CHAPTER II

EXPERIMENTAL AND RESULTS

dimethyl sulfoxide v "';; i @ifed fxom Fluka Company.

t-BDC—Lﬁnlanina—‘QP [BﬁH 5 —Butyl-uxg-carhr'yl—L—alaninefp—n1tra-

1KLL AL A S

were obtain8d from Prafansnr Dr.Bela Tarna; of La Trnhe University in

"*““ﬁlﬂ']Mﬂ‘ifUNWI’mmaEl

2.1.2 Purification of solvents

1. Tetrahydrofuran (THF) 2.5 litres was distilled over

10 g. of cuprous chloride and stored over a type 5A molecular sieves (17).

2. Triethylamine 200 mls. was distilled over sodium pellets

and stored over molecular sieves (18).
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3. Chloroform was stabilised to light by the addition
of 1% of ethanol. To remove ethanol, it was shaken for one day with
anhydrous calcium chloride, filtafad and distilled, neglecting the

turbid first runnings. Purified chloroform was used immediately (19,20).

4. methanol : The small residual amount of water was

removed by treatment with magn@dibim methoxide. In a two litres flask

fitted with a reflux con@ 2 /ﬁ’q tube was placed 5 g. of
5-g« of icd neﬁlls. of methanol. The

mixture was warmec g€y hath vn _,“" iodine color disappeared

and vigorous evolut : rogern eecourre \ ter the methoxide has

been formed ; 1 1lit nd the mixture was heated

to reflux for 30 min en distilled, with

A

precaution taken to p (21).

2.2 Instruments used |

The melting po "?q _;__;'_' sed with a cover glass sample

holder electrotheemal

neter : re used for pH measurements.

pH u-—s:

— Wﬁﬂﬁ%ﬁ e R
R N ANE0AY

§The following instruments were used

NMR and Elemental Analysis respectively :-

uv-visible spectrophotometer, UV-240 Shimadzu with 10 mm.-
matched quartz cells- and was fitted with a thermostatic cell

compartment, operating at 37 % 0.4°C
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Infrared spectrophotometer, IR-440 Shimadzu

Fourier Transform NMR spectrometer, JHM-FX 90 Q JEOL at 21.1

tesla.
Elemental Analyzer, 240C Perkin-Elmer.

2.3 Syntheses

2.3.1 General

A -5°C solmbd e (12.5 mmoles) and an

N-protected amino . dry THF was added to

a solution of e in dry THF at -10°C.

A N
The solution was®E r jiog, B migates [@#°C soclution of an amino

compound (13.8 m wls added quickly with

stirring. The scoluyffioglwiis alilow etir W@t room temperature for

10 hours. The solve sfluced pressure and the

residue was taken up 0 ml.). The organic layer

was succﬂssival_ washed-with 55 ml.), water (65 ml.), 1M.

HC1 (65 ml.) rebfectivelv—fkwas—ditad-by-usitlg a dehydrating agents.
t y: |-!‘ ‘ 9
"h-""‘- Presslite to yield a white solid

;,l ¥

or oil. The product-‘-was pux::.fied either recrystallization from a

s BRI ST —

using Bilm gel as ahsurbe:it and SCIH-IEOH in CH cl a.s an eluent. The

) W RN 8 IHA AP B

had the expected H NMR spectra and correct microanalysis.

The solvent was
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2.3.2 specific Procedures

2.3.2.1 Preparation of t—BDC—A—HH—Cal-Il? (Compound 11) (22)

The solution of t-BOC-A-OH (0.95 g., 5 mmoles) in dry THF
(12.5 ml.) and triethylamine (0.7 ml., 5 mmoles) was cooled to -10°C

before ethyl chlorcformate (0.94 ml., 10 mmoles) was added. The

solution was then stirred =5 (activation time) at -10°C

before a solution of Jeky Se9" , 15 mmoles) dissolved in

20 ml. THF and triethvylamine .}‘ 1es]' was added dropwise.

After g = to stir at the room

temperature for ed under reduced

pressure. To the g th 75 ml. ethyvl acetate

and 5% Ha}ma (25 m

ethyl acetate layer

Ng for extraction. Then the
@&d with water (25 ml.).

1M. HC1 (25 ml.) and tively. After drying over

anhydrous Na.z'&t':-q , eva ,_a-f. hyl acetate, to yield a

light yellow oiliS {1 05 &, J0%} b o = 264-0f ; °C. TIC : R, = 0.68
L I:.,

{cmlfﬂa{mfﬁwn .

