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Table 1. Specificity of various protease on protein cleavage

Enzyme

Cleavage site( )

Serine protease
trypsin, trypsin-like enzymes
Achromobacter protease
chymotrypsin, subtilisin
elastases, a-lytic protease
proline specific protease
Staphylococcus protease
carboxypeptidase Y
Thiol protease
papain, Streplococcus protease
cathepsin B, clostripain
cathepsin C
Metallo-protease
thermolysin
Mpyxobacter protease 11
Aspartic protease

Pepsin, mold-aspartic protease

{
-Arg(Lys)-Y-
|
-Lys-Y-
i
-Trp(Tyr, Phe, Leu)-Y-
i
-Ala(Ser)-Y-
i
-Pro-Y-
!
-Asp(Glu)-Y-
}
X-Y-

v
-Phe(Val, Leu)-X-Y-
v
-Arg-Y-
v
H-X-Phe(Tyr, Arg)-Y-

}
-X-Leu(Phe)-
Y
-X-Lys-

{
-Phe(Tyr, Lew)-Trp{Phe, Tyr)-

* X, Y. amino acid residues.
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Fig. 1. Coruses of synthesis of Z-GlyGlyPheLeu-OEt from

Z-GlyGly and PheLeu-OEt in buffer solution and ~ *+/) &= 73 ¥hg-8H= 21024 serine ¥ thiol pro-
in biphasic systems at 40C. tease’} o WH3-& Ev| 5}?‘: B0tk o] ZF serine pro-
-®-, Z-GlyGlyPheLeu-OEt i -D-, Z-GlyGlyPhe-  tease® o= L 7|9*& Awsiuzl 3.
PheLeu-OFt ¢ -(3-, Z-GlyGlyPhePhePheLeu-OFRt. Fig. 201 2215 o g Uehd vle} o] Eme) 745
a is the volume ratio of organic phase/aqueous CERHE-2 ofv] = (=) RAE F 9 o} s acyla-
phase. tion) A.2x9] A& A} 7} B A4 (carboxylic acid) 2.2
2] 3f o]-U% e =7 zslo] Ao o) oj:)g] AR E E 5}1—/} Se-
Fig. 10 (a)lA}x= MES-NaOH buffer 5&4#o4]  rine proteasei= o 2:H|e}4 (esterase) AT 70a QlA|uh
MR oF 10% RS HAMARS A% 5 Qalxyt ArH o] g4 o T ol ELE TE
W qhastel 9] 0% Ak (b)oll Mz o] Ao A whe- S FE =YD S5 Az APt ve Az gt

Tabel 2. The important organic solvents used peptide synthesis
1) Water-miscible organic solvents
methanol, ethanol, ethylene glycol, glycerol, N, N-dimethylformamide, dimethyl sulfoxide, acetone, formalde-
hyde, dioxane, etc.

2) Water-immiscible organic solvents
* alcohols
(n-, iso-)propy! alcohol, (-, s- t-)butyl alcohol, (n-, s-, #-Yamyl alcohol, n-octanol, etc.
* esters
methyl acetate, ehtyl acetate(37.8, 40C), n-buty! acetate, hexyl acetate, etc.
* alkyl halides
methylene chloride(2, 30C), chloroform, carbon tetrachloride, trichloroethane(0.4, 40T), etc.
* ethers
diethyl ether(12, 20C), dipropyl ether, diisopropy! ether, dibutyl ether, dipentyl ether, etc.

3) Water-insoluble organic solvents
* aliphatic hydrocarbons
n-hexane(320, 40C), n-heptane(310, 30C), isooctane(180, 30C), etc.
* aromatic hydrocarbons
benzene(1200, 407C), toluene(880, 30C), etc.
* allicyclic hydrocarbons
_ cyclohexane(160, 30C), etc.
* The numbers in parenthesis are their solubilities(ppm) and temperature.
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Fig. 3. Energy-diagram on hydrolysis of amide(peptide)
and amidation of carboxylic acid by catalytic pro-

tease.
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Table 3. Peptide synthesis*®
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yields on influence of amine con. and organic solvent con. with trypsin

H-Leu-NH,*® con Yield Methyl formamide Yield
(M) (%) (%) (%)
0.05 0 0 11
0.2 5 10 17
0.5 11 20 34
1.0 40 30 39
2.0 49 50 46
trypsion(0.02mM)
** reaction is Z-Arg-OH + H-Leu-NH, Z-Arg-Leu-NH.,
(0.05M) pH 6.5, 37C

*" HilewNH, = HINH-CH-CO:NH,
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CH,

