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a-Chymotrypsin in EtOH/Water Mixture
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ABSTRACT

The esterification of Ac-Tyr-OH was carried out in one-phase system containing ethanol by a-
chymotrypsin. The results of the esterification reaction are as follows. Chitin—e—chymotrypsin complex
was found to be an effective catalyst for the esterification of Ac-Tyr-OH in ethanol organic solvent.
The optimal conditions for the esterification were chitn/e—chymotrypsin ratio, 20(w/w) ; reaction
temp., 35°C ; reaction pH, 8.0 ; reaction time, 24 hrs. Also, addition of chitin in water/water—-miscible
organic solvent was effective for the stability of the enzyme. The esterification yield, Km and Vmax
under optimal conditions were 93%, 3.093mM and 1.088mM/mg/hr, respectively.
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system) & AHa3ho] AZE AF-FoRE 7 Asisle,
Klibanov 52 @-chymotrypsin &wjzgo 28k
acetyltryptophane] olAg)E3}2  water/chioro-
form systemell4} A|=atdct, w3k Zakse} Kliba-
nov(3)+ pan-creatic lipaseZ o|43te] A& o} &
d3722 tributyrylglycerol®] transesterification
oo J7sted=d, 0.02% olsty E& FHF
7)ol A A7 Fob 100CE 7tz 1
29 FAL A EHYE w2 A9E Ak

&9, water-miscible organic solvent(Z& hy-
drophilic organic solvent)& o]-4-8 A (one-
phase system) el A5 o}v)icAt o ~d|23} A =
& e AFE AxstE A7t wel dsiAx
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Yo zs WAL olEAY 4 Ukt Holn
(8-10). 2822 o~e 23} uF2orE water—
miscible organic solvent7} 2o 25 B9 ok
Zd 7 oot webd 549 spdel A48 Ee
kA 5}04 gkl EAshe ok A 9
3 aAuleo g AL 4 o), AU FAE
THAHoR o] 8% o o] YT vxT, FHEY
o E2l Aol ojelgol gleh. olzigt FAE WA
sl7]  $1sted &49l 7A3MY (immobilized en-
zyme)o] de| o5 §ich(11-13).

B o] Fo]| 4+ water-miscible organic solvent
23] slol| 4] @—chymotrypsin Zvjz}80 2 acetyl-
tyrosined] ol 28|23} uk8-& Axdlgod, o}f-g
olefgh whg-& FA9 vAIE o8l Fa9
NS FHATI FAPES Fol At ket
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Bovine pancrease 25-8] %3 g—chymotrypsin
(84 1 40 units/mg protein ; ¥A}2F : 25KDa)
[EC 3.4.21.1]% Sigma Chemical Co.2¥E F9
gt} ARg3dtt. o 2E| 23} wkg-o] 7]A) car-
boxyl Ad# acetyltyrosine(Ac-Tyr-OH) % =3
Ale acetyltyrosine ethyl ester(Ac-Tyr—OEt)‘;
Sigma Chemical Co. 248 F9lalo] A28 g},

4o FAAZ AR-E chiting FE3HY(F) ..
2R ZFukgton chitosan ¥l 5(14)9) o3l
Azzlo}al AEE AHsholc. 22l Sephadex G
—25 9 50, CM- ¢ DEAE -Sephadex z2]1 CM-
DEAEﬂ:ellulose %% Sigma Chemical Co. 2%
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a-Chymotrypsindl| 2|5t o|AH|I23} B2 &
EHe gt