J 1)
AUt INENINYINg
AN TUNNIINGIAY
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2.3.2.2 Preparation of t-BOC-A-NH-C (Compound 12)

1021

A solution of ethyl chloroformate (0.94 ml., 10 mmoles) in
<
THF - (25 ml.) was stirred and cooled to -10°C. To this was added
dropwise over 3 minutes, a previously cooled (-10°C) solution of

triethylamine (0.7 ml., 5 mmoles) and t-BOC-Ala-OH (0.95 f£., 5 mmoles)

\\/

stirred at -10°C for 8 minutes

“’-i'acylamina (2.36 g., 15 mmoles)

5 then stirred at the room

in THF (12.5 ml.). The m
(activation time) befgre
in THF (30 ml.) waswas

temperature for 10 ha ¢ Eo1% '8 xemoved under vacuum. To the

white crystalline g#li & added e _-Viq-te (75 ml.) and 5% NaHCO
{25 ml.). :

Followigh , ;i;[a jing nd :ga separation, the ethyl
acetate layer was - J» 1IM.HC1 (25 ml.) and
finally with water over anhydrous Na,so,
evaporation of the ethy-, d a white crystalline solid
(0.98 g., 60%)g m. D =562 _ CTrY S Mg ) solvent : ethyl acetate :

)

Hexane (1:3). E'I“r B5:10:5,v/v)

¥

ﬂ'lJEl’JVIEWIﬁWEI’]ﬂ‘E
amaﬁﬂmumwmaa
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2.3.2.3 Preparation of t—BﬂC—h—HH—Cl aHag (Compound 13)

A solution of ethyl chloroformate (0.94 ml., 10 mmoles)
in THF (25 ml.) was stirred and cooled to -10°C. To this was added
dropwise over 3 minutes, a previously cooled (-10°C) selution of

triethylamine (0.7 ml., 5 mmoles) and t-BOC-Ala-OH (0.95 g., 5 mmoles)

After : SIhtan sPig-. at the room temperature
for 10 hrs., the : 4 refloved unflerstacuum. To the white

crystalline solid s daded W71, ad : * ml.) and 5% namoz {25 ml.)

separation, the ethyl
acetate layer was wasShg 3 wak 258mlR) , 1M.HCL (25 ml.) and

finally with water (28" ml<y ;if 3 Jlover anhydrous Hazso 4 evaporation
of the ethyl acetate, yiil ,, stalline solid (1.25 g., 65%)

m.p. = 72-T4°C N B = 0 e e Mo

‘;d ¢ B5:10:5, v/v)

] U
AULINENINYINg
ARIAATAUNNING 1A Y
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2.3.2.4 Preparation of t—EGC-v—HH-Clzﬂzs (Compound 14)

A solution of ethyl chleoroformate (0.94 ml., 10 mmoles) in
THF (25 ml.) was stirred and cooled to -10°C. To this was added
dropwise over 3 minutes, a previously cooled (-10°C) solution of

triethylamine (0.7 ml., 5 mmoles) and t-BOC-Val-OH (1.085 g., 5 mmoles)

in THF (12.5 ml.). The mixtied Mg stirred at -10°C for 8 minutes

(activation time) beforB.a Soluts acylamine (2.8 g., 15 mmoles)
A5 "-7 : — J

the room temperature for

To the white crystalline

ﬂaHCG3{25 ml.)

separation, the ethyl
Y, IMHC1 (25 ml.) and
finally with water (28 mijii< Afte over anhydrous Na,SO, evaporation

of the ethyl acetate, »ﬂ;ﬁﬂf 1 stalline solid (1.35 g., 70%)

AULINENINeINg
ARIANTAUNMNINGIAE

011883
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23
2.3.2.5 Preparation of t-BOC-V-V- NH—C12H25 {Compound 15; !

There are four steps of reaction involved in this
preparation. The method of this preparation is schematically described -

below :

Valine Valine methyl ester HC1l

| 1
‘ “/./)- =V-V-0Me

— ‘
BEE~-V-V-0H

1

NH_C12 25

Step 1 fPoBpfva {El‘ o'V t‘hyl ester HC1

Into a s ine (12 g., 0.1 mole) in

dry methanol (120 ml, bubbled through until it was

saturated, keeping the sg 2 -5°C or lower at all time.

The saturated H Iolution was then"Stopperes-and allowed to stand
— — = 1. ‘
]

feloved under reduced
’I

iF |
ipitatad salt was dissolved in dry methanol and the

for 2 days at b
pressure. Any pre

e 18] S SRS e e

of the hydr@fhloride salt of valine mﬂthyl ester [11 9 g., 90%, m.p.=

”“’ﬂ”ﬁ"’rmﬁfﬂﬁ‘ﬂﬂ?ﬂ 18 Y

Step 2 : Preparation of t-BOC-V-V-OMe

The solution of t-BOC-V-OH (4.34 g., 20 mmoles) in 20 ml.
dry THF and triethylamine (2.8 ml., 20 mmoles) was cooled to -10°C
with stirring before the addition of ethyl chloroformate (1.9 ml.,
20 mmoles). The mixture was further kept at -10°C for 20 min. with

continuous stirring. To this solution was added dropwise a solution
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of valine methyl ester HCl from step 1 (4.64 g., 20 mmoles) in

15 ml. THF, 2 ml. water and triethylamine (2.8 ml., 20 mmoles).

