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10
The kinetics of acetylcholmesterase-catalyzed hydroly51s of
‘ 1]
acetylthloeholine was stud:}:ed' polarographically. 'I‘he Km and Vma.x

va;l.ues were calculated at three dlfferent concentratlons of ACHE and

!

it was found that the system behaves dccording to the Michaelis -
Menten formulation. . - .

The. inhibttion 6f ACHE by eserine was studied at gero |

enzyme-eserin'e .inchbation time by using the polarographic and the .
. | T e
spectrophot.ometrlc met,hods The inhibition was found to be ‘ oo

competitive unplylng that no ca.rba.mylatlon of the enzyme ta.kes

place under these. condltlons. The two methods gave simllar

results ,exceptlng the percent inhibition and the 'K; values. .These -

_dilffgrences were atf_,rlbphed to the differences in the ionic stretigths

) -
5
& - * 4

used in thess methods,

-
£

—

«

e Iodide' was fourd to interfqge,with the def:emination of

-

N R ‘ o
thiqcholine., A considerable inhibitiop of ATCH hydrolysis was
observed in the 15;;e‘sem\:‘e\_'_fof potassiun iodide.

¢

. The inhibitian of ACHE by l-(L,-dlmethylamlno-2—butynyloxy)-

3-(2—px$bpynyloxy)-ben§ene me’chlodlde was st,udled by using the
o ) . x" L e # - ‘. ' [.5, - .: ‘.'"




.pqlarogrAphic method. Afterimaking corrections for lodide .

3 . - TS / ‘
g, 1nterference the inhibition was found to be noh-competltlve./Thls )
'J", 4 . is Probably due to the 1nteractlon of the trlple bond wath the . ,

cidic- group of ﬁhe'acetylated engyme. Since the iodide interferes =~ . -.. .o

. v

in the palarographlc method, the action of this compound should : :
) o A

be re-lnvestlgated by u31ng the chloride salt.
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1

' ' S " INTRODUGTION

\“ - ; e Acetylchollnegrterase (E.C. 3 1. 17) (l) 1sy

¢

found in the nervous -tlSSU.GS of all species of animals (2). It has
~ l& Al , °
also been found in places other: than conducting:t.issues where its

phy31olog1cal i‘unctlon and 1dent1t.y mth neural acetylchollnesterase

(ACHE) ate uncertaln. In man and- most other maxmna.ls such ACHE is’ I
\ H | * .t
localized a]most entirely in the erythrocyte.s, whereas the serum i

is rleh in Chollnestera;xe (E.C,3.1.1. 8) <L . .

“ . \ ’ ‘ : 1 ’ Y
The function -of ACHE is t& hydrolyze L v -
. /! o .
Aeétqu oline- I) which is found in ‘all types 'of nerves. Besides
its hyd lyt;.c act:nrlty there has been some suggestion that it .
V. ' .
g may i'unction as a phy31olog1cal receptor ( 3) ‘ n “
. . “
\. ‘ ' A
. 0 . CH ' ’ _—
' ) I ’ 3 - ae ©
C- H0—C—0—CH— G Oy : e
ST T o 3
\ ’ . L : . )
. . ; (I) : " ’ ' . N . . { B .
ot § -Acetylcholine (ACH) plays a leading role f:‘n;x» o
the ‘cohduction of impulses by 'producing an electric poténtial which

Co t.ravels along the nerve cells during conduction, ACH prodpces this - -
*s potential - vn.a Specif:.c receptors as yet unknown - by causing a
very fast change in the ion = permeabll:.ty of the membrane

a (J surrounding the nerve ‘cell (ﬂ) Due to this. function ACH has been . s

- .

]
|

) .
- .
" O S . ‘
. » , .
- . , %, s -
e, wo S [ " ! .
Ly L R B
' . . IR ] L
N " N




¢

.
N | . «

varioubly named as action substaiice, transmitter substance, neuro -
: : -

humoral subs‘tar%ce. etec., ,,. . L /

.

/

- . v/

/ . * After its action the removal of ACH is”]

. . /
very essential because before a second impulse can’ be

transmltted the orlglnal s’oate of the membranes rﬁust be '

v

re-established The’ removal of ACH .is achieved; /by ACHE which

/

hydxjolyzes it into choline and acetic acid. The, hydrolytic reac'%i'o.ri :

is given by scheme 1 below.

CHe R - ' CH

_ " 3 ACHE . ) N 3. ,

~C§ ~—N—CH., ——————s3 HO—CHs—CH=—N—CH_ + HOAc '
2 T N\UM3 H0 2 2 . 3

C}'IB- :

Choline. -

.

Scheme /l.

- * N
'

Fr;am ‘what has been sald 1t is clear that

both 'the release and the/ ‘removal of ACH is essentla.l for mpulse

.

7

conduct:l.on. When the actlon of ACHE is blocked ACH atcunmlates, and

'

4!
the original state of the membrane cannot be” re-—establ:l.shed. This

/
leads to severe and'often‘ fatal endogenous po'is‘pning involving

irritation and ‘paral;fsis. Death is gé‘neraliy',cauSed by respiratory
) o ’
. paralysis (5). S

.Becausg of its mportance*&ﬁ rve activity -

’ . *

a 'large. number of compounds have beerr studied for. their irmibi}tory b‘,




effe.c?cs_ on ACHE,-Most of these compounds are highlﬁ\r taxic and some
antich_olinesi:erases ‘are used as war‘gases and’ as :j.ns-e-(;ﬁicidue‘s_ (6).

¢ :

LY : -

There are three max‘x\ classes of anti =

cholinesterases: 1) Organophésphates 2) Carbamates, and 3)

%
/

compounds conta:ming positively charged?‘*nltrogen aton '51milar to

- - .
~ ' . .

tl}é suHstrate ACH, o !

. .
. . -

~

¢

-
a

, Or phospha.tes and carba.mates 1nh1b1t. ACHE

by phosphorylat:mg and carbamylating, respactlvelv groups on the’
. . 1 ,

8
active s:Lte. The action of these compoun has been rev:Lewed
/

recently (6).' Ths; quateérnary ammonim compounds show inhibition, in
, / re . v @ . i
most cases, pnroiy due to competition with the substrate for the

active sito of the enz‘yrrie. The inhibitory power of these compounds

is reduced when the cationic . 8roup is converted into a neutral

one, (7) : ) : ) - {

’

‘ - 'Before discussing Ithe meéhanism of ‘ACHE -
r . .
inhibition, a brief discussn.on of enzyme inhlbltlon in general

of a.ctiire centers and about methods for measuring ACHE activi’oy

should.be presented., - ' @ - )

Enzyme Inhibition.

o ‘ L An inhibitor reduces the rate of enzyme

' ﬁ

catalysis/ whatever criterion is applied , whether it be it,’n.ljizatiép

‘of substrate or formation of products. According to the conventional

‘\ '

ideas of the action of enzyme inhibitors (8), the mhibitlon is

clg.ssified as Competitive, Non - Competit.ive, or Mixed. A




‘

. ‘ . Purk- competitive inhlbltmn results when an

.

. 1nhibit.or dambifies” with the game enzyme sate ‘as does the’substrate,

-

Q.

thereby prew@enting the formation of a complex between enzyme and the .
3

substra.te. These sn.tuat,ions are. shown m Scheme 2 and-3 .

L8 Tt
' , . N

E + S=—=ES - | -‘vﬁchemez

E + I =—==EI. ° : “ Scheme 3
E'= free émyme, - S = suebstra_.'te

ES = enzyme-substrate complex

. . . <
El = enzyme-inhibitor complex + * '
T - 1 . "y . ' -

v R Non - cox?zpetitive inhib:.ta.on results when N

K

5

the inhibitor\ and substrate may smultaneously comb.ime mth the .