a-Chymotrypsin®] Zvjjz}go] g Ac-Tyr-
OHe| ol ~e|28) whe.2 $44 §718v1d oehe
S o]4-3to] whalArAl (one-phase system) A 3}
o A At &, Ac-Tyr-OH(10mM)e] -4
2 oleke 10mi[4% (V/V) buffer 331 falo] ¢
~chymotrypsin(10mg) % 2324 (100mg)& 7}
8tod 30°C oA 24417t Fok F22ol A HAE] gt
A whEAlZTh AME 4o R 20mM
CaCl,7} 3% 0.IM Tris—HCl buffer(pH 7.8) &
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AL8-819d}. &3 A 2= chitin, chitosan, Sephadex
G-25 % 50, CM- @ DEAE-Sephadex z2]x
CM~ % DEAE—cellulose 58 AMstglon, ofd
FHAE YrelR| ke oad2s} uhe-g g7 e
Shel 39 452 wlaadch. A Ha el §
Al gL Ingalls S (4)9) 93 hydroxamate ¥4
ol ulg} 2Aslgrt. =, 1.75N NaOHs} 1M
hydroxyamine HCl &3¢9 Imlel A& 0.5mlS
Hrlstz 38 Fob w3k %, 4N HCl 0.5mlet
0.36M FeCl;(0.1N HClel] =¢] &) 0.5mlE 7z}
Wil hAs £k o] 448 540nmell 4] F
$5g 345 £FAF AcTyr-ORZ 243
Aeps vietel 85 ARehsc

of| AE| 28} gt
o A

Ac-Tyr-OH(10mM) o] -5 g2 10ml[4%
(v/v) buffer &-#-] -2l achymotrypsin(10mg)
& 7¥ska F2HA9l chitin®] oF& W3A|A chitin/e
—chymotrypsin(w/w) ®]7} 5, 10, 20, 40, 60 %
80°] EH%E chiting #H7}F F 30°CdA 2447
B4 e AA 85 SAs

S0l|M Chitin/e—Chymotrypsin H|

o AE 28} BiZoM 2L Y pHO| Pt

Ac-Tyr-OH(10mM) ¢} oflebg- - (10ml)[bu-
ffer 4% (v/v) 3]l e—chymotrypsin(10mg) %
chitin(200mg) & 7}8F &, w22 % pHE uig)
AA T8 A, ﬂliﬂléﬂ"ﬂﬂﬂ +E H
pHe| 33& AEs AT} 2x& 20T4 50C7H
A, 1e]x pHe 6.09014 10.07}#] wW3}a)7ony,
oju ¢hE g2 7+ pHell we} 0.1M sodium phos-
phate buffer(pH 6.0), 0.1M Tris-HCl buffer(pH
7.0-9.0) % sodium carbonate buffer(pH 9.5-10.0)
£ Ahgasnh

OlAE|28l BESol|AM o|EL20 HIIE $8% =
To| A

] b el $Egdle] 48 AcTyr
OH(lOmM)«] ofebg 2N (10ml)e] e-—chymo-
trypsin(10mg) % chitin(200mg)& #H7}x|#A 35
Colal 2012 Whesto] A FEe Sdahaleh.
o]u}] oﬂ _9‘ B_oﬂoﬂ %5101 o]‘— 1.%%0" o] .
+ 0.IM Tris-HCI buffer(pH 8.0)& 1, 2, 4, 6, 8,
20, 30, 40, 50 & 60%(v/v)7} HEZ 2&7}*133&}.
a2]a vEEAIZE 1417 o] g8 EA5k 2
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N&ER AAsesh £ §24)9) chitine] E3
Fhgel wet go) vAe 3PS ohr) did
chiting A715HA] e wree] $8& A5l 4

2 v,

HI2 X LHol|A e~Chymotrypsing| OHA &3

0.IM Tris-HCI buffer(pH 8.0)7} 2%(v/v) &
$5lo] 9l ojeh-& £ (10ml)e) e—chymotrypsin
(10mg) 2 chitin(200mg)< A71gF ¥ 35C &
Zol A zhzt 1,2, 3, 4,5, 6, 747F ubAgE 3, Ac-
Tyr-OH(10mM) & z+2+ A7}5)ked 24 A7k FoF ub
SAA TES A, oS WA 04
o} P& JjFor 3o AufHe Ao
249 S eRdisde) old chiting 7k}
A ke 9ol HhS YETF-R 3l A AE H

waholc},

Ol AEIZ8} BIZolA2] Km 2 Vmax gt =X

0.1M Tris-HCI buffer(pH 8.0)7} 2% (v/v) &
F5o] e oleke &of 10mle] e-chymotrypsin
10mg3} chitin 200mgs A7}A]7]7L 7]2 el Ac-
Tyr-OHe| =& W3kA]7 35TAA 1, 24 3 48
Azl dR e SAs oW Km o
Vmax & wH&AIZE 1A47ked dje} 88 S48
o Lineweaver-Burk plotell 2|3le] Z3}3}<]c}.