The solution was stirred continuously for 15 hrs. at room temperature.
The seolution was then placed in a separating funnel and 70 ml. ethyl

acetate and 25 ml. water were added. The organic layer was collected

and the agqueous layer was extiacked with a further 160 ml. of ethyl

acetate. The combined o LY then washed with 30 ml.

@ ml.) respectively and

ahhhksalvent was removed under

e

reduced pressure to Wixyiwiite sokdd of t-BOC-V-V-OMe (5.14 g.,

. il

A solutiafl ¢ % i

made from step 2, in | f;;—_};u-l ) was cooled to 0°C, 1M.NaOH
{22 ml.) was added, __ﬁj,‘-"“'"‘r Be then stirred for 5 hrs. at

room temperatu \ he gelatinou: recipitatadwis formed and was acidified

**" — A
|

misture was kept at 4°C
overnight, and ex racta& three t:unes with a mixture of ethyl acetate

(75 ml.), ﬁ ﬁﬁ’}w Wﬂ? The ethyl acetate

layer was aﬂarated and thﬂn the ﬂalvent was ra:mvaﬂ under reduced

~QRTNITIRISMIINY TN Y -

Step 4 : Preparation of t-BOC-V-V-| l~lI-I-«L‘,:|_2HZ5

with 1M.HC1 unﬂe

The ethyl chloroformate (0.94 ml., 10 mmoles) in THF
(25 ml.) was stirred and cooled to -10°C, and added to a solution of
triethylamine (0.7 ml., 5 mmoles) and t-BOC-V-V-OH ; was made from
step 3, (0.82 g., 2.6 mmoles) in THF 12.5 ml. The mixture was stirred

at -10°C for 8 minutes {activation time) before a solution of
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dodecylamine (1.4 g., 7.8 mmoles) in THF (30 mls.) was added. After
allowing the solution to stir at the room temperature for 10 hrs.,
the solvent was removed under radti-::aﬂ pressure. To the white
crystalline solid was added ethyl acetate (75 ml.) and 5“1;1-!!:03
(25 ml.) and the mixture was shaken thoroughly a few times. The ethyl

acetate layer was collected a

washed with Hzﬂ (25 ml.), 1M.HC1

(25 ml.) and finally witHiH.O\ 12 fter drying over anhydrous

Na,S0,, the ethyl ac&ts ‘ ;éd the solid was

recrystallised from “hexa: 1:3) to form white

crystals (1.27 g.%

MeOH/AcOH, 85:10

ﬂumwmwmni
ammﬂimumawmaa
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(24)

2.3.2.6 Preparation of Suc—A—HH-CleES (Compound 16)

There are three steps of reaction involved in this

preparation. The method of this preparation is schematically decribed

below:

£-BOC-A-OH t-BOC-A-NH-C_ _H

12725

_,/../-‘- e ::121:25
ot ' \}‘\\}i\% ~€12%2s

C12ta5

Step {Compound 9)

N
A sol 0.94 ml., 10 mmoles) in

THF (25 ml.) was |, To this was added

dropwise over 3 min (-10°C) solution of

triethylamine (0.7 mll, -BOC-A-0OH (0.95 g., 5 mmoles)

in THF (12.5 ml.). Thegni=t ad at =-10°C for 8 minutes

(activation tim ;. — or .:I' e (2.8 g., 15 mmoles)

in THF (30 ml.) w: '; addes TG 'y solution to stir at

the room temperaturg for 10 hrs., Bolvant was removed undexr
e el 8 ANBN a;wm 25 TR
ethyl acetate (75 ml.) and 5§ uamo 35 ml.) and 1|:'l thoroughly

CAEANAIOI AN B B

water t25 ml.), 1M.HC1 (25 ml.), and finally with water (25 ml.).
After drying over anhydrous Ha2504 evaporation of the ethyl acetate,

yvielded a white crystalline solid (1.18 g., 66%) m.p. = 67-69°C.
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Step 2 : Removal of £-BOC from t-BOC-A-NH-C H,.

t-Boc—h—ﬂH—cqus from step 1 (0.6 g., 1.76 mmoles) was
dissolved in a saturated solution of HCl in ethyl acetate (8 ml.).
After 2 hrs. of stirring at 25°C, the solvent was removed under

reduced pressure and the residue was dehydrated in a dessicator over

Step 3 :

A mix
from step 2 and s 3 B i \ mmoles) in 250 ml. CHCl,
was stirred for ﬁﬂ rs T;h}vﬂ" v ay ration of the solvent.

