CHAPTER II1

RESULTS AND DISCUSSION

3.1 Peptide Synthesis

The syntheti

s ieaearch were synthesised

i oy nhydr:l.da method of Anderson
i lobed pieTage. 1t was important at the

using the coupling
and Zimmerman (22
coupling stage g purity and yield were
obtained, so tha Aing one amino acid residue
at a time waulﬂ.u gll yield, based on the
first two amino ac ¢ the method of mixed

anhydride was used w, ﬂsr;ﬁ ; yl chloroformate to build the

amide linkage and trie e tertiary base was used as the

gl
HC1l acceptor. ,_

An actﬂr ion time of gfir15 minutes was allowed before the

s ]9 O D NUUSHEI LR S rowerion o

carried mt at -5 to -10°C¢ This optimisation condigion of the
reatb ] |3 I U1 ARETA L s oo
high pur;l.ty, as well as reduction in the degree of racemisation
occuring during the reaction. It was important to reduce the degree
of racemisation to the D-form, since the proteases are only active
against the L-amino acid, The conditions described by Anderscon and

Zimmerman were intended to accomplish this result by using specific
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activation times which were important in the reduction of racemisation.
It was also found that using the mixed anhydride method they were able

to obtain a ratio of 5% in the DL-form and 75% in the L-form. The mixed
anhydride mechanism is proposed as shown in scheme 3.1 which corresponds

to the previous report (21).

(CH,CH,) JN-HCL

% Mixed Anhydride

ﬂﬁﬁ?ﬂﬂ%ﬁﬂﬁﬂﬂ?‘z”‘

alanine (ca '.l

Qﬁﬂﬂﬁﬁﬂ%ﬁﬁﬁ?ﬂﬂﬁﬁﬂ

Sdhama 3.1 An extended fully protected peptide synthesis
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3.1.2 Removal of protecting groups

The synthetic peptides were synthesised in the course of
this research, No.9; No.11-15 that is t-butyloxy carbonyl (t-BOC)
amino acids which are frequently used as intermediates in peptide

synthesis and the reagents normally used for the removal of the

group is extremely labile by

protecting group are acidic \! I , E-BO
acidolysis and a saturated ol S8

solution of HCl in acetit acid ad the cleaving agent.

After 3 hours of S¥irrcin® o at q’*"—'l‘j_‘\ um at room temperature,

of HC1 in ethyl acetate or a

AULINENINeINg
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cleavage point
- CH 0 Q

3
] ]
CH —C-'D-C—HH-CH—C-R
3 I I 2
'Cl:[3 Rl

HC1l, ethyl acetate or HCl, acetic acid

Scheme 3§Z2e Removal of §zBOC protecting group

ﬂ‘lJEl’J'VI&WI?WEI']ﬂ‘i

itions fu:r: the Eprotec on of tha amino acid

WNTWW TR

reactidh time is required for the removal of the t-BOC amino acid.

It was found that the best time was 3 hours. The deprotection was
detected by the disappearance of the t-butyl proton peak at §1.44-1.5
in the proton HMR spectrum. Product were obtained in 80% yields and

x were used in the next step without purification.
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Removal of the methyl group from the carboxyl-terminal end

of the peptide chain required the use of 1M.NaOH as basic hydrolyte agent.

fa 2 0°, 1M. NaOH 7
R, -NH-CH-C-0-CH R, -NH-CH-C-0OH + CH.OH
1 3 1 | 3
MeOH R
2
R, = t-BOC o
R2 = amino el valine or alanine
arotecting group
iy
After gfic ol fst TrEin nl, &n alkaline solution of methanol

at 0°C, the hydro

S \\\ free carboxyl group was

achieved in 65% vie aglconfirmed by proton NMR with

the loss of the -OCH.