A3 9

a-Chymotrypsinoi| 2|5t of| AE| 23} BI20|M &
EH2l 20t

F7l el A aane) A8 7)o e AF-E
7] Aol aavt 22 559 f7|8u Ex sl
A wAdo] ofofu} EHAdo] Atk AY7talgl A|ul,
lipase(15)%} papain(16)2 o] &3 o A~H =3} ut
-0 AFHoR o]FoAer A ofzg g vl
HA =9}, 2% Fastrez®t Fersht(17)¢f 2|3}
g Fslg 4l echymotrypsing] Fujzt-g-of
ot o ~e 23} ukg-o] o]FojAti= AlAle] u}s
Aoz BE Tay f718wed 4 848 oJx A
e FAZ F slvde vkeAdel AAEH ol
g AMSE AR Fe 2 AgedE echymo
trypsin®] Zvfak8o) 2Jz}e] Ac-Tyr-OHeo| oi&t
& Uolld olaH23 ubs F a9 F4¢ v)F
£ F3A49 ans HEstolony, 1 A3E Fig
1ol v}eliede}. Chitiny} DEAE-cellulose S %7}
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Fig. 1. The effect of support materials on the es-
terification of Ac-Tyr—OH. A reaction mix-
ture containing ¢-chymotrypsin(10mg), sup-
port materia(100mg), Ac-Tyr-OH(100mM)
and ethanol(10m1) containing 4%(v/v) of
0.IM Tris-HCl buffer, pH 7.8] was incubat-
ed for 24hr at 30°C.

A Chitin, B: Chitosan, C: Sephadex G-
25, D: Sephadex G-50, E : CM—Sephadex,
F : DEAE-Sephadex, G : CM—Cellulose,

H : DEAE—Cellulose, I : Control.

st o odxe2st g 77} 62% W 55% %
Abds] =9k o} DEAE-Sephadex: 489¢] 8% &
W% dopeh, el ofd FAAE ArheA e
HhSo| = g0l 44% & v A oo ofe} A
A Z Ho} g—chymotrypsing & %9 #
7180 Wl M= w9 & B FAF AeR
aebich, ol FEA|Y] Ayl 349 4 v
A g F &2 F7] FERE] v A44E
7FAG Q7] wtell manel FE-E ATl BjFA!7E
JAAE 2 BFA F el Fo] EAEA HowH F
29 F4o] Zrlse Zlew deA eh(6).

£ Aol 2] e] ol H| 23} uhge e T (4%,
v/v)e) 8N (0.IM Tris-HCl buffer)o] g%l
oeb-g- & ALl o~ 23" Ac-Tyr-OEt
o] thA] Ao shpEaEE e AAE 5 9l
™, chitin®} 28 F2EA-E AMEEle] Whe sr o
TEHof A of ~E| 23} ub3-o] F&E SV
olajet. Tal £(18)& chitind} chitosang 2-2-%
AR ko] papain Zvlo] 2|3} carbobenzoxylala-

rlo
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nine?| o ~H| 23} $82 zh7k 54%9}F 40% o]sick
3 ®ysleon, Cantacuzene £(19)2 &4
o] E-2 1l methylene chloride(3/5/1, v/v/v) ¢ &
g8l £of 4] butyloxycarbonyltyrosine2] ol |
23} ukgollA papaing FvjE ko F&o] 90%
2 A=k Bastedeh. = Mori F(5)
ojg] 7}#] F&EHe)| a-chymotrypsing 1A 3}A]
7l &40 &AL vk A3}, Sephadex LH-60¢
A 74 o FAo] 0.3pmol/min/mgo e 73
orchy ®.wgh vl Qlrl

gl o

o| AE25} HER0|AM Chitin/a-Chymotrypsin H]|
o Hg

3228 chitine® 3}¢] g@-chymotrypsing
Mol ofekg m)x]= chitind} e—chymotrypsin}
v (w/w)ol| gt Azt Fig. 29} 2}, Chitin/a-
chymotrypsin®] |7} 20 wj7}#] oAH 23} 4
&2 G438 F7istgort, L o|F w7} 800]
W7k A= go] ALY dAsrt. oL ovtE
10m! <o &A= 0.4mle] 48] chitin
200mg3} &4 10mgell ©J8k chitin-&4 =349
F9)ol] 2Asto] F4E HIFoRY B4 BAE
G2 A7) 7e® dgEr). Noritomi 5(20)&
polyvinyl alcohole] @—chymotrypsing 124384 %
& o, 1 v} 20(w/w)7HA= GEo] A
Z7Fk A, L ol4ke nizh Fotstein Ee W
3= gldoty BoEk vp gt