After thorough tritugt _'-a Lhgsresidae | ffh 400 ml. water for
5 hrs., the product 7 i stalline powder (0.4 g.,

80%) m.p.=100-103°C. TIGAIR w0 HC1 ., /MeOH/ACOH, 85:10:5,v/v)

w
i

AuEINENINgIN3
ARIANTAUNNINGAE
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2.3.2.7 Preparation of Suc-V- HH-C12H25 (Compound ].".J'JE:?‘I':II

There are three steps of reaction involved in this

preparation. The method of this preparation is schematically decribed
below?

t_, - . e ==
BOC-V-0H t-BOC=-V HH-CIZHZE

W/ v HH-cn ok

g -V - HH-Cl 2l-7l2 5

=C12055

in 2.3.2.4 (Preparation

il t-BOC-V- Hﬂ_clﬂ H25

t-BOC-V-}§ M. BIp p'® (0.675 g., 1.76 mmoles)

was treated with a satuf of HC1 in ethyl acetate (8 ml.).

After 2 hrs.‘;F;_ ing at 25°C, the solve . was removed under

([ ]

reduced pressures aked in a dessicator over

J|
HaOH pellets f~{'24 hrs., to give a white _M stalline seclid (0.45 g.,

A2V e P
ARTRNT A IV

A mixture of V- HH-C12H25 (0.42 g., 1.3 mmoles) was made
from step 2 and succinic anhydride (0.5 g., 5 mmoles) in 250 ml.

CHEJ.3 was stirred for 20 hrs. Then the solvent was removed by
evaporation, after thorough trituration of the residue with 400 ml.

water for 5 hrs., the product was remained as the white crystalline

powder (0.53 g., 72%) m.p.=180-182°C., TILC : Rg = 0.45 {CHClanEOHfhEDH,

85:10:5, v/v)
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2.4 Purity Verification of the synthetic peptides

The synthetic peptides were readily purified by recrystalli-
sation several time from various solvents until their sharp melting
points were obtained. The purity of the synthetic peptides was

further verified by thin-layer chromatography and elemental analysis.

The experiments and res s \\ Wﬁ&ﬂtib&d in the following section.

2.4.1 'ﬁ-...‘ " chrofie j s *- - of the synthetic peptides

26, 27) was employed to
determine the ¢ materials and the synthetic

peptides by u€ coated with silica gel

§ \\ \ ately 0.2 mm. Spot on the
\

TLC plates apppbxighte e _ \ the starting materials and the

(60F Merck) an
synthetic peptid tate Whieh was equivalent to about
0.001 g/ul. The developed several times on

different solven IE - ar Lot , of e solvents., By camparisons

the differe '5 =

their corre Bpﬂing =

was ascertained g#hat the synthefic peptides were purely formed since

e ﬁmm NUNSHLLIANS vicnont catring ren

?*ﬁﬁ”ﬁiﬁﬁ“iuumm 2248, ...

Purities of the synthetic peptides can also be verified by

Fé starting materials and

ptides u@ar the same TLC system, it

the method of elemental analysis. Percentages of carbon, hydrogen,
nitrogen and oxygen content in these substances were analysed and
compared with those calculated ones. The resulting were shown in

Table 2.1.



Table 2.1 The elemental analysis of synthesised peptides

No.|] Compound Elemental Analysis (%)
c H N O
11.| t-Boc-a-NH-c, 64.00 | 10.67 | 9.33 |16.00
64.02 10.70 9.31 16.08
12.] t-BOC-A-NH-C Cf o C R JOMNT ©5.85 | 10.98 | 8.54 |14.63
65.74 | 10.95 | 8.50 |[1a.s2
13.[ t-Boc-a-nm-c_, 68.75 | 11.46 | 7.20 |12.50
68.69 | 11.38 | 7.31 [12.48
14.]| t-BOC-V-NH-C Lo i ) | 68.75 | 11.46 | 7.29 | 12.50
; .70 | 11.42 | 7.25 |12.43
15.| t-BOC-V-V-NH- %7.08 | 10.97 | 8.69 [13.25
19 10.89 B.72 13.09
16.| suc-A-nH- KLalc. for C 64.04 | 10.11 | 7.86 |17.97
ﬁudww%“ﬂmm
17.] suc-v-s-cH calc. fér C,.H,.0 65.62 Jon0.42 | 7.29 | 16.67
ARTRIPSUNRITNYAR Yoo [ 1 |
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2.5 Structural Elucidation of the synthetic peptides

2.5.1 By Infrared Spectroscopy

Infrared spectra areuseful to interprete empirically the
structure of the compounds by observing their functional group

frequencies and finger prints. The spectra of these synthetic peptides

were compared with spectra’ e gimilar skeletoned known compounds.