The carbo "’i{' ,L,,, ' f6ted by esterification (29).
Methyl and ethy _.:‘a-—--n- '—‘ﬁl ‘ bbling dry hydrochloric

acid gas through i 0 Tcid in cold dry MeOH

1I . i

(or EtOH). The amigp acid esters wera produced as their hygroscopic

s 84 A PN BT e s

confirmed theé peak of hydro?‘tlar:.de Balt of the aminu acid esters by

%ﬁ%ﬁ"ﬂ“ﬂﬁw%ﬂﬁﬂﬂmaﬂ

2 CH,~OH ?
NH_ -CH-C-CH NH ”CH-C‘OCHE.HCI

2 I |
{or C.H GH}
1 2 Rl ICEH 5}
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In the first step of the synthesis of compound 15 (valine
methyl ester HCl), valine methyl ester was introduced into the peptide
by the mixed anhydride method described by Vinogrodova(30). Valine
methyl ester was uaedlas its free base in synthesis according to the
method of Anderson and Zimmerman(22). In the synthesis requiring the

valine methyl ester, water was sed as its solvent, according to the

AULINENINYINS
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3.2 structural Characterisation of the synthetic peptides

Each of the synthetic pecptides was purified by repeated
recrystallisation from a mixed solvent of ethyl acetate and hexane.
Purity was confirmed by both TLC, which was shown a single reqular
round spot without tailing when exposed to UV radiation, and correct

elemental analysis,

The characterigal of tf @' products is always difficults,

however, it was sucCESEFETYy ac a@ﬂ:e assistance of the

modern instruments
13C MNMR.

IR spectra acteristic of an amide

by showing all the 3y and secondary amine
group. Other assignmght s & IR absorpsion peaks were described

. icant indication for the

in Table 2.2 to Table

presence of a carbonyl tf_': indicated by both IR spectra

at around 1660 emZ" oind 173.17-175.98 ppm.

Ad

The ~~C NMR revealad feng jroups in the molecule,
1 7 J:III
The number of carbc-n atﬂms in the mle{:ule was confirmed by the

e 1 ST N HAR = e o o

(Fig.2.17 to¥ig.2.24 and Tab.;e 2.10 tu Table 2. 131

q RARIATAUAIIBHARE orcrse

for the presence of t-butyl protons was clearly indicated by both

1:-[ NMR spectra at 1.44 ppm. and IR spectra was shown the tertiary butyl

group, a strong doublet peak at around 1395-1385 cm™ ) and 1370-1365 cm~t

-
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Compound 14 and 15; the presence of t-butyl protons were
clearly indicated by both 11-1 NMR spectra at 1.44 ppm. and IR spectra was
shown the isopropyl groups give rise to a strong doublet peak, with
peaks of almost equal intensity at around 1357-1360 cm ! and 1378-1380

cmﬂl because of the overlap of the methyl groups involved in this

structure,

Compound 16 @ignificant indication for the
presence of carbonylwgroup wa® :u‘;;;:;e 13C NMR. The compound
16 and 17 showed tho#Fadtiii, ak OFS& carbonyl carbon atom at the

e was always a pair of

iq}E ppm. in the 13C NMR

Other assignments '; -.—-— walll as For the 1H HMR were set

range of 175.87-17
absorption peak
spectra. They were j#iss ‘&t the lower field and

-CHz-:i-ﬂH at the hig ko their electronegativity.

in Table 2.18, 2.19, 2.1 ==a 7; spectively.

AULINENINYINS
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3.3 Mechanism of substrate hydrolysis

Peptide and synthetic ester substrates are hydrolysed by the
serine proteases by the acyl enzyme mechanism, The mechanism for the
trypsin, chymotrypsin-catalysed hydrolysis of ester, which involves

acetylation of hydroxyl group of serine 195(32) has been proposed by

g~
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HO=C—CH=NH-C 0. ---::H3
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In this research work was found that BAN, a non-specific
substrate was also hydrolysed by trypsin and chymotrypsin. The two-
intermediate mechanism (egn.3.1) has been well established for trypsin

and chymotrypsin-catalysed hydrolysis of non-specific ester substrates

under optimum conditions.