{
N,N—CH-COOH + H,N—CH,—COOH
(Ala) (Gly)

of9f 3to] ofulimibel wide] WepA|n R dipeptide’t
zhe S E Ga A P Amino 71 HEE 9lalAiz
42 benzylchioroformate{CsHsCH,OCOCL), di-tert-butyl
carbonate ((CHa),CCOOCOC(CH,)4), acetic acid(CH,
COOH) %ol o451 4o 72 E 4 7]o)+= ammonia
{NHa,), ethyl alcohol(CH,CH,OH) “1&] il tert-butyl alco-
hol 5ol AHE5 1 glch 3719 S8 =eke] @75+ Table
4l A9} ¢ho] acetic acid®} ammonia s =Y A7 Fe A 9
STt W Eoh
oj¢} #o| ofu:AbFLAE FAAIZL F proteased]
g de|= 4% A Hed o) AL Kimura 500l
o# 34 Leu-enkephalind % Hol X, Fig. 49
#ol Z-Gly# Gly-OBu'E papaino.2 &4 3te] Z-Gly-Gly-
OBu'E A% & Hy/Pds Ful A2 H7lsts GIy-G -
OBu'& vHEth o 7]o)l thA] Z-Try# Gly-Gly-OBu' ¥ a-ch-
ymotrypsm&i HEG-Al A Z-Tyr-Gly-Gly-OBu'& 4434171
& OBu'E A8kl #iske] 74vAHHCOOH) & HV/H
%‘9_};«1 Z-Try-Gly-GlyS &% 4 vk g Z-Phedt
Leu-OEt+ thermolysin®| &#)3}oll A Z-Phe-Leu-OEt%: 4
4A715L ¢37]el HBr/CH,COOHE % 7}éte] Phe-Leu-
ORt= A Z%t} #9212 Z-Try-Gly-Gly¥ Phe-Leu-OFt#
thermolysin©. 2 $/d38l% Leu-enkephelinf =4 ¢! Z-Tyr-
Gly-Gly-Phe-Leu-OEto}] A AstA #}. oluf whg-&} 2
Fol e 42 aggaretE 1S (HPLC) & 3

H.N-CH~-CO—HN-CH,—COOH
(Ala—-Cly)
protease
CH,
H,N—CH,—CO—HN-CH—NH,
(Gly—Ala)

Mol vhgah, ol g Euhiiai: <lute i pHE 258
ZH3} acetnitrile/water(60/40, V/V) & AH&-8ko] Uv 4
Z7\% 254nmell X SAEH WSS 717 N-benzylry

carbonyl, tyrosine?} phenylalanine® 7] §¢] ek %4

L-Tyr Gly Gly L-Phe L’r“
(A | oBut
Papain
- SR S il L S
Hz2/Pg
PR —_— 108t 7+~ —loEt
a -Chywotrypsin 'ysin
Z —0But e -——[—Oft
HBr/
CH3000H
- — 8 A
Thermolysin
—0FEt

Fig. 4. Outline of the synthesis of the precursor of Leu-
enkephalin. Z is protecting group for the amino
terminal. OBu' and OEt are protecting groups for
carboxy! terminal. The peptide bonds I "ween L-
Tyr and Gly, and Gly and Gly were systhesized
with a-chymotrypsin and papain, respectively.
The bonds between L-Phe and L-LeuOFEt, and Gly
and L-Phe were formed by thermolysin. Arrows

show the removal of protecting groups.

Table 4. Solubility of protected condensation products

Condensation products

Solubility (uM) **

Ac-Phe-Leu-Nh;
Z-Phe-Leu-NH,
Z-Phe-Leu-OFEt
Z-Phe-Leu-OBu'
Z-Phe-Leu-NHCsHs
Z-Phe-Leu-ODPM

10*
27
17
1.7
0.8
0.03

** ! water system containing 10% dimethylformamide(pH 7.0).

A4y ) 5
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Table 5. Peptide synthesis yields on free and immobilized enzymes

Products Yield( %) Enzyme
Free enzyme Immobilized
enzyme

(1) Z-Lys-(Z)-lle-OMe 100 100 thermolysin

(2) Z-The-Trp-OEt 73 43 papain

(3} Z-Thr-Trp-Val-NH. 100 100 a-chymotrypsin

(4) 7-Leu-Phe-OMe 100 100 thermolysin

(5) Z-Met-Leu-Phe-OMe 100 100 thermolysin
Abbreviation
Ac - acetyl
Z " benzyloxycarbony!

OEt ! ethylester

OBu' ! t-butylester

OMe ' methylester

ODPM ! diphenylmethylester
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