The IR spectra of : 5 r assignments of various

Table 2.2 to Table

AULINENINYINT
RINNIUUNIN Y
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=1
wavenumber (cm )

Fig. 2.2 IR spectrum of compound 11 {1iguid film on XBr cell)
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Fig 2.7 IR Spectrum of compound 16 in KBr disc.

Table 2.4 Ags marve | SF: h \\ s important bands in the

Band

(em. 1)
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e R

A560-2890

1348

2965,2890

1700,1640

1550 q
1452,1420
1265,1260

T20-612

oy ﬂ
rie H-H stretching nm:l symmetric N-H stretching

ﬁT‘IIEIﬁ NEMaNEIN].....

stretching (amidegl band) was gpupling with N-HlFending (amide I1I
AR R IV
N-H in plane bending (amide II band)

C-N stretching and N-H bending (amide III band)

C-N stretching and N-H bending (amide ITI band)

N-H out of plane bending (amide V band), and 0-C-N bending (amide IV,VI

band) , and C!-I2-chain moreé than 4 carbons




Fig 2.8 IR Spectrum of compound 17 in KBr disc.

L =11
m
1540
3340
Table 2.5 AgBighm 2t o f h Tious important bands in the

Band

{cn:]'l

L !

3540-2890
3340

2987,2890
1698,1660
lﬁiﬂqq
1466, 1460
1380,1360

731-621

o-H sErete —
antisym 1I rie H-H stretching and Bmtm H-H stretching
(H-H n':ref secondaryy gmine group)

ﬂ%’ﬂ O W-&’] L&

ﬂtml:ch.lng [n.n.i.de I band) was uoupling with H«-H bending (amide II

€=M stretching and H-H bending (amide III band)

C-H bending bands characteristic of -‘:Ha- and CH

H¥-H out of plane bending (amide V band), and O-C-N bending (amide IV,

VI band), and cuz-nhnin more than 4 carbons

31
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2,5.2 By HNuclear Magnetic Resonance Spectroscopy

Structures of the synthetic peptides can be elucidated by
using the proton and carbon 13 NMR spectroscopy. The sample was
dissolved in a suitable solvent prior to the operations. The proton NMR

is able to characterize the aliphatic and aromatic proton patterns

complement while the C-13 NN '|| #nfl icates the number of carb-c;n atoms

and their positions. H |||!' . 2_obtained from a FX 90 Q Jeol
Fourier transform NM*;:v;;; eter Ll s@sult with their corresponding
assignments of ea - e presented both of the
proton and carbon ig. 2.24 and Table 2.6 to

Table 2.3 respectivy

AUEINENINgINS
PRI TUUMINYAE
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Fig. 2.10 1H NMR spectrum of compound 11 in CDC13
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2.6 Enzyme Kinetic Experiments

2.6.1 Enzymatic Assays

The spectrophotometric method in these enzymatic assays
was basically similar to that for trypsin and chymotrypsin. The

hydrolysis of BAN was followed by the decrease in absorbance at 400 nm.

assays which were car =240 Shimadzu with 10 mm.

matched gquartz-cel eter equipped with a

thermostatic cell 18"assayed according to

the method of Vis te was added 30-150 ul.

of BAN (2 mM in Sg ffer (pH7.5) to make

a final volume of eymally equilibrate in

the spectrophotomete

I‘h'

on for 20 minutes, the rate

followed by addition of

BAN. After vigorous w

; =—
of production of_pnni o r.yﬂﬂgff*f ollowed by measurement of

the increase in pliserbances "—"‘““"‘—"'—,;&. was recorded.

) Y:.

2.6.2 E_ftﬂt of enzyme concentratiof
']
NI ALY
earliest tm e n vb su after mixing the
[ e/ :
O MDNARIVE e [)NT L
CGHCEHE:IE kine js. o r. Y z;l) ion to

proceed, on whatever scale, certain fundamental conditions apply.

For all enzyme processes, assuming the correct temperature, length
of reaction time relationship, a medium at the pH optimum and constant
substrate concentration, the rate of enzyme reaction increases

linearly with increasing the amount of enzyme as long as the
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concentration of enzyme is much less than that of the substrate.

The determination of the effect of trypsin and chymotrypsin

concentration was carried out by the following procedures.

