo Zrle AlzHde AYHA
A El&7] Fgoict. =W PNPLY M4 e
¥h$-ol NC,HisCysCi% NC,AlaC,,®) T oA
M 743 #& 4RSS vehd AL Mura
kamigol N2ulEe] 7ipEsiwtgd NCHisA-
spCr® ZuhZ A8 ¥ i oln}E7)el o}4ls}
e Flad oo gotds g iy
22 7R wgol HAWDE BaPg A
7 gol oluleErle oldsl wheH E L7
goldE 9 A3 Loz MHHc),

Table 1. Kinetic parameters for hydrolysis of p-Nitrophenyl dodecancate as catalyzed by peptide-surfactant

comicellar systems’

catalyst CoMY Kopsals™) Km(s™) kn/NOM™)
none 0.80X10°
NC.AlaC 1.00X10°  0.84X10°
NCHisCy, + NC:AlaCys 5.50107 7.74X10° 3930
~3.30X10?
- - 50X 10% 51X 10
NC,CysCi: + NCAjaCyy j 353(»3 ?0,2 et 2000
+ 4 5.50X1¢* . 51X 10
NC,HisCysCi. + NCAlaCyy ~3.30 X 10? 5.51X10 6510

“ In ethanol-dioxane-water(11:1;88,v/v) at 30.0%0.1C, pH=7.40, and p=0.80. Initia} concentration of
PNPL, 1.0X10M. * Concentration of comicellar systems Cy= [l:QCzHisCm], [I:JCzC)'SCu], or
(NCHisCis). (NC,CysCe), or(NC:HisCysCra) /(NC,AlaCo) = 1/10. “CMC of NC:HisCu,
and T=30.0%

Chl. EI;JC2A13C ). "

I':ICszSCu, andf\TCzHisCyquz by kinetic method(ref.17), 2.30X10*M at pH 7.40, p=0.80,

0.1¢.
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Aol oloickEIgH ElR7IS HoNRE
4. NCHisCE&NCCysCu# NCAlaCp2l &
golde Z9= AEE W PNPLY 715Es
o UY 1% EEN4S, kI pHBAF Fig2ol
LRl QA Th

Yl e wtsh ol PNPLY sl4Ed
o W@ ko FEL NCHisC,E¥ol4AS N
CCysCu® ZUPIAARN 27 pH 6~7 R
pH 801 el N AAY ART Yeld, oA
F4Q o|utt&71s} anionic sulfido”] 8l %4}
FA-wAY A/Pomz WY pe
Scheme 3& A H ).

SM(F) — =

L
SM(FH)
Scheme 3

AN FE' Z4< olvit}&E7] £+ anionic
sulfido?), FHe %Q3AE % onriEr) =
€ "7, K.-n:' PBYLFE, ket FAHY oldl
t}&7) & anionic sulfido”]ol &% PNPLY
7HEERd By S=448 a4 Jedt, F

%
2

10
T

k, X 10/s*
6
T

Fig. 2. pH-rate profiles for the hydrolysis of PNPL
as catalyzed by comicelles of NC;HisCi./'NC:AlaC;
(@) and NC,CysC”NCAlaCy{(A) in ethanol-
dioxane-water(11:1:88v/v) at u=0. SO(KC]) and 30.0
+ 0. 1T ; C4=1. 1X10°M;(surfactant) / (NC:AlaC,)
=1/10; initial _concentration of PNPL =1.00X10"
M ; ki=keo-k(NC-AlaCyp). k(NC.AlaCyo), is the rate
constant for hydrolysis catalyzed by NC:AlaC,; mi-
celle alone.

Al olr|t}EZ1 S anionic sulfido”] 2} EiEE
A& Dot Y Scheme3d HWYHH &
oz RE o e BAFE A& 4 R
‘_-'l,.lﬁ-ls

1 1

1. 1, )

kn ke koKa @

FH(2)E o839 FPEH=-AURIA F

£710] si# PNPLS) kish pKa& 7] 8t
c"e'! 4:5‘-01‘% %E"ﬂ)"] NCzHiSCuol""' NCA
CysC®t ¥ NCAlaCp8l EduidAS AH ¥
EE d3NA 9L kB FaolFyT HAE
Fig 391 Jehdifid.

524(2)¢ Fig322RE JE=-AAFAHA
o] F4A oimgEr) o PNPLY k;
pKa® 7.91X10°, 6.49 2 %47 AL
Murakami$-& SM(mH)=S=SM(m) = P o
%% Eé"g' "'“‘9" NCzHlSC]aQ} NQAlaCmS’-] E‘
ol dAfA S EZHG Aol Ed
N ks 7 pKate 1.78X10°8'% 6.35% X328
A& J¥83A zole TAMAAY w4
8733 71de] hzr] "ok, i8]l anio-
nic sulfido?)od 21§ PNPLY ka3 pKat 6.00

0 T 2 3 a
(W) x 109 m

Fig. 3. Plots of 1/km vs. (H')for the hydrolysis of

PNPL as catalyzed by comicelles of NCngsCIz/ N

CAlaC,(@) and NCszsCu/ NCzAlaC13 and NCg

CysCi/” NCzA}aCIz(A) in ethanol-dioxane-water(11:

1:88 v/v) at p=0.80(KCL) and 30,0% T : initial
concentration of PNPL=1.00X10* M ; (surfactant)

/# (NC:AlaCy) = 1/10,
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X108 10.5022 2}z ALy, 2y
Murakami®& FA(2)2R8H 9& pKagt2
10.4012 ¥ =% HA(photometric titration) &
ol g Y FL 10,3227 B A7 &
Abg & ZEAW, 2 Apele EEr] 349
gl d 4€ VE=S-—AARFEIA7 g
7] o gojc},
ol cit ojdel 24 NEe #n
naAe EojEde FAANY B8 b
4 78 4xRgos AJYo. NCHisCost
NCCysCrpd En| @A} 8 YoM BRI E
29 oA EH E(PNPA), FHFEZ3Yd =
Al o) E(PNPH), PNPL$} o] @247l 2
7hel w2} FleRHd Fe FTE Lol
At seE=dHY q2H=29 k& Table2
o el

Table 29 viepdt R 2ol £40AA o
H2o 717ER &2, kps 2HEZ9
4479 g2571 1, 5, 1122 F7Hge] wet
PNPAS) HIstd 0.82, 0.67¥2 ZAFRoY,
EZvAAANNY ke L1, 1.3 R F
713k c}. Rurze alkyl sulfated] €479 g4
F7k 1, 2, 1282 WRANH sl BesE
ArE S3%ded, €457 129 sodium
alkyl sulfate®l £E37 dAHA ZFAEE
2ot ol odg Yy A8 Qe

Table 2. Relative catalytic effect of hydrolysis for
p-nitrophenyl carboxylates

substrate Kayals)" kis»’
PNTA 1.20X 105 2.67X10*
PNPH 9.80X 10" 3.02X10*
PNPL 8.00X10° 3.45X 10

“In 1% (v/v) dioxane-water at 30.0+ 0.1, pH=7.
40, and p=0.80(KCl). Initial concentration of sub’
strates ; 1LOX10*M. *In 11%(v/v) dioxane-water
at 30.0+0.1C, pH=7.40, and p=0, 80(KCI). Ini-
tial concentration of substrate ; 1.00X10°M and (N
CHisCid=1.0X10°M and (NC,AlaCy2) =1.0X 102
M.
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