3 = rate ¢ —--— B respectively

The acyl-en characterised as an
ester of the subdts
Yy

in trypsin and ch Oy don Lo ,, similarities in

W d

|:# of serine residue

mechanism of aetiun, in alan several structural features of

e sten SRR NI G

':r.'ha pulypepti& chains form at the surfage of the enzyme molecule

g mf@fﬁoﬂﬁ SATRUNII VLAY

catalyt:. site for substrate hydrolysis. Other grouping act as the

binding sites for fixation of substrates or competitive inhibitors.
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3.4 The optimum condition for the enzyme kinetics

Trypsin and chymotrypsin activity increased with the enzyme
concentration, showing a first order relationship as shown in Fig.2.25,
For both enzyme, the limiting value of 500 pl of 0.2 mg./ml. trypsin

and 0.1 mg./ml. chymotrypsin, there ceased to be a linear relationship

between the enzyme added s velocity, while the maximum and

constant velocities 2 30 Fl' of substrate sclution.
tionsameeh® manner was shown in Fig.2.26.

\

\ conc ditions where the limiting
| ‘ \\ ingecond part of the curve

\\ locity no longer increases

The initial substr -
The first part of tl
factor is the subsg
(the plateau) indi
with continuing 1in Bion of the substrate, thus
the amount of enzymeft r. At low concentration of
substrate the reactiogl shows _ Sflorden kineties with respect to the
substrate, but later ‘becd tder when the reaction velocity

becomes indeperfig he conte fhe substrate,

The depéfide: -- ypsin activity on the
1 |

of the results are

pH of the reactidd was studied and cumparin

shown in F;ﬁ E?Eirﬁ ﬂ Erﬂ ?Wﬂjﬂl ﬂ?wmtrypsm reaction

were foun 7.9 nn 7.5 respacti.vel:,r The pH-activity curve
AT SN A o
trypsifh, indeed, the whole curve is shifted toward a more alkaline
region. For example, at pH 7.5 where the rate of hydrolysis of chymo-
trypsin is 0.196 Abs./min. of the maximal rate, the rate of hydrolysis

of trypsin is only 0.098 Abs./min. of the maximum.
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If any one of the reactants and the products of an enzymatic
reaction absorbs any wavelength in the regions of ultraviolet, visible
or infrared spectra, then it is possible to monitor the progress of
such as enzymatic reaction spectrophotometrically. In studying enzyme
reaction spectrophotometrically, it is essential that the temperature

of the cell must be contro h in * 0.4°C. The optimum temperature

enzyme loses all HETIyg %5 the p in Decomes denatured by heat.

of trypsin and chymotry is presented in Fig.2.28. Howerer,

the curve begins to perature and eventually the

AULINENINYINS
ARIAINTAUNM TN



3.5 Tetradecanocyl and dodecanoyl peptide esters

In Table 3.1 is given inhibition results on HLE, FPE, trypsin
and chymotrypsin for tetradecanoyl and dodecanoyl peptide esters.
These inhibitors tested show that the divaline derivatives are by

far the best inhibitors of HLE with high specificity. By introduction

i jor P, in place of a valine residue,

oyed and a reduction in the

activity toward HLE, - s@ observed. This indicates

7* ‘tLa ed to a tetradecancyl
NI

a preference for t teeldn
o id 7, on reduction of a

AN,
NI\,
in inhibitory actiVityF tow;  (HLE jagc ymotrypsin also occurs.

\
Ribitor is important to the

two carbon fragemen compound 4, show that

the specificity of tje and an overall reduction

This indicates that” 1
F =z
inhibitory activity of the&

The serie; 3.1 show a decrease

in the activity e™@n alanine residue is
1

introduced at P f P,. This indicates not éﬂiy that the type of

1 2
¢ Q/
amino acid ﬂWW lTﬂ;xtant, but also
that the position at which the amino acid is situated along the
¢ o Qs
W AN TN A TIVE I g, =
and act:'.vity ards our enzyme, This points out delicate

differences between the active sites of HLE, PPE, trypsin and

chymotrypsin. It is alsc interesting to note none of the tetradecanoyl
peptide esters, are as good inhibitors of HLE (23) as the very specific
tetradecanoyl divaline inhibitor, and not specific for chymotrypsin.