(a) Enzyme stock solution An enzyme concentration (0.2 mg./

ml. for trypsin and 0.1 mg./ml. fr::u:' chymotrypsin) was dissolved in

(L) ; dk salfifeden oA 2 mM of BAN, the elastase

substrate was

The 0 o fahizyne 8¢ 5 were prepared in Table 2.14

No. BAN
(p1)

4 150

2. 150

3 2 | 150

a. I u ELQ Q'(' 150 ‘ 150

150

R mmmum’mmm

T 2 x 500 1000 300 150
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(c) Assay Method

The sample cell contained enzyme, while the reference cell
had no enzyme present. The total volume in each sample was 3.0 ml.
An incubation time of approximately 5 minutes at 37°C was allowed

after the addition of substrate in DMSO to both the reference and

The rcSUIEE"E Ypsiil ARE"ERYmotrypsin concentrations are
shown in Table 2,15 eetively. They were tabulated
in Fig. 2.25. W 2.25 showed the initial
velocity of each 4 hﬁ:ing amount of the enzyme.
Thé first part ofjfh *'““;r relationship between the
reaction velocity j ‘31xg=£ the enzyme. The maximum and
constant initial vel _J__ stailled above 500 ul. of the added
enzyme. Hence the aﬂdi ------ & @l. of each enzyme was selected as

the optimun m;;; ntrat th tire experiments.

ﬂ'lJEl'WIEWIﬁWEI']ﬂ‘E
ammnmumaﬂmaa
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Table 2.15 Initial velocities as a function of varying the
trypsin concentration -

Amount of Initial Velocities( A Abs/min)

trypsin (ul) (1) (2} (3) average
100 0.921. 0.016 0.018
200 0.035 0.034
300 0.060 0.058
400 .081 D.082
600 +109 0.110
800 0.120
1000 31 0.128

Table 2.16

Amount of g2/ ( A Abs/min)
chymotrypsi average
{pll
(4
F U Tﬁil‘hm 4 g1k b
200 ql 0. " 061 0.062
¢
ARSIV A e
q40 ' 0.1 0.123 p 0.124
600 0.171 0.175 0.170 0.172
800 0.189 0.190 0.185 0.188
1000 0.194 0.120 0.192 0.192
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Velocity ( A Abs fmin )

800 1000
| enzyme added ( pl)

Augangningng.. .

¢

RININIUTNINE Y

rypsin (0.2 mg./ml.

O Chymotrypsin (0.1 mg./ml.)
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2.6.3 Effect of substrate concentration

The initial velocity is also dependent on the concentration
of substrate in the medium but the dependency observed is not as
straight forward as that found on changing enzyme concentration. For
a given amount of enzyme under standard conditions, the initial

reaction velocity varies wi increase of initial substrate

concentration. be increased indefinitely by

raising the amount

The study bstrate concentration on

trypsin and chymot P arried out by varying the

substrate concentraf.

Table 2.1% 1e function of varying

No. HEFES DMSO BAN
(pl ~ (pl) (ul1)

_'-P— F

I-Yi'
1. | 2 x 500- 445 5
2. | 2 x so0 2 x 525 440 10
5 ﬂ ‘H’Ef’r]‘l‘l B 1 W‘Eﬂ P i
4. % so00 2 x 525 500 420 10
P= (Y,

*’QW’?N“?WN 11PN IRE |
6.9] 2 x s00 2 x 525 500 340 110
74 2 x 500 2 x 525 500 300 150
8. 2 x 500 2 x 525 500 260 190
9. | 2 x s00 2 x 525 500 220 230
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The assay procedure was carried out as described for the
assay of enzyme concentrations. The results of the effect of
substrate concentration on trypsin and chymotrypsin activities are
displayed in Table 2.18 and Table 2.19 respectively. The corresponding

plots appeared in Fig. 2.26. The reasoning can be simplified as

follows : while free enzym / {lable, an increase in substrate

Hig te, but when all enzyme
J

#WEir total effect will be

concentration will r:f
molecules are saturates
exerted, giving the i _ 2 f-‘-\ -’{\-4.;; result appeared in Fig.
2.26 showed the pla# o .
added .amunt of thghs

were cobtained abovegd3C : solution. Since the
velocities did no ' an excess volume of the
substrate solution, 1 \ cubstrate solution was

adopted throughout this

AULINENINYINS
PIANTUAMINYAE



Table 2.18 The effect of various substrate concentrations

on the initial velocities of trypsin

Amount of Initial Velocities ( A Abs/min)
substrate {Pl} (1) {2) (3) average
5 0.027 0.029 0.028 0.028
10 } 0.052 0.053
20 ECECRN .085 0.086
30 | 0855 y 0.103 0.101
70 : 28 0,113 0.115
110 " . ‘ | 2. ﬂ' 122 0.120
150 ToF T ER SN, R \\? 125 0.126