100 e

80

Wl g

Yicld(%)
N

s0{ @

204

0 2‘0 4‘() ()T() H‘D 100
Chitin/@ Chymotrypsin(w/w)

Fig 2. The effect of chitin/achymotryps(w/w)
ratio on the esterification of Ac-Tyr-OH.
Other reaction conditions and methods
are the same as those in Fig. 1.
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olAH 23} BHEoM 2 H pHo| Y&

Ac-Tyr-OH¢] ol ~H 23} vh-g-oll 4] 259 od3k
& Fig. 3oj|xje} o] vbg-2=7} 35~40T oA 5
£o] 90% ALE wi§- wotow, 257} 20T A
BTE Z7150l we} oad2s) 82 A £
o2 Z7}E9jon} 257} 40T o)A 50CE Z7}Y
of me} T&E s ZraEsglc. old Ade
dulx o 2 ok g—chymotrypsin®] = &wg}

100

804
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B \
z .
2
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o] T T T T
10 20 30 40 50 60

Temperature('C)

Fig. 3. The effect of reaction temperature on the
esterification of Ac-Tyr-OH. Chitin/a-
chymotrypsin ratio 20(w/w), other reac-
tion conditions and methods are the same
as those in Fig, 1.

100

\

40 L

Yield(%)

20

Fig 4. The effect of reaction pH on the esteri-
fication of Ac-Tyr-OH. Other reaction
conditions, except temprature 35T, are
the same as those in Fig. 1.
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$A5kE |, ol7lo2 e} chitine] P77} Ea
o A AA GFE A Fae Ade
ok & slslth. o] AR Kise 5(6)ol] 97 ace
tyltryptophane] ol A~€ 23} 4go}4 chiting %
AEAR AMEIE A, 40T FHsHA
o] Zragltt= Azl 9 Noritomi 5(20)2] polyvi-
nyl alcoholel] g—chymotrypsing A3 A7l &4
E o]&3}o] acetyltyrosyl glycineamide$] ¥4 u}
SollA =7k 35T o go] oF 65% AL
7P Eghom 40T oo R 27} ek Hd
TE FA 2tadvs Aol Al

o 28| 23} wk3-of o] pHe| 432 Fig. 49} 2
o, pH 7.0~9.0 W3] Wl gl 2 o)}
$leo] H|XA =9roi} 0.1M sodium carbonate
buffer& A}-43F pH 9.59} 10.00)| 4% $g-0] Abut
3 7rashodct. oleb e Az g—chymotrypsin
o SJ@ TFpRaolAe) 27 pH 273} 47180
o4 o 2e|23} uks-o] HA pH 270] A= w)s:
el 718 Bl Fgir}. 2} Kise9t Shirato
(21)¥ acetyltryptophan®| o ~H 235} ul-Se 4]
pH 6.00114] <F 90% 2] 7}7 o éréirg Al
LK}@L} &} Noritomi 5(20) ARA 87
£l acetonitrileo] -3 ThalaA| %“HJJd 3}
ol 4 gchymotrypsine]] 2J& acetyltyrosyl gly-
cineamide®] 4] w9 pH &32 Aw3 A,
pH 7~1072)= 80] 79 dAg 7o & B ug
LI

o AEI23) BESOAM ol E20l| HIIE $BY
o A3}

2u 23l vhgel A f7]8ele] HrhE G4l o)
TR WE £8-4 243 dxts Table 13} 72}
Chiting: Aketele 4%, Whe 240 5}
8% AhAlE 2o SEsl FAGHA Z7hahal
or}, A7k 4809 B} 1 o)y w05
3 z27Mb&Est Ags] ghadtgde). Chiting 3
7ValAl ekoks AL% kS chiting Arede
319 2atord, WD $8A9 S} 01
o] olghg fuollA] oiHE3te) EyMESSE
chitng H715he 797 94 o Wt ols)
R A B ue) f7180 Yold w2
el FRAV} o3 Lo e ag e
Ko Ao}, Kise 5(22)-& chitindl] &21]7] ¢
—chymotrypsin®} Zvjlo] 2|3 acetyltryptophane
Azl 2 Beola] e &l Sl Hhel 4
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Table 1. The effect of water content contained in
ethanol solvent system on the esteri-