-enzyme,* forming a ternary qompigax involvi¥ig enzyme, subst'rate, “and.

inhibitor as shown in Scheme 4 and 5. Only 9nzyme-s_ubstfate_ complex

‘\
. s

H L
t * *

» . "

ES + I=——=ESI . Scheme 4

EI + S==SEIS . ' ' Scheme §_
. ! -0 . Loet . \ -
which is free oi‘ combmed inhibitor being able to form products. If.,

the equilibrium constants for the combiviatlon of inhlbitor with the

v e
\

free enzyme and e'nzymp-.substrate gomplex are equai "s:unple" or '

"pure! non-c%gpetitive in}iibition‘ 'is observed, If, on the other

.hand, thede equilibrium const:ants are di‘fféreni; 1\. more complicated

7
inhibition 1aw is. observed and the 1nhib1tion is sometimes described
a.‘s "mbced" e ‘




H N
i ‘ N
o . : . i ‘ PR . RN
o - ' .t i L ) . . : Y, a0
. O, *+ e R s 3 N . L < Qt . 05 N
\ - Y Y . ] -.‘
X . B . -, : . .3 N - . . - Y
‘ vt . ’ > f ! 3 [y ° L
‘ . . i - 1 Cd o8 ey - . o ' R
T -~ ., i bty
- . ‘ H . 5
. " .7 r .
. H , H .
o . o il . . _ XA
i .y ) . . f i - - . . . R
. f . N

. .
© . b .
N 4 - »

, Wp&tltl\le and “non-competltnre _ ,

Y
L4
-
.

EY

. ‘ lnhibltors are rec,oﬁm.zed from “the effect they have on t);e consfants -

Km and Vmax of ‘the Mi¢haelis --"Menten equatn.on (9): B vt
- J . ¢ , ‘
e v = Ymax.SfKm+ S i - . (1) :
. . MR 27 c - . .
S Lo Y ' ' . Y .

. - ; ‘This equatlon for the rat,e of an enzymatlc .

~ AN

s reaction is basedh on the followmg scheme. " \ - . ’ o
. 'K N i)
’ - . » y
a Sy - . . "". 1
° » c > p / k k2 * -
L \ e s-———~Es-—-->E + P ~
" * - . 3 hd .‘1
e .o . . ﬁ -;L . . ‘ - . )
’ oy e ' \Séhemee 6. S .
where: '( L . ; ‘ X .
% ¢ N N “ ) [ . 0 . I .
v = observed rate = kZ[ES] o . L . oo

LB = Mlchaells complex . _ R ) )
* "E = free e . v BN . .

Vmax = maximum theqretical rate =,k2£on ‘ o ‘
“ ) . - .
o . R L : .

E, = total,enzyme ) . » ’—\’} C
LN N A2 ~‘ )

. ky = rate gonstant for the formatiqn of ES ;

@7 B Py f . o

o k_j = rate constant for the breakdown of ES into free . .. Lo

‘ ¢ - ° enzyme, . E and substrate, S -,

. % ' ! )

“. "kp = rate constant for ‘the breakdown of ES .,1nto free . . - N
N enzyme and products p , . S

- P = products CoL ' . ) R ... ) N ) - . "'.,‘

3 .

) N v }\:I . ' ; . . . R L I
L '-__'(ln’_t= ky + kotk ( llichaelis constant) .
"‘, o .S = Substrate. Co L . :

. k ‘iifﬁ” e ,‘: ‘7\ ;A
PN !,1
: =T“a;?"‘“§“§ e gl




} o . ' A competitive inhibitor increases Km value without affecting Vmax, -
| _ ¢ ' . ‘ . .
|

! whéreas a non-competitive inhibitor decreases.Vmax without affecting

the Km value, A 'ixed" inhibitor, on the other hand, affects both
. ¢ . . , Vi /

-

~ ‘the Km and Vmax values.
. . ) - 2 .

1
-

2

. . The Km and Vmax values can be

evaluated from the Lineweaver -~ Bufke‘plot (10) which is basedf;n
. ! .

equation 2, a linear transformation of Michaelis '~ Menten eqdation.~

. ¥ . v £y -
. \ - , K]
S ' . <
s . 1/v = 1/Vnax + Km/Vmax . 1/5 (2) .

- ! : ' _ . -, \ , - s

, There are other linear transformations of Michaelis - Menten equation .
. -and their statistieal merits have been reviewed recéntly ()., ! ’
. ) ‘ s - ‘ . - «.\m ):. . - . . h
© Q.
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. ‘ ‘ . i
. _Methods for determining ACHE activity. . \\\ .

. . . { N
PN .

. . There aée variety of methods available for

r

measuring ACﬁE acgiviﬁy'and these are described below briefy.

/

ﬁestrin's Methdd.§13l. This method .detects the amount of unchanged*
ACH based on the reéction'of ACH with an alkaline‘solution—;;
hydroxylamine to Bive acetylhydroxamic acid,'whose‘ferric iron
complex is tﬁgn depermined éhotometrically. Tﬁ?s method is said to
give values 15 ~ 20% low for the initiai rate gf the enzymatic
reaction (14) and is tﬁgrefore not s&itable féé kinetic

[y
! ‘ -

investigations.
pH stat Method (15)¢In this method pH is kept.constant by,
VL sy

continuously neutralizing the acetic acid prodiced during the -
3,
hydroly31s with NaOH solution, the titer being directly propdrtional

to the amount of acetylcholine that is hydronzed by the enzyme.

o . “ . ,v ~
, .

Ellman's Method. (16) This method utilizes Acetylthlocholine

«

m

(ATCH) an artificial substrate which in & similar fashion to “ACH
is hydrolyzed to thiocholine and acetic acid. The hydrolysis of

ATCH is shown below in scheme 7.

! , . & -
. ! N . f
‘0 - CH CH
| . o/ 2 AcHE +/ 3
H3C—C —5 —CH 5— CHz—N—CH ——-—-»HS—CH—CHQ—N—\CH + HOAc
) n T 3 Hzo 3
CHy o CH |
ATCH . . Thiocholine Acetic - °
‘ ‘ ' ' _ Acid’

v




o
' .
L3 P

t * " et

O In this methpd the productlon of thiocholins (TCH) 1s-estimated by

dlsulfide exchange with 5,5' - dithn.obls - (2 ' nitrobéhzoic acid)

.
. .

which yields colored 5~thio-2-nitrobenzoate anion with a maxima’

at 412 nm. - ' e

/ . - ) ' . | ‘\ §
- ' Polarographic Method, '(17). This method also utilizes acetyl - e L
thiocholine and measures the production of thiocholine (TCH) which . -

glves an anodic polarogiigplc wave, \%ypical of compounds contalnlng : i

-

SH-group.’ The reactloffinvolved ig: -

.
-

-~ N .

o * (TCH)SH + Hg * TCH(SHg) + HT + 1e ’ : '
I . " ! v v

This method has been used in this project and will be discussed S
in detail later on, ot - '

-

, ' ' . Furﬁher methods are based on the

s . li

. © tolorimetric determlnatlon of the’ slight pH change, whlch is

bl

caused by the production of acetlp &01d3 by u31ng 1ndicator§ e.g.

phenol red, cresol red,sbromocresol purple, etc. (18), - ‘ ‘

o

.
T
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. Where:

v . ‘ /
.
- -~

Active Centers Of A'cetxlcholineste_rase.

il

The active site of ACHE can be divided
inﬁo_iwo subsites, cne,jthe estératic- site which binds the acetyl*

portion of ACH and about 5 A away lies the Second site, the
- . \ &

anionic site. The quaternary nitrogen atom of choline as well as
cationic inhibitors are attached to this anionic site. The other
forces participating in the fixation of the substrate bgsides the

éoulombic bnes(are Van der Waals, forces involving the methyl

»

groups of choline.

»
s

The group or groups at the anionic site

&

are unspecified at present but the esteraric site has been

inbestigated in greater detail. At this site there are three active

' .
groups: a basic group, probably an imidazole nitrogen, at a -

, distance of 5 A from the aniénic site, an acid group at a distance

of *about 2.5 A from ﬂﬁe anioﬁ?c site and a serine hydroxyl group.