190 ] ;-..- L < TR0 Fli"- ] \ 0.124 0.127

230 7470 sy | 0.126 0.126

Table 2,19 E, z 5 Ous substrate concentrations

af chymotrypsin

-

&

Amount of = - Lt ok acities ( A Abs/min)
‘] i#
substrate {Pli (3) average
5 .HFIJFJ::i 0.045

10 0.076 € | o0.072&x| o0.074 @) o0.074
PN EIIPLARY <
30 0.131 0.135 0.130 0.132
70 0.144 0.139 0.137 0.140
110 0.152 0.150 0.148 0.150
150 0.154 0.157 0.154 0.155
190 0.155 0.156 0.157 0.156
230 0.158 0.158 0.155 0.157




Velocity ( A Abs /min )

55

] 1 1 1
1o 150 190 e 230

-
-

|-"":.

¥
Fig. 2.26 Th? fect of B‘l.‘lh ate concentration (2 mM.)

A u{l@ %B%Wiﬂﬁ}ﬁ‘im

® trypsing

amamww'rmmaﬂ
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2.6.4 The optimum pH of the enzyme activity

The pH dependence of the trypsin and chymotrypsin activities
for studying the optimum pH of the enzymatic reaction was determined

as follows :

(a) Enzyme stock sclution : trypsin and chymotrypsin were

1l. respectively. (using the

assayed at 0.2 mg./ml.

optimal amount of enzymé

(c) B ifferent pH values

were used containg 37°C and the pH adjust-

ment was done by .00-9.00.

For the & tQ\\ imam pH, the following

solutions were preps

ﬂﬁﬂﬂ SNINPINS
ami@m B InAay

The assay procedure was carried out as described for the

assay of enzyme concentrations. The results obtained are shown in
Table 2.20 and Table 2.21. The corresponding plots are presented in
Fig. 2.27. The maximum and constant initial velocities were cbtained

in the range of pH 6.7-7.2 (max. 7.0) for trypsin, and of pH 7.4-8.05



{max. 7.5) for chymotrypsin. In this research, the optimum pH of

each enzyme as indicated were therefore employed in all the entire

experiments.

Table 2.20 Determination of the optimum pH for trypsin

Observed pH

5.20
6.01
6,51
7.04
7.52

8.05

\ i itial Velocities( Anabs/min)

(3) average
0.024 0.025
0.034 0.037
0.049 0.050
0.116 0.116
0.097 0.098
0.084 0.086
0.045 0.042
0.014 0.016

!

)

57

gﬂ%:m m pH for chymotrypsin

U

@nitial veleocities( A Abs/min)

) average

;.i g - ﬂ:ﬁ gp]iﬁ’ 0.045
ARIRINPEUINTINYIAEY ...
6.51 0.103 0.107 0.102 0.104
7.04 0.162 0.159 0.159 0.160
7.52 0.198 0.195 0.195 0.196
8.05 0.135 0.132 0.135 0.134
8.56 0.116 0.113 0.113 0.114
9.03 0.043 0.038 0.039 0.040




Velocity (A Abs/min)
o
8
1

2
:

0.020+

o HEIIHHN T WEAYF: o

IO]ChYMtPP sin as a function af

amaﬂnimumfmmaﬂ
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2.6.5 The optimum temperature &f the enzyme activity

For the investigation of the effects of temperature on
trypsin and chymotrypsin activities, the assay procedure was
essentially the same as described for the assay of enzyme concentra-

tions and the optimum pH for each enzyme. The temperature was varied

from 12.75 to 70,03°C in gl ymes system.

The optim rypsin and chymotrypsin are

et

/ Ta 1e their curves were plotted

AN SN temperature of both

presented in Table'

in Fig. 2.28. It w

enzZymes was essey is optimum temperature

was used for all

Table 2.2

Velocity ( AAbs/min)

Gbserved Temperat :
(O = (3) average
12.TEB . Em 0.020 0.018
20.34 0.028 o) 0-033 0.030 0.030
At T BRIEN T | oo
¥ .07 -097 0,092 0.499 0.096
QRARIN TPUSINAN G Vab)| o0
40.03 0.097 0.103 0.107 0.102
45.04 0.098 0.093 0.094 0.095
50.01 0.079 0.075 0.074 0.076
60.05 0.054 0.050 0.052 0.052
70.03 0.004 0.003 0.005 0.004




Table 2.23 Determination of the optimum temperature for

chymotrypsin

Observed Temperature

{°C) (3) average
12.75 0.024 0.022
20.234 0.041 0.038
30.01 0.090 0.091
35.07 .0.137 0.140
3g.10 0.146 0.148
40.03 0.145 0.143
45.04 0.137 0.138
50.01 0.133 0.134
60.05 BT : 0.110 0.112
70.0 d.054 0.053