The increase in chain length associated with the introduction of an
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extra amino acid, and the effect that an extra alkyl side chain has

on the overall structural make-up of the inhibitor, may play important

Inhibition by tetradecanoyl and dodecanoyl

peptide et

roles.
Table 3.1
Ho.
Pa T
3 cld
4 c14-
5 c14-
7 clz- v
& cld— V-V
10 cli' vV -
(a) The

% inhibition

TE chymoTtb] (b)
FFPE trypsin trypsin
30 14.18 4]
a 52.41 V]
44 16.99 0
48 13.20 23.03
21 10.28 o
62 22,58 11.02

AU YA T e
AMIAINTUAN NN Y

nh:bition of HLE and PPE were obtained from Australia
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3.6 N-Protected amino acids and peptides

Table 3.2 iists inhibition results of dodecyl amino acids
and peptides protected at the N-terminal end by a carbobenzoxy,
t-butoxy carbonyl or succinyl group. Comparison of compounds 1, 14,
17 which differ only in their protecting groups at the P2 position,

shows a switch in specificity 2, PPE, trypsin and chymotrypsin,

Compound 1 is specific t f'y-f 41 ymntrypsln ycompound 14 is
specific to HLE, and COREour tn PPE, trypsin and

chymotrypsin. The & H~‘ 2 position of the
inhibitor was recog thus pointing out
differences between notrypsin in their

perferences to in n their active sites.

HLE preferred 'y while PPE preferred the

Z-group (23) and tryps ferred the succinyl group.

It is interesting to not iie t-BOC group closely resembles
the alkyl side chai jesembles the side

sembles the side chain

chain of phenyld"fsk =1
I
u

W

of serine.

P W e o

P, position, &Y having aiffar.gm; amino m::id residues further

diffew W ﬂ ww Wﬂ']ra %} inhibitors

give sofle information about the P, position of the inhibitor by
varying either a valine or alanine residue. The results show that HLE
preferred a valine residue at 91 since the inhibitor's activity toward
HLE has markedly increased with compound 14 while the activity toward
PPE, trypsin and chymotrypsin remained similar. This seems to fit the

cbservation that HLE prefers valine residues to alanine, much more than
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does chymotrypsin and PPE, trypsin is uneffected.

Observing compounds 11, 12, 9 and 13 which differ only at P"l
position by having different the alkyl side chain, further differences
in the role in the inhibitors differences in activities can be seen.

Percentage of inhibition of trypsin and chymotrypsin would decrease

other three enzyme - MQ that these compounds are
specific to HLE and / and chymotrypsin while
the activity of cg -//'[ \\\' \.. lar. But for compound 13,
the result seems concentration of 0.10 mM.
are reported as ingft This indicates that the
carbon chain length J6f) \\ nportant to the inhibitory
activity if does not i tory effect of compound 13,
Therefore, the prﬂfe- : s amino acids along the length of
the inhibitor By H i _} psin and chymotrypsin

Y]

lack such a “;"_

|”
J
Cumparivg of compmnda 15 and 17 ol early show the effect of

s o ] S S PR Ty oo oy v

a vﬂin& or alanine reaidue B]r introduction of an alanine
""“ﬂ“ﬁ“”lﬁﬁﬂ?ﬁﬁ‘ﬁﬁﬁ?ﬂﬁ“l 0 B
d. The compounds 16 and 17 inhibit trypsin and chymotrypsin

whilst these two compounds have on effect on HLE and PPE.

Table 3.2 gives some indication of the effect of the protecting
group in the activity of these compound toward HLE and PPE. Comparing

of compounds 8 and 9 clearly show the effect of t-BOC group at
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Py position. On removal of this protecting group, the inhibitory
activity towards HLE and chymotrypsin is reduced while that for PFE
has slightly increased and for trypsin has no inhibition at a

concentration of 0,05 mM, are reported as inactive.