Revigws of the active site of ACHE have appeared recently (19,20,21). °

a8
3

ACHE-catalysed hydrolysis of substrate

proceeds in three steps &s illustrated in acheme &,

i N . . . -y
. . B

«

P, . *
@ , Ky Va - H0 - ‘
" E + ST—=—=—=ES >EA >E + P,
.k ko ‘ k3 - ‘
) ’ o

. ... . Scheme 8,

o

E = enzyme,’ S-= ACH, ES = Michaelis complex,

v EA = acetylated enzyms, P, = cholins, '

- °

P2 = geetic acid. -

L

‘ﬂ
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3&. L In the formation of Mlchaells complex (ES scheme 6) both the sites. f o

' " am.onn.c and esteratic, are occupied but upon the loss of ‘choline (P )

a . _' ¢

. the anlonlc site becomes .free in the ace‘uated enz,ne (Ln) In EA,

o4
the acetate is a.t,tached to the hydroxyl group of serine, The next )

* step, the deacetylatlon (k’ in scheme 8), removes acetate and leaves -
‘.. afrée &nzyme. ERE , T : -
\ i ’ . ’ In the case of ACH a.nd ACTH deacetylatlon is .
‘,. the rat.e determining st" ep ( 92),\ The ateady-state rate equation for .
§ the formulatlon of scheme g is given below. (23) - ,,‘ T A ;‘h" )
. N - . ‘, - ) a ) ‘. 1, . |
. B ) CIfv = l/kE + Km/kE S1/8 - (3) S
- - o - 3 ' . \ - : ' . . -' .’ : |
| | " Wnere: (- o Km=k ) +ko/lg(l + kyfkg) . . R
Ny . S Vmax” = k[‘EoJ . AR ‘ v &
.. , ' 'k = kgkg/kp + k3 ' oy, N -

'
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1
»

" inhibition would’be expected to show combetitive and non-competitive

, not block deac rlation. (22,25). The requirement for blocking

* high electron density center with the aciMic group on the active

. ce,nter at aﬂietance of about 2.5 A from the cati_onic head. The

\‘ ~ R N -
. blocking of *deacetylation occurs due to the interaction of this

| . S
center o the'enzyme 1nclud1ng therefore substances such as

{
. ‘ . .

* substrataes, reactivators and cleavage products.*Theze Substances are . ‘

substituted derivatives of ammonium ion which becau e of -their

resemplance to the substrate become attached to the anionic site.:
ﬁ J
Some compounds with a tertmary hitrogen atam also 'show 1nhib1t10n

1

— i kpart from adding "to the anionié‘site of the free

' enzyme the hydrolytic processﬂ(scheme 8) suggests that.an 1nhib1tor

might also combine with the acetylated enzyme ( BA in scheme 8) since o
in this the inonlc gite is free. If this }s the case, the kinetics of
components. Indeed it has been, found that certain compounds (e. g.-
Cis-2-dimethyl-amino-cyclohexanol Trimethylammonium ion, ete. ) show
non-cdmpetitlve 1nh1bition, whereas Eserine, Neostigmine, Carbachol

A, L

efe. show competitive 1nh1bition. (22,25). :} ) : .

-

' /
"

The diffsrence in the modes of inhibition by these -
compounds was explainsd on the basis that the compounds 1nh1b1ting
non-competitively do so by blocking deacetylation, the competitively

. o, - ’ P .o ,

inhibiting compounds, though attached to the acetylated enzyme, do L

deacetylatifn was Yound to be the presence of a high electron density

& ‘. (S

site (25) : ’ .




e 13

.

s

_The reaction sequence of ACHE-catalymed hydrolysis of the substrate ’

in the presence of a reversible inhibitor is given below in scheme 9. .
S S o Py « ( . ‘
" : ky . N ' : ’
! - E 4+ S =/——=ES J > EA >E + P,
. o b
cot Lk
E + I >FI ’ Ky -3/
- _ k_i -
o n ) -
. EA 4+ I -—‘-‘EAI « Ky = 73 /%y -
- : k—i ' ' ~
/ s o . B . .. .
[ e S \ ‘ .
: Scheme 9 S e
1" e, ' e - The steady-state rate equation based on.the ‘
< ¥ . ro *
above scheme is given in equation 4 below. —— . :
' @ « L //,’ R "
© " - oo . ' ’ ) ’//-. ’
P 1/@0[1 + [x]/xiu . k3/k2)] +Km/kE0[l . [I]/Ki] s - -
. \ ” . . U&) - ‘
< . Where: EO=E+ES +.EA+EI+EIA ‘ , U B
» J : " . * r ' .
A3 ,ﬁ" l . ' ‘ : .” : -
; ‘ - T A : A non-compet.itive component is inditcated by o

& displacement of the 1/v intercept. The- size of the diaplacement ’;'

depgnds on ’che va.lue~ of k3/k2 and, therefore, on _the subat.rate. If




' d . .

o

k3/ky ware large (i.e. acetylation being the rate controlling stép),
1] 1 B

a quite sizable inhibition of the deacetylation would not

_.significantly decrease the over-all velocity; , S

9, N

: This dependence on substrate has beén

observed (25). It was found that cis-2-dimethyl-amino-cyclohexanol .

inhibits the hydrolysis of methylamino acetate, an artificial i
substréta, for which kg < k3 competitively. With ACH as the substratés. '

,'for which ko k3, this substance inhibits non-gompetitively, This
. shows that non~-dompetitive inhibition results when &n inhibitor o

interferes with the deacetylation step. o ! .

.
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Cod R

. ; ) Eserine (Ig belongs to \the group of :

t

‘ o . .
. compounds known as carbamates. Several compounds of this class e.g. T

g‘ ' . Inhibition by Eserine - Liferature Survey. - !, ' : L

Eserine, Neostigmine are very potent inhibitors o}f ACHE, L

- tﬁ ks, wmn««,-vﬁ\}

", ot
TR g by v

¢

-3 . N

!

N
- ’

T ' , ‘ /. Inhibition by eserine has ibeen studied for a

4 - .

; long time by many workers and 1t was bel:\.eved up to recently, Lthat 1t.

L]

is a pure competltlve 1nh1b1tor of’ CHE( 25, 25) Howaver. it has been
Ay Q

L noted that gréater inhibition is obtained if the inhibitor is added

* _ ta the. enzyme beforé the substiate than if inhibitor and the substraté

are_é.dded at the same tlimeu )

<

e

) . It was shown by Wilson et.al.‘(27) that

eserineand other carbamates are not d:unple competitive 1nhibitors of , ST

A ACHE buwther act as poor substraétes and form carbamylated enzyme,

'“like the acetylated engyme. That the carbamates act by carba.myla.ting A

-

the enzyme“ has been reported by other workers also ( 28,29, 30) Lo ' .i

< H .
B i .. g Y

L , - Theé reaction Sequence of earbamate . \actiog',:' H

[ S

.
B
Wi
42
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3 . e

¢ Where: I.= Carbamate inhibitor’ -
: ET" = enzyme-inhibitor complex

- . ;. \ >
o Lk K kg
E + I s/——=EI———=<»FI /E +. Carbamic acid
. k—i .' N yd ‘
v
' Ve s

| EI

o

= carbamylated enzyme

much slower than deacetylation, .

i - o~
;

, Scheme 10,

[ 4

[ .
f L

-

*

k!

This’ reac’olo scheme is sn_m:Llar to substrate

hydrolysis (scheme 8). However, the, decarbamylatlon step ( k ) is

-

‘

e

" _\ . . The above schemg of the qarbalﬁate

&

r

o

e

1

-

action

implies that the inhibition by eserine should be’ n'on-’éompetitive. It

has been reported récently that if the enzyme and eserine are allowed .

to incubate for as little as 3 minut'es, the inhibition is

" non~-competitive. (31,32). .

. From the pH studies on the 1nh1bition of

ACHE by eserme it was concluded that th’e pr‘otonAted form of

eserine (III) is the engyme inhibitor ( 33).