AULINENINeINg
PRIAATUUMINYAE

60
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2.6.6 Determination of the percentage of inhibition of

synthetic inhibitors

The experimental conditions described in this section
were followed by the optimum conditions obtained in the previous
section. The elastase substrate BAN 2 mM was dissolved in DMSO,

Buffer, HEPES 0.1 M was usi-] taining 10% DMSO, 0.05 M.NaCl at

" XA #sfipnas exanined to follow up the
activities of tryps-,f,‘ - 15 0.2 mg./ml. and 0.1 mg,/ml.
respectively. The ice water bath during

the experiments. U mM were dissoclved in

DMSO, and the tot: to determine the ID__..

50
For the - nhibition, the following

solutions were pré

r‘rx—{ "r:‘_J -.

=

-,

o=,

RIANTIUNRIINYAY
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Control Run :

Sample (nl) | Reference (pl)

HEPES 2 x 500 3 x 500

Inhibitor

eference (ul)

Yemmmme— A9

i-;tﬁi NORINYINS
RN I BTN Y

control reference has no inhibitor or enzyme present.

iF |
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The sample cell contained enzyme plus inhibiter, while the
reference cell contained only buffer and inhibitor without enzyme .
An incubation time of approximately 5 minutes was allowed after the

addition of substrate in DMSO to both the reference and sample cells.

Percentage iphibition was calculated by comparing the rate of

the release of absorbing speci § produced in the samples with and

without inhibitors. The ibited in Table 2.24,

AUEINNINEINS
ARIANIUR NGNS
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Table 2.24 continued

&8

| —

2 ////%‘S\\%\ d ~ 3%
V/Q\\\\ SHEEE

-”w :

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

- means not determined,
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2.6.7 Determination of the type of inhibition and the values

of kinetic parameters.

The type of inhibition was determined by a Lineweaver-
Burk plot. Initial velocities were determined by varying substrate
concentrations (0.02-0.1 mM.) at 3 fixed concentrations of the

inhibitors. Samples were made un the same way as for trypsin and

against 1/[S] in & W :.M urk p re as the slope of each
of these line (K /V ¢ against) canc H“tﬂ:n of inhibitors being
used, gave the valugfoil il e iﬁg_ =i‘bﬁck to the [I] abscissa.
The interception®boifits _:.: IYvE axds af the Lineweaver-Burk plot
against the conced€raffighs i,{; iFOXS belng used, gave the K, by

extrapolation back £o JI] ahdcis: cApputer programma was used
s

to calculate the values B -

p—y

T BN

The [@8s - Loy
. 7 Y | .
described in the/se eed in the determination

similarly to that

b |
of the types of ‘E!ibitian are presented intdppendix III. The results

Mg b1 11
AT TR
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Fig. 2.29L aver—Burk ﬁ ocal plots of

-
bl

% "By Trypsin (The initial
..I ¥ it

Welocities dre given as thel increase in the

séebance at 400Wnm. per minute. Each of point

AUEATENATAE.
OV RRTPFIR I UiV M-

in 0.1 M.HEPES buffer and 10% DMSO, 0.05 M.NaCl at

pH 7 and 37°C.
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Fig. 2.33 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 5 by trypsin
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Fig. 2.35 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 7 by trypsin
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Fig. 2.37 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 9 by trypsin
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Fig. 2.39 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 11 by trypsin
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Fig. 2.41 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 13 by trypsin
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Fig. 2.43 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 15 by trypsin
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Fig. 2.45 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 17 by trypsin
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Fig. 2.50 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 5 by chymotrypsin




wy

o)
18
AL
2
10
B

A’A W w-.x

7 /aé‘ﬁ‘i\ N2

Fig. 2.51 Ljifeyes iprocal plots of

v\\\v

E .a} \R 6’ by chymotrypsin
_-"' "-' ‘
'i'

quﬁﬁwsw%’ i

o

AN

1681 M (x10%)

Fig. 2.52 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 7 by chymotrypsin
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Fig. 2.54 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 9 by chymotrypsin
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Fig. 2.56 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 11 by chymotrypsin
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Fig. 2.58 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 13 by chymotrypsin



86

lllll

Fig. 2.59 J -7 : “\; *\ ‘eciprocal plots of
- g % . ]" o h

4t 525 \ il 14 by chymotrypsin
T ‘
P

1/05] H-'Ii'lﬂa]

Fig. 2.60 Lineweaver-Burk double reciprocal plots of

kinetiec data of compound 15 by chymotrypsin
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Fig. 2.62 Lineweaver-Burk double reciprocal plots of

kinetic data of compound 17 by chymotrypsin
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