Table 3.2 Inhib Y tected amino acids and peptides

SZ

HOW Inhibi o i % Inhibition
(b) ()
\ al) (a) Y
P, P, P PFE trypsin | trypsin
3 "2 "% -
1 2 -V . - 14 15.99 0
2 Z -V =V A ﬁ" .05 20 22,00 0
- N
8 NH, - A = c 2 5 15 28 0 0
£ . ‘_.;'-J;
11 t-BOC- A - HH - Gp—F—— 84 10 37.40 20.14
SIMA Y,
e
iz t=BOC= f o 35.34 12.82
9 t-an-c-m'— 0 3.1z o
13 t-BOC= R ; 2 2.68 (1]
a ﬂ.llﬂfm mw ’Lﬂ‘ﬁ o | 2 | o
YWIANTTI Nﬁ“‘l’) Ylayl 7|
16 Sue- A - NH - C, 0.10 (1] 4 39,41 17.42
17 Suc- V = NH - Cu 0.10 ] 3 66,23 50.61

{a) The inhibition of HLE and PPE were obtained from Australia

{b) These values represent the mean of four experiments
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3.7 The type of inhibition

The type of inhibition and the kinetic constants were
determined from the initial rates of hydrolysis by the Lineweaver-Burk
double reciprocal method, based on five separate substrate concentra-
tions. The result measured for wvelocity with varying substrate concen-

tration at three different i bitor concentration on trypsin and

schemes were plottedas.slowi i to Fig. 2.62 respectively.

ssion analysis the
reciprocal value ahiel ys\&o stan Km is presented.
Correlation coeff 9. The type of
inhibition of comy inhibitor constants
are summarized in trypsin and chymotrypsin
respectively. (The @luseful when comparing
strengths of binding @ enzyme and to the ES complex
respectively. (Appenc ﬂ es for BAN by trypsin and

Chymtryps in 'HB me'r' ‘U‘ﬂl?-

A J
The type E inhib .- Che s ."':I‘ etic inhibitors were

e

determined. Compoundsel and 2 are gp-competitive types, compounds 3-8,

10 and 16-1 ﬂaurﬂm&mﬁwﬂlmm 9 and 11-15 are

competitive types. The studi€s carriedut on proteiphse inhibitors

by Doa ﬁl&tﬂ}ﬂﬁ-mm QQMMitiva inhibition
with p:Ltida sequences of up to five aminoc acids. The inhibitors
developed in this research contained an alkyl chain attached to short
peptides, it was considering to find that both alkyl chain and peptides

were also reported to inhibit in the same mode.
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Table 3.3 The type of inhibition and the inhibitor

constants of tetradecanoyl and decanoyl

Inhibitor constant
Ho Inhibitor
§ Ky Qi) | Ky ()
- - e T2, .
3 Cl-l A=V 2.10 109,27
64.73 89,78
4 C:M V== 84.58 195,05
2.31 11.05
5]1¢,,-V-A- 65,18 99,41
14

non-competitive
62.92 B4.78
7] C,,=-V = V=0 Xy ' —‘. B.G9 14.95

12 e — —

A 1. tive
75.91 107.60
& ¢14 W= H 134.28 185.06

non-competitive
99,59 179.06
10 cu- ;"ql?ldﬁ ﬂ 28,92
26.99

F Y L}
i n
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Table 3.4 The type of inhibition and the inhibitor constants

of N-protected amino acids and peptides

Inhibitor constant

No. Inhibitor Enzyme Type
KIM.E Ki M. )
1 EZ=V =HH - C12 226.46
n-compatitive
198.04
2 E-V =V =-HH - - " -
' ! . 143.69
‘.‘ -. Bhpotitive
) g X ] S
Aﬁ!lh"uﬂ{\k 95.68
8 NH.- A - NH - / ‘ (a)
2 - ) L n.d.
; i ], non titive (a)
l = TP i | -I\ \ﬁ n.d.
11 | t-soc- A - Nii - o 4 drop 71.329
. A 23.76
12 t=BOC=- A - 112.85
42.11
9 t=BOC- A - 205.497
123.98
13 t=BOC- A - - C5 : 345.56
H cm@tiun
. chymotrypsin . 127.82
-—— s
14 t-BOC 153.26
e
‘] si 59.71
f
15 £- w - — 3 150.59
NWTANN IR TR
J in . 45,17
q
16 SBugc = A = HH ~ {:12 trypsin 39.58 82,34
non-competitive
chymotrypsin 25.97 14.39
17 Buc = ¥V = HH = Ci2 trypsin 5.24 9.65
non-competitive
chymotrypsin 7.97 8.13

{a) n.d. = not determined
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