?
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. e ) ) . ’ ’ (IV) ' : o
v’ N : r ) . ‘ 4 . ' ’ *
. S . In thls project the inhibltion of ACHE by R
- S eserine (II) and by 1=~ (4 - dlmethylamlno -2= Butynyloxy) -3~ _
. S (2 - PI‘OP.VH.Vloxy) - Benzene Methiodide (IV) a mono-quaternary ' L e T

- o propargylic ether. Both compounds were studied under gero
. .Tpre_-incubatibn.i;ime witljx-‘the enzyme .



~ | 8 N ) ' . . N L

- . »

¢ . Eserine was chosen partlj becsuse of its -

) -
!

contréverqial mode of inhibition and partly to estabIish whether or

not thé polarogréphic,method can be used to study the inhibition of

o

\
ACHE by highly potent inhibitors. '

QEL~ FE ’ ' - .

v " The écepylenic quaternary nitrogen compound

-
>

(IV) was a newly synthesigzed compound. It was desired to study,whether
or not this compound has any anticholinesterase activityfand, if it

v o

has, then what is the mode of inhibition. .

. ’ . ] Lo \
. i i 1Y ‘ v
Ip addition to 'inhibition studies, the . fu

effect of Substrate Bencentration was also studied at different

engyme concentrations and the constants characterizipg the hydrolytic

. -

- - .

reaction were evaludted. -




. METHODS AND MATERIALS "

§ The rates of ACHE catalyzed hydroly31s oﬂ

Acetylthlochollne were followed® polaroigaphlcallj, measurlng the -

productlon of Thlochollne (BCH), and spectrophotometrlcally,

measuring the productioﬁ of acetic écid'by using phenol red as
the indicator. These methods are discussed below.

’ . .
> .

Polarographic Method, This method is based ofi the fact that

compounds containiné -SH°group yield an anodic polarographic

"
.wave, Thiocholine is such a compound and gives an anodic wave,
A q‘ s -'

typical of ~SH grbup;gbmpbunds, the diffusion current at the

“+
©

ptateau being'proport;onal to the concentration of TCH, .
‘ - . - - . Ed
< ‘ . . .

»

% The diffusion current is given by the
"ITkovic equation

[y
vy

mz/? e o2 ¢

IS

’ wherg: f id = the average diffusion current (in mlcro amperes ua)
n = the number of electrons involved in the *
#  electrode reaction. . ' .
.j m = the mércur& flow rate (mg/sec) ) : -
.Y = the ,drop life (sec) o
v D = the diffusion coefflcient (em® /sec ) '
- " C = the concentration’bf’the electroactive

‘ aubstance TCH in this case, (mM) )

v

C .. By naintaining _the_drop-life;- the mercury _




S T
» the Ilkovic équatiogn

&
.', *
i.e. the average diffusion current is a

- linear function of the concentration of electroactive substance

+
L3 “

. * Pig. 1 shows the pola.rographic waves oi‘

the ACHE-ATCH system., Curve No. 1-is the background current

v °

obtained ﬁth bufi“,ér é‘oluti‘on pnd ATCH, Curves No. 2 - 5 were

taken at an interval of 5 -.10 min after adding ACHE and show the
P , . 2 P N .« . *

[N

anodic wdves due to TGH. . . » © v o

-

KR
- Since the current at tH@ plateau of the

[
[N e v

polarographlc waye is’ proport1onal to thiochol:me concentr t:.on,

the prod.uctlon of TCH as a funétion® of time can be followed by

[y

s applying an;kpotentlal w:l.thm this plateéu. In this study ‘the

applied potential used was -0.05 V vs AgfAgCl, a value which fa.lls

‘on the plateau. Tbe 1n1t1al rates wpre calculated i‘ro\i}lei/

difi‘uaion current - t.ime recordlngs.

.
! +

L Fig.2 shows a typical current - time curve

o

-

obtairied by this method,duripg the ATGH hydrolysis. The ifitial,

rates were measured *from the :Lm.tlal linear portions of such

.
. 1

curves §35) in ua./min In the, case of experlments 8t low substrate

concentrat.ions or' with inhibitors whén the current - time curves
. .

d.id not ahow any linear portiona, the initial rates were mea.surad

by dréwing ta.ngents to the cu.gves at tme t.= 1.mihute. .

e




¢h

‘Current (u;)

[y

Fig;ﬂl:

<

Polarographic waves due to thiocholine - produced
' during the hydrolysis. of Acetylthiocholine by
Acetylcholinesterase.

Curve No. 1.

Curves No. 2 = 5,
&

N
+»

a

Background current obt&ined W1th
buffer and ATCH.

’

Séme as curve No.1, except that ACHE

added; each polarogram.run at an

interval of 5-10 min_from the nreceedlng

one.

1
{

~0.55

..o, 35 ~0,15

Applied Voltage vs Ag/AgCl

“»
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' \ ” ’ ' ) ' " vy N

,-3"

' o)

- A




_ each case are given below.

Calibration Of The Polarograph. S \,

1

The rate of thiocholine prdduction

4

'measured in ua/min may be converted to umoles ICH/min by +

calibrating the bolarograph;yith reduced Glutathione (GSH), whicﬁ

gives. an éngdic,wa&e similar to thiocholine.(17). This involves

the‘mgasugpment of diffusion, currénts due to GSH standards at

the pot;eﬁ'tii.%%_chosen for measuring TCH production i.e. ~0.05 ¥ | oy
Y o / .

R Y
versus Ag/AgCl,

’ . However, it was realiged that calibration

can also be made by Acetylthiocholine itself, This, 1s based on the

fact that the plateau of the current - time curve (Fig.2) represents '

the complete hydrolysis of AfCH to TCH and measurement of diffusion

current at this point will be proportional to initial concentration

-of ATCH or concentration of TCH since 1 mole of ATCH is hydrolyzed .

" to give 1 mole of TCH. (scheme 7). This procedure is based on the

assumption that the hydrolysis of ATCH is complete and this can
be ensured in the shortest possible time by taking an excess of

enzyme.
-« 4 3

Both Glutathione and Acetylthiocholine

_ were used in calibration experiments and the factors obtained in

L]

o 3 -
With GSH 0.149 * 0,006 ua/ 10 b M GSH

With ATCH. - 0.203 + 0.009"ua/ 20™% M TCH

»*

3* Sta@daﬂd deviation.’

¢




i " The equ,;"imental data are listed in appendix 'B".

13
Y

o T " The factor obtained with ATCH has been - |
f ¥ ' ¢ oot - ) ' ' — “ ’ d
: ’ wused, for converting initial rates in ua/min into umoles TCH/min,

instead of factor obtained wifh GSH dus to the following reasons:  « -

| | ‘ \ o
1. The value E)bt,a_ine;i with GSH difi‘e;s considerably from the value ’ ‘
i C of O 20 + 0.02 ua/lO'l* M GSH obtalned previously in thls
laboratory (l+5) -The difference is probably due to the fa.ct that :
Lo -

GSH gets easily oxidiged (46), therefore does not give very

reproducible results.

L.
. . . ' 4 - i

, 2. The factor, 0.203 * 0.009 ua/107% M TCH, obtained by using ATCH . S
‘agrees ve;\y well with the value of 0.20 0; 02 ua/lO'l*-M G\SH; Since
the value with ATCH-and the previous value with GéH z;.re about the

- S same, it seems that the GSH used in this study wa.s’ not completely

. .
¢ g reduced , >

' 3 The factor obtamed\mth ATCH also agrees closely with the
_thebretical value 6f O. 19 ua/lO'L‘ M GSH calculated from the Ilkov:.c

.equation (egn.5) ,&sing the diffusion coefficient value for GSH (51).