fication of Ac-Tyr-OH.”
Water With chitin Without chitin
content K{zmol/ ) K(umol/
b
@) Yield(%) mg/he)” Yield(%) mg/hr)
0 4.05 0.21 0.00 0.00
1 82.33 1.18 2097 0.03
2 92.32 3.08 82.51 0.48
4 87.40 4.99 85.55 3.03
8 (9.11 6.38 76.74 6.73
20 37.19 3.40 49.42 4.07
30 25.03 2.73 43,84 3.49
40 15.33 1.97 37.67 3.05
50 5.11 1.02 30.32 2.67
60 0.00 0.99 5.63 0.74

a) The esterification reactions of Ac-Tyr~OH(10mM)
were carried out in the systems of ethanol(10ml) con-
taining various water contents(0.1M TrissHCl buffer,
pH 8.0), @<chymotrypsin(10mg) with chitin(200mg) or
without chitin at 35°C.

b) Yield after 24hrs

¢) Initial reaction rate(reaction time of 1hr)

o) 557} 5% o W34k 7 meriy v
13ty e, Kiseg} Shirato(23)& 10% ofetge ]
-5 acetone Gvljol 4] ol AH| 23} vlgLE =
24%2) +49 FEb ARGS W A we
218}k v} 9,
zhe-wino 2 24417 Bk wHSAlA o)
S &A% A¥}(Table 1), chiting- A7}a
of ollghg fulol] A5l FHHe Hrr} 2%
o go] 7P Egten, chiting Hrlehx| o
= 75‘ + A7he T8N sro) 4% d o 55
A w3t Ingalls 5(4)& A7k #4899
4 0% o]3}2] ol|gh-g 4o Zoll4] A3} 5] of
& achymotrypsin 8| Zvfz}-g-of oJ§} o2
TEE 10% ol3t& 7o) uhgo| A )
o1} polyacrylamide beadoll &4 2 A3}
& Afele A F4de] S} 30%elA] ol
23t 78] oF 40% HEE wwA Fohtir
E38kedch. Mori 5(5)2 H7bel #8449 Frrt
20% <) oleke gMol) 4] Sephadex LH-209)| &2
% a—chymotrypsinoll &g+ ol A 23} 8o of
80% Azslom, H7kgl 49 F5 30% o4

J
4
.

N
—|—‘

7

-
o«?.

lo tob

> 24 &2 L 30 of o
EM¢WAW
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A A 580) 20% olstE FAA Hastartn

Hyatgle}. Kise 5(6)2 acetyltryptophane] o
SH 28 uhE F, 2.4% 9] Faodo] F4H ek
folloll 4 chitosano| &% @-chymotrypsing o]
8% olav 23} uhge] 282 83% et Ras)
ek, =g Noritomi 5-(20)-2- polyvinyl alcohols)
kb Rkl C?—Chymotrypsimﬂ 2]&} acetyltyrosine
o ol ~e| 23} uks- Az}, 2.4% ) FLHo] a8
ofjeb-2 Lol 4] 80% olAbY] =0 488 Aol
H 3% u} gle}

3= oM a-Chymotrypsin2| O A

a9 S AR $J5te] oaez3d) u
&9 #HA 27 3y kg 4 (2% buffer §5-)
Woll#] Z+2} 1,2, 3,4,5,6 2 747 ukx)gk 3 7]
48 7H7 Al s oo ﬂ]*ﬂ]ei} FEE 23
o] B49) JAAS AhA §49 FHo = 1}
ehd A= Fig 59 2o} 7 A3} 3 549 8
A2 chiting #7}s } S 749 2F 70% 2 4], chitin
= A7PEEA o AeH 349 A Aol 10%
A =9kt Mori % (5) 2 ojJekg 8-l cyclohex-
ane £ 3l LA (66/33/1; v/v/v)E& 4 &
g &vl %ol Sephadex LH-20¢) &2t%l @—chy-
motrypsinol|] 2}& acetyltyrosine(16mM) 2] o] ~¥]
23} ukSollx] aio) AL 6 A & 2 A
3 &4doe] 50% 2 7ta3lgl 1, Sepharose 4B¢l