4
s

Thus, the above reasonings justify the
the use of factor obtained with ATCH and in our experience, since
. ‘the results are same with ATCHc and GEH (provided-one can get good

GSH). it is more convenienty to use ATCH than GSH.
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. P
Polarographic Equipment and Experimental Procedure,

<t

7

<

a maximum sensitivity of 0.02;:8. full scale was e‘mployed in

conjunction with a Metrohm polarcgraphic-stand, E3£5£... The

a ' *

" instrumental set up permitted both standard and reﬂpid

with & capacity of 5 ml, connected to a thennoetab maintained at,'

25.0 &

o

of the experimental meaeurements associated with -

‘drop polarography.

-

?

.

B

0.1.00; was used for all polsrographic measurements. All

hydrolysis of ATCH with and without inhibitors were made under

1)

. 24

3,
ke

8.

%7
"10.

the following conditions: -

~
Reaetien volume ‘
Temperature

Applied potential
Current, sensitivity

Damping

©

' \Chart speed

Supporting electrolyte A

Maximum suppreseor .

-‘Rapid drop

Deaeration

minutes,

5ml
250-010’

. =0.05 V vs Ag/AgCl

,V“ar'iatile

E4

3or 4

" Slow

' Phosphate buffer pH 7 6

( Appendix ’ gy’

0.01% Gelatin

1
. 0,233 sec./drop

With nit.rog_en for 8-10

ACHE~catalymed

>y,

A Metrohm Polarecord, model E261, with

A water jacketed micro reactiln vessel-

‘o,




* .
a, i

In all kinetic experiments ari initial
volume of 4.5 mi., made up of'buffgr solution, substrate ‘solution, *
. inhibitor in case SE-Enhibition study, was degassed with
nitrogen for -8-10 minutes. The reaction was then started by adéipg i
~0.5 ml. ?f engyﬁe solu£ion, gi;ing a total reaction volume of 5.0 mk,

Time measurements, made by calibrating the chart speed, were

started after adding half of the enzyme solution. (36). - -

p

'

z

The conversion of initial rates in ua/min

into umoles TCH/min was made according to the expression:

' M - © . B
umoles TCH/min = _U3/min x'5.00 * 0,05 X 10° 1J
' 1000 x_0.203 * 0.009 ua/10"* M TCH

Al

e PRI
- .

Spe%tfoghotometric Method. (38). !

/ "-.s“n-l’ * . »

The indicator phe

ol red (pK = 7.9) is

used along with @ phosphate - barbital buffer of pH 8.0 to detect,
the p changes due to acetic acid produced in the ACHE catalyzed

hydrolysis of ATCH.(scheme 7). The acid dissociation constants

~of pheniol red and barbital are within 0.1 pH units. of each other.

Therefore; as the liberated acetic acid converts a stoichiometrie
amount of sodium barbital into free diethyl barbituric acid,” a

much smaller but proportionate amount of alkaline phenol réd is

" converted into the acid form. A spectrophotometric reading at

560 nm, in which only the alkaline form is measured,’becomes

therefore a direct measure of the enzyme activity.
? - - - - —_—

+

- 3

e Y
a -

1




. The i:ensponse of‘rthis system to acetic acid
" standards is linear to approximately 3.5 x 10','1+ M (37). Sifce the
initial rates were measured, the amount of acetate produced d\iring_

the hydrolysis of ATCH did not exceed 3.5x IO-L'-M for any of the

substrate concentrations used.

. ,)» - e All experiments were carried out on a .

Cary Model 14 recording spectrophotometer m.th ‘thermostated cell

- holders mamt.an.ned at 25.00 * 0. 02°C and with the following

instrumental and experimental para.meters:

. 1. Wavelength . - 560 nm. C .
2. Slit height . 20mm. | ' ’ y
3 Cell length L ) 1em, - . o
) 4. Temperature T | 25 00 * '0 02°C . ‘
5. Reaction mediu;n H * 7 Phosphate-Barbital buffer,pl-l 8.0 -

3

.

with £.03 ml. of 0.01% phenol ’red.
, _— . (Appendix "AM) . . - .

6. Reaction volume 5 ml.

. “

The kinetic experiments were performed

in the follow:Lng way: In & Small beaker an in1t1a1 ‘volume of ¥

h 5 ml made up of buffer indlcat.or substrate and 1nh:|.b1tor in

qase of inhibition experments, was taken and to this 0.5 ml of S
enzyme 'soluti_on wés added to start the reaction. Mixing'was o -t
ensured by blowing out the enzyme solution and by shaking the

beaker, The reaction mixture was then immediately tranaferred to .

& 1 ‘an, cell and the kinetic measurements were started. ;I‘h:;g took ',,‘ Q)
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’

about'lb - 15 second® and therefore reactidn rates were measured

/]

10 - 15 seéon@s after the addition of the enzyme s?lut,ion.

’ -
W f -

! // All solutions were Protected from the
atmospherié carbon dioxide by storing under nitrogen and were pre ~
equilibriated at 25°C. Initial rates in the presence or absence of
v ' ) . ’ .
_the inhibitor were calculated, as discussed.previously, from the

<

absorbance~time curves as absorbance units/min.

3.

Materials. ' -

(

Acetylcholinesterase. The, enzymé preparation used was bovine

erythrocyt.e acetylchollﬁesterase supplled by Sigmd Chemigal Co.,

St. LOU.].S‘ Lot No. 61C-2350, with an activity of 3.2 units/mg solid

4

: \
and a specific act,:.vlty of 8.6 units/mg proteln. Lot No. 23C-1120,

with an activity of 3.1 units/mg solid and a specific activity of

-,

8.6 units/mg protein. ’ ) R ‘

v .
Since all kinetic experiments were

, performed at a constant enzyme concentration, the enzyme stock
solutions were prépared as units/ml wusing the relationship 3.2 or -
3.1 units/mg solid as reported by the supplier and activity was { E

.

not determined under the experimental conditions used in this

study. One’unit of enzyme 1s defined as the amount of enzyme that

‘will hydrolyze 1.0 umole of ACH to choline and acetate per minute

at plt 8.0 at 37°C. — \ *

" Acetylthiocholine. Acetylthiop}ldli'ne chloride (MsW.201.7), the only
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3

substrate used in this study, was suppiied by Sigma Chemical C?i.,

St.Louis, This was stored in a dessicator below 0°C,.

“Eserine. The infiibitor Eserine (Physostigmine) was also supplied
. . L
by the Sigma Chemical Co,, Eserine solutiong are light sensitive

and therefore were stored in dark boﬁbles. . o

3
H

" Glutathione. Reduced Glutathione was supplied by General

Ve
Biochemicals, Lot 44613, and was stored bélow 0°C.

!

The acetylenic quaternary nitrogen compound ( IV, Introduction)
was kindly provided by Dr. M,D,Simon, Faculty of Phafma.cy,
Uhiversity of Montreal,

!
'
© R . .

28

N.B. All the mat,erials-w?re used as supplied. ) ->

:
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RESULTS AND DISCUSSION

Part I, Effect Of Substrate Concentration.

/

» 1

The effect of substrate concentration

o

on the reaction rate was studied at three different enzyme

!

concentrations in order to choose an apbropriate engzyme
concentration to be used in inhibition studies and also to test

the applicability of Michaelis-Menten kix{etics. T <

»
>

Although in most cases the rate is

w» (_
! . . \
proportional to enzyme concentration, as is assumed in Michaelis -

3

Menten formilation, and in fact the usual expressions for inhibition

.
! - y 3 3 I3 3 - r
kinetics are derived on this basis, there are several reasons for

°

~

Qrion-linearity. 'Factors which can give rise to non-linear relation-
ship are as follows (41): the presence of a reversible inhibitor
in the enzyine preparation, velocity measurements made as amount

of product in a given time instead of initgal rates, slow response

of the instrument used:.for velocity measurements, using an ‘excess -

of enzyme, etc. Therefore it is of importance to use an enzyme

concentration where the reaction rate is l:f.neafly related to .it, )
Since non-linearity can easily a}ter inhibition behaviour, This’
linear relationship can be checked by plotting initial rates J'
obtained at differeﬁt enzyme concentrations versus enzyme

concentration at a constant substrate concentration.

. To test wilether or -not the system .

“Jv
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and Vmax values should be calculated at different enzyme :

[
-~

concentrations. According to this formulation the Km is indepengent

of, and the Vmax is proportional to, the enzyme concentration.-

» I3

‘

. . Tt is kmown that Acetylcholinesterase is
inhibited by an excess of substrate (42). In a system showing e
. . . 4

substrate inhibition the Km and Vmax values are calculated -fr.

the substrate concentrations showing no inhibition (LB).

o -~

. The three enzyme concentrations used in
this study were: 0.31'% 0.0L, 0.51 * 0,02, and 0,8l°t 0,03 units
. of ACHE per 5 ml, of the reaction mixture. Tables I '~ III

éhow the substrate concenf;ation-velocity data obtained-at each

1
”

of the enzyme concentration. Each value represents an average of

at least three measprements. Data for individual ruris are listed:

in Appendix "C", - _ § . :

. The calculation of Km and Vmax values
were made using only the lower substrate concer;trat‘;ons and ,
employing the weighted non-linear regression analygis of

.

Willcinson (id). , r‘ : o

'

g

DR e emr——
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:‘Table I. Substra.te concentra.tlon—rate data for
. : ATCH hydrolys:.s.

ACHE = 0,31 X' 0.01 wiits per.5 ml of the reaction mixtu'r;

\ e

ATGH Moles liter™t TCH /min

.

6.1%0.1 %107

0.006
1,10 + 0.03 x 10~* ~ . 0.002
2,20 + 0,06.x 1" * . 0.005

5.8 + 01x10“+ ’ .118 * 0,007

3,17 1 0,02x 107 0.14 + 0.01

a ' -3 ”~
1.99 £ 0.05x 10 0.01
3

#3,98 + 0.09 x 10~ ' 1k * 0.00

]

e -

Km and Vmax values-calculated from the data of Table I were:

3
N

Km'=3.2 ¢ 0,2" x 107 M

\

 Vmai = 0,179 * 0,004 umole et/

+

7 \

a - values not' includede in the calculation of Km and Vmax.
# - standard dev1a.t10n. '




i

Table II, .Supstrate concentration-rate data for
» ATCH hydrolysis;' '

. L

ACHE = 0,51 * 0,02 units per 5 ml of the reactlon m:uct\lre.

4

H

ATCH Moles liter™ ' . . v, umoles TCH/min

o

.
>

9.9 0.2 x 107 0.076 *-0,008

1.98 'o.os x 10"‘“ \ 0,130 * 0,008

3.97 + 0,09 x 10~ 0.18 * 0.02
6.0 % 0.1 x 10 -k,

7.9 £ 0.1.x 1074 0.23 * 0:02

.0 £0.2x207% © . 0.23 % 0.02

0.22  0.02

#1.98 * 0.05 x 107 0.2 ¥ 0,01

®3.96 £ 0,09 x'10™: 0.2, * 0. 01
|

-

" Km and Vmax. values calculated i'rom‘ the data of Table II.v‘rere:

Km =4 3,1 * 03 xlo“M

Vmax = 0,32 + 0. Ol umole TCH/min

a

a - values not included in the calculation of Km and Vma.x
* - standa.rd deviation. °

3




Table “ITL.

ACHE ="0,81 +
-

®

a < «

Substi*ate nconcentx‘atlon-rate data for ) s s
ATCH hydrolysis. . : . :
W . 7 ’ e ’
S : '

O 03 unlts per 5 ml of vthe reaction m:xt,ure. .. ‘
1 .

ATCH Moles liter ,

-

v, umoles TCH/min

. 1.05 £ 0.03 x 10"" ’ . " 0,12 * 0,01 ,' o . )
. -/} / 2> ) ) , = )
2:10 O‘i O,,.Oé x 10 - v 0.20'1 0.02 _—
5.2%.0.1 x 10 b 0.31 * 0.02
) 1.03 £ 0, 03 x 107 0.4 % 0,02 - R
~ %2,00£0.05x 207 7 o42%002
®4.0t 0,1 x107 . . Odl%0,02,
- 2 R , .
T 4 : B . 4 to. % ’ o ! “'

.

* Km and Vmax v‘alu'efm,

>, .

Km=3.3’ 05 x 1

. ‘e -

S Vmu=o.<o ooa

-
B

b

L
v

1
1
H

. J.'
r f

I

* - sta.ndard deviation., % -\

- .

-l+

umole - TCH/min

. -
v
ar

«

‘a - values not included in the calcula.tion of ¥m and Vmax .

calculated from the data of Table.IIT weres




The data of Tables I - III are plotted

in Fig. 3, the rate -~ substrate concentratlon curves., The

N

-plateau of these curves represents the ekperimental maximum rate, v
From the Michaelis-Menten equation. (eqn. 1) it is clear that
maximum rate can only be observed when S >> Km, therefore the

maximum rate observed in thls case 13 due to the fact that ACHE 13

inhibited by an excess of substrate, = ‘ 5

-
‘_4

Fig. 4 shows the Lineweaver-Burke plot \
at each engyme concentration. The rise in the curves as

-they apqroach 1/v axis is due to substrate inhibition.v(B). In

’

Table IV below the Km, Vmax, and v, values are listed,

5, ,
+ v
1

Q'

4

Table IV. Vmex, Vo and Km values for ATCH hydroly51s at —
. different concentrations of ACHE.
. ACHE o max. Vg L Kmx 10
units * umole TCH/min  umole TCH/min moles liter
N &
0.3 % 0,0L 0.179 * 0,004  0.14 0,01 . “3.,2%0.2
‘0,51 £.0.02  0.32.%0.,0L 0,2 £ 0,01 3.1 0.3
\ " j -
0.8l * 0.03 0.50 * 0.03 0.42 0,02 . . 3.3 *0.5
N {
A\

-

Table IV ghows that Km #s independent of
enzyme concentration as is expected from the Michaelis-Menten
eqpation (eqp. 1), The theor;tlcal mexcimun rate, Vmax, at dlgferent
enayme concentratlons 13 plotted in F1g 5 and shows a llnear

dependence on the enzy@q concentration.

o " L

! . . .
b, _ V!
AN .
. R
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“Fig. 4. Lineweaver-Burke plot of ACHE-catalyzed hydrolysis
' : . of ATCH at different’ concentrations of ACHE.
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5. vEffect of Acetylcholmesterase concentration
on Vmax.
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E{y ' . Since Vmax is a theoretical value, the

linear relationship was aléo,estéblished by piotting the experimental

—

‘rate, v, obtaiped*vt a lower subs;rate‘concentration )
(1.05 * 6.d3 x 1074 ATCH) against the enzyme ccncehtrapion (Fig. ¢).
‘In Fig. 7, thg‘experimental maximum rate, vot'is plotted againstl
‘he'enzyme concen;ration. Though this plot‘is linea%;’it does not ’ _ ‘\\
8 througJ the origin implying‘thét some engyme is not avaiiable
fqr\kheac;talyéis. This can be explained, from the fact, that, since -
the experimental maximum rate is observed due to the sub;trate,

inhibition, therefore there is some engymé, which is inhibited by

the substrate, and thus not available for the catlysis.

]

The Km value obtained in this study
. (see Table IV) is higher than the reported value of 1.3l x 107% M (22)
and 1,40 x 1074 M (16) for ATCH using ophéx methods for measuring #ates.‘
The high value obtained in this study is frobably due to the ‘high
ionic strength used. High ionic stre;gths decrease the~bin&iqg of the
substratés to the engyme épd thus ;esult in high Km values. The efrec£s

\
of ionic strength on ACHE~CEtalyzed hydrolysis and its inhibition will -

be ‘discussed in detail later’on. .

[}

n. N . 'Z:~

N

. A Km value of 3.23 x 10* M for ATCH,

using ATCH lodige, was obtained by Ridgway and Mark jr.(52). These '///;//////

workers used the polarographic method; the ionic strength used was_ .~
0.05. The high Km value.obtained by thses workers, using low ionic
strength, is probably due to the fact that they used an iodide salt.