100 9

AN

c

p}

\S 80 = ___with chitin

: T~

= L S

g - ~

o 60 without chirtin n\“

>

= \0‘\'1)

S
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40— P —
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Time(day)

Fig. 5. The stability of achymotrypsin in esteri-
fication reaction condition. The esteri-
fication reactions for Ac-Tyr-OH were
carried out with a@-chymotrypsin(10mg)
and chitin(200mg) in 10ml ethanol con-
taining 2% water content after specific
time.
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T+ A%E achymotrypsing 74 A3} ¥ g4
60% o7 A] FAlshrie B arsledc).

oj| AH 28} HI=20A Km Y Vmax g}
Ac-Tyr-OH 7|49} 5= ¥3e] B2 Km 3

4 1
- Km=3.093mM
Vmax=1.088mM/mg/hr
3..
-
=
£ 25 L)
€
3
£ 7
> ’/
= {.
1 1)
0.5
0 T T T T T
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
1/8[ mM]

Fig. 6. Km and Vmax value for the esterification
of Ac-Tyr-OH. The esterifications of Ac—
Tyr-OH(1mM~20mM) in ethanol(10ml)
[containing 2%(v/v) of 0.IM Tris-HCI
buffer, pH 8.0], -chymotrypsin(10mg) and
chitin(200mg) were carried out at 35°C for

lhr.
100 .
oo
‘N
80 ‘/ 24hr
g oo S-S
x
T
et '
> —— 48hr
40-
20 -4/ thr
. LA R S
-———-
o4 . . , : |
0 5 10 15 20 25

Ac—Tyr—OH(mM)

Fig.7. The esterification yield on various sub-
strate(Ac-Tyr-OH) concentrations. The
experiment conditions are the same as
conditions in Fig. 6.
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Vmax 3 588 Fig. 6 ¥ Fig. 73 #t}. Km
o 3.093mMo]™, Vmax gre 1.088mM/mg/hr
ollch. uFE-AIZE 24217kl M Y] o AH| 23} P
Ac-Tyr-OH9) %7} 4dmMed o] 7} =9ic). =
g 48217 FoF uhSAHS AY 24A17kR ) 23
# go| Zadte AR Mol ub3A|7te] AojA
TE AR ozEErl A" &l o8 2
gubgkql 7hpRsl whe-o® APFcles RS 4 F
oith. Kise2} Shirato(21)% o A8 23} 1uh-gofj 4]
A& A} ol A AS, FEo] Fadty B
gk wp Qlet,
2 o

Ac-Tyr-OH9] of| A8 23} uh-3-& water/water—
miscible organic solventg o]-&38}o] whelAtA (one
—phase system) =7 &}of|4 a—chymotrypsing] &
Wihgow Adsgon, 1 Ast e Lk

Ac-Tyr-OH(10mM)e] &-H5 oferg-(10ml)[4
% (v/v) buffer 3] Mol 4] @—chymotrypsin2]
Zufjzt-gof ofg}h o~ 23} ukEof dFE u|X=
224 chitin, chitosan, Sephadex G25 ¥ G-
50, CM—- 7! DEAE-Sephadex, CM- % DEAE-
cellulose & chiting #H7}5lg9S A%, A~dH =23
F&o] 62% % 7} Egkth 2|3 o aH 23} ¢
$o mA= HAubexALe chitin/a-chymotry-
psing H|7} 20(w/w), €% 35T, pH 8.0 ¥ 7]
Sofjoll A7bE EAe] FEE 2%(v/v)d =
3}, water/water—miscible organic solvent system
o4 chitin®] #H7b= £49) hAA v)ofst= A
o2 vt U327 st A oA 23} ub
29 &, Km % Vmax & 7z 93%, 3.
093mM ¥ 1.088mM/mg/hro]glc}.
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