We have found that iodide interferes in the determination of TCH -
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’ ° - -

because it gives an anodic wave in the same potential region as does

- the TCH wave. The effect of iodide will be discussed if detail later.

v

v
.

In sumnary, the VEffect of substrate

i

concenﬁration"‘study shows the following: ' o

1. The Km valie is independent of, and the Vmax is proportional to,

the enzyme concentration, thus showing that  the syétem follows

the Michaelis—Megten kinetics.

-

2. No lowering of rates, due to the substrate inhibition, occurs

up 'to approximately 4 x 1072 M ATCH. ' )

3. The rate is linearly dependent on ACHE concentrationﬁhp to
. .

5

4 . s . , .
0.8 units of ACHE per 5 ml of the reaction mixture. Therefore any :

ACHE concentration in this range can be used in inhibition studies.

3 -
-

. 4. The experimental maximum rate, Vo is observed due to the fact

- ///ggét ACHE is inhibited by an excess of substrate. The vo'vs ACHE

- concentration plot does not pass through the origin becaus¢ of >
; P , g Y

.

.

» substrate inhibition. ’ )

i

#

-—

&
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B

_constant. This is in accord with t@e concept of'competitive

.

Part II, Inhibition of ACHE by eserine — Polarographic Method.

[y

»

. Inhibition of ACHE by eserine was oo

studied at zero| enzyme-eserine incubstion time. This was done at
ﬁh;ee different cpqcentra?ions of eserine and the effect of subst;ate
conceﬁtration'was stuaied‘at each of tre eserine concentrations.
Th§e§ experimenés,we}e carried oPt in a’bqffer of pH 7;6, ionic
strength 1.0, and with 0.01% gelatin (see appendix "A"), Inlgach

run about 0.5 uhits of ACHE per 5 ml ofythe reactioé-mixtu;e

was used.,

The inhibitiSn data are listed in

? ‘ [ -

Table V and Qpe data for individual runs are listed in appen&ix upn,

i N \ .
As can be seen, at each eserine concentration, the percerit inhibition

decreases as the substrate concentration increases, as would be
expected for simple competitive inhibition. The Km and Vmax values

, Y . . - .
were calculated at each of the eserine concentrations and are

listed in Table VI. This data shows that the Km value increases with

an increase in the: concentration of eserine whereas Vmax stays

inhibition, where an inhibitor competes with the substrate for the
ensyme, thus increasing Km, but does not interfere with the breakdown

of the enzyme-substrate_cbmplex and thus has no effect on Vmax.

rd

x

"Thus the data of Tables V and VI shows

that eserine inhibits competitively under the conditions of sero ’ o e
n o ~ », ’ . - 4

incubation time. This means. that under these conditions no ° . I

carbamylation of “the enzyme takes place or in gther words, the

~ . g
-~ \ . . -
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"’ substrate protects the ensyme from carbaﬁylation as stated by-

" Wilson (23). ’ ’

Table VI. Effect of eserine on Km and Vmax.

Eserine - Km. Vmax -
~moles liter™ moles liter™l ~ umoles TCH/min
xlO6 ) ; xAth ‘

e

- : . 0.35 * 0.02
6.02 ' 0.38 *.0.03
0.04 o © . 0.3810.02
0.07 . ' 0.39 * 0.05 -

5

’ <
values were calculated as discussed before.

.
.

2

- The value of -the “inhibitor cohstant, Ki,‘

was' calculated according to the'method.of‘Dixon;(h7) by plotting ih;
reciprocal of velocity versusﬁinhibitor”conqenhration at -different

substréte.concentrations. The point on the abscissa correéponding"

. -
’

torthe intersacéioh.of‘these lines gives the value equal 'to fKi"

[

Fig. 8 shows'such a plot at two different concéntyations of ATCH.

) -
s

.

| : )) An éﬁeragé value of K; was calculated

o

R from the intersection“of 1/v vs I plots at four different
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. concentratiors of ATCH, This resulted in six intersection points,

. each giving & K; value, These are listed in Table VII below.

Table VII, K; values determined from the 1/v; vs I
plots at different concentrations of.-ATCH, .
P :
- u Kl ~
ATCH concentration ’ 4 |
used for 1/vi vs I plots ' K; x 10° .
(moles/liter) ’ B (moles/liter)

.

% and 5.0 + 0.1 x 107% 1:76

0.06 x 1074 and 7.5 + 0.2 x ip"“ 2.07

3

+ 0.06 x 10~
0.06 x 107* and‘1.0L *+ 0.02 x 16~ 2.08
0.1 x 10™% and 7.5 £ Oe2 x 1074 3.60

+0.1x10°% and 1,01 * 0.02 x 107> EERT

< s

£0.2x107%° and 1,01 * 0.02x 1072 2.25.

-

H .
T D2

-
’

. From the'K, values listed in Table VII,

- Fi

v,

"an averagk.value of 2.5 % 0.4 x 107° M-ias secured. It may be helpful

1]

to point out here thgt the inhibitor constant, K, is the dissocidgtion
0 / N . ' - 0 .
-constant of the EI complex into free enayme 4nd inhibitor {scheme 9),

therefoxe,the lower the K; value the greater the éffectiveneas of an

" inhibitor., &
B ~~ ° .. :

Only the lower substrate concentrations’

o
[

were used in-the caiculation of the inhibitor constant bec&use‘of

substrate inhibition at higher concentrations.

[y




?
.

’

Sgectroghotometric method.

out in a. buffex; solution of pH ‘8. 0. The ionic strength of thls

.
S o~

. \
gero enzyme-teserlne incubatign- time. ' N
\ L
"

<
©

The inhibitiop data are llsted in
2 4 ‘

13
-

S The data’ of Table VIIT shows that the
percent inhibition d€creasts as the substrate concentration

' were also calculated and arg.listed in Table IX. The substrate

concentr?ilons shbwn,ng‘ 1nh1b1t1

T

@not used in the calculatlon

of Km a.nd Vmax - values The data of Table IX- shows ‘that the ‘Km value
P W

o

)

\breases with the 1ncsease 1n the concentratlbn of eserine while

. the Vma.x is unaffected. ThlS 13 what to be expected from the

.

" inhibitors actlng competltlvely.

N

A}

-
“E

-5

21
&

, TheKmva;LueoflO OBx‘O[“M in
g

- SN
the absence 71‘ eserine, agrees well w:Lth the reported an values of
1,31 x‘ij"" M (22) and 1.40 x 10 ko (16) for ATCH. A value “of

LY

; 3 3 * Otk 30™4 M for‘*Km was calculated from the data of Stein and .

Lewis (\1.) The high value of.

from the sdata ;oi.'

hesg workez:s ig
probably due to:the high ionie strepgi;he used by them. °

o

-4y

Inhibition of ACHE by eserine was also

atudled by speqtrophotometmc me‘hhod These experiments were carrlerd

&~
solutlon ‘was approxlmately 0. 15 (see appenduc Ay, The concentratlon

of ACHE used in these experlments was around 0.5 unlt,s per Sml of

the reactlon mnxture Thes% experiments were also carrleg out. at
() .

Table VIII and the data fpr 1nd1v1dual runs‘ge llsted in appenduc '6"

increases :unplymg the competitive ir{hibitién The Km and Vma.x values

bl

-

¢

-

~

Fy

1]

-
-4
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‘Table IX. Effect of eserihe on Km and. Vmax,
0 - ' [ © '
PR

‘e

-t

Eserine -1 . Km -1 Vmax -
'moles liter moles liter ., Abs. units/min
x 10° : x 10% &

3

o - 1.0 11 0.3 0.055 + 0.003

0.054 0.007
0.055 # 0,007

0,06 * 0,02
' .

1
-

p ‘Phe large deviations 1n the Km and Vmax

values are due to the fact that Mrge’comcentr&tions of ATCH

o

_.were uded in their calculations. Nevertheless, these values sHow

the Qompetiﬁive natupe of the inhibition. . ‘ -

.
’ ' .
;o

o _ The K; value was calculated Triém the

. .ntersection of 1/v;{ versus I plots at different concentrations of
.o - £

" ATCH. - Fig. 9~shows such a plotr at two different concentrations

‘df'ATCH. ‘An av.e;'age’value of Ki was calculated from .the'intersection
of 1/vi vs I plots at three different concentrations of ATCH.’ The

" values are listed wx._
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Table X. K; values determined from fhe 1/vy vs I

. - , plots at different concentrations of ATCH,
y ' A ' - -
i .o Lo
, \
ATCH. concentration 7
| used for 1/v4 vs I plots Ky x 10"
‘ ' (moles/liter) (moles/liter) . -, °
i , ’ ; J .
i -l A i
’ . 2.14 * 0,06 x 10 © and 5.1 £ 0.1 x 10 : 8.50 .
b g 2,14 * 0.06 x 107 and 1.01 * 0,02 x 173. 5,53
.« . 5.1 % 0.1 x 1004 and 1:0L * 0,02 x 1072 ‘5,54 ’
% - value rejected by "Q" test, | - . A ' R ) ‘
. The, &verage K; falue secured was

3

5.54 * 0.00 x 10'7.M. ' ‘

L [

- . o

: . . . » . . ‘
‘Comparison of data secured by polarographic and spectrometric method.
——L—T___———" =
. . 2 s ! . 3 . , "

; S © Qualitatively the two methods gave the

. ;ifnilaf results. However, an inspection of Tables V and VIII shows

‘the following features:

Y _J . o
1. The data of Table VIII shows substrate inhibitiron It high T /
.concentrations of ATCH while the Table V shows only " _rate, af, '

comparable concentrations of ATCH.
, ' 2.The percentage inhibition obtained by fhe g'pectrt:;phoéoxfletric .
. method, at comﬁax;at;le'concentrétions of eserine, is more than that .

B " obtained by the polarographic methed. o e ’ .

' ’




. " adjusting ic;nic strength of the buffer solution used in the

v s o

- \

' : 7 .
3. The difference in the K, values obtained by Fhe two, methods.
, , 1 . c
The above differerices can be explained
. . 1 :
7 " iy
from the difference in the ionic strengths vof the reaction media

’

employed in these methods.

A

Since the active site of ACHE is

negatively charged, the Na¥ ions (sodium nitrate was used for

polarographia method) compete with the substrate and with the
positively charged inhibitor molecules for this site. It was
~shown by’krupka (48) ikat the substrate molecules inhibit by
'combkﬁing with theMnionic site of the acetyl enzyme and bloéking
déacetyl&tion. The.compétition of sodium ions with the excess of c . .

\ .
substrate molecules for the acetyl enzyme probably protects it

P

from inbibitiqn'by the excess of substrate and that is why inhibition

e

by*substrate has not been oBservéd by, the polardgraphic ethod
in which buffer solution of ionic strength 1.0 was emplloyed. In the

spectrophotometric method, where ioni¢ strength of the ‘actidh

medium was about 0.15, no such effects exist and the inhibition is

L4

observed around 2 x 10~ M ATCH. It must be mentioned here that. *

‘ 'some'pg?liminary experiments were conducted to determine at what
conqentration Lf‘the’substrafe, at ionic strength of 1.0, appreciable
: inhibition due to excess of substrate occurs. It was found that '
ippreci&blé inhibition by substrate occurs around 6 x 1073 M ATCH.
.\Thqs the net effect of higher ionic'strengths is to shift the

w Substrate concentration to higher values for comparable substrate i

.
LY




-

7
1)

inhibition observéa“!f"lower ionic strengths. This effect has also

been observed by Myers (49)

. S

The K; .value is & measure of an’ N
inhibitors binding to the enzyme. Since the positively cha}ged form
of eserine is the enzyme inhibitor, high ionic strengths ‘

decréase thls binding and this accounts for the low percent

] and’ﬁlgh K value , observed with the polarograg/;cg/\ﬁ_/—JKQE!T

1nh1b1tio
-method. Similar effects of high ionic strengths on the enzyme ‘
inhibition have been observed in other engymes involving charged

groups, on the active sitg (50). : -

The, calculated K; value of -
2 5 T 04 x 107 =6 M with thé polarographic method (ionic strength 1. 0)
and 5.54 % 0.00 x 10~7 M with the spectrophotometric method ( ionic -
strength 0.15) agrees well with the reported value of 3.1 x 10~ 6 M

o

with an ionic strength’ of 0.5 (31) and 2.22 x 1077 M with an fonic .

strength of 0.16 (25)
0

r .
-In summary, the inhibition of ACHE by

I'4

' 'eserine studies; using the polarographic and the spectrophotometric ' .-

methods, shows the following:

LR

’ L

1. That the eserine inhibits ACHE competitively when the substrate

. o -
and inhibitor are added to the enzyme at the same time ( i.e. under
n . A £

\ : M ¢ . . '
\ zero enzyme-eserine incubation time). . - .
LN




¢

® ’ . ' +

2, That the effect of hlgh ionlc stfengths is to decrease the percent

.- . .

ihhlbitlon and to :mcrease the K value.

4

- . ' . 4

“3. That the polarographic and the spectrophotometric methods give . ‘ :

‘gimilar results and the‘differences in percent inhgbition and Ky

6 - .
values are may be due to the differences in ionic strengths,

3

4 The camparlson of Ki value, calculated using a polarogrphic

L method with the llteratune values shows that this method can be

.

used for studylng ACHE inhibition by compounds 11ke eserine (-i.e. .
[ 3

carbamgtes)




Part III. Inhibition of .ACHE By 1 ~(4-dimethylamino-2-butynyloxy)-
3-{2-prog;mxloxy) be;‘izéne methiodiae (Iv). . ‘ -

J/

o Inhlbltlon of ACHE by this compound
(re‘i‘erred as 1nh1b1t>r o’r quaternary compoun;l in the. text) was
studled polarographlcally. These experiments were caprled out in a .
'buffer of pH 7.6, ionic strength 0.5, and with O. Ol% gelatin. Since
ioniec: strength greatly affects the ACHE hydrolysis and inhibition,
the ionic strength in this study was reduced, to half of the previous |

value of 1.0, These experiments were also con'clpctéd,w'rtﬁ ‘0.5 units

of ACHE per 5 ml of the reaction mixture.

It is known that the iodide gives an anédic
salt and therefore gives an énodic‘wave'as shown in Fig. 10. C
L
A compa.r;son of thlS mth TCH wave: (Fig. 1) shows that the wave due
to iodide is in the same potentlal range a&s the TCH wave. It ma
) be noted that TCH wave starts ‘at more negative potentials but |
. .

nevertheless the. useful potential range which can be used for

fblldydng TCH production is also covered by the iodide wave.

. . . |
Since -the wave due to iodide does not -
change with time, it was thought that the rates»can be followed by °

ta.king the current due to ,t}u.s wave as the base line and following

the increase in current. due to the production of TCH as befpre, The

data of Table Xi, which shows the ei‘feét of aubatne_.tg’conce tration
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& ‘ . .
on percent inhibition at three .different-concentrations oY this
inhibitor, was secured in thjs way. The data of this Table shows
' ' that the percent inhibition does not decrease by any appreciable
{ - : _ ,
) amount, as-the substrate concentration increases at a given®
concentration of this ‘inhibitor. ‘This implies', non-competitive - ..
. N . A T, - . . )
» inhibition. ' . ' , : . -
" /} But before any-further conclusions o -
* N 4 - I . . Q
. could be drawn. from this data, it was desired to test whether or not -. » -
- one can take the currént_due to the iodide wave as’the base line. To
()Kl : . this end, the effect of similar concentrations of potassium iodide
' z . on ATCH nydrolysis?hs studied and the data is listed in Table XII. -
Table XII. Effect of Potassiim Iodide on
| 1 . ATCH hydrolysis.. .. .
‘ - . [AICH]=6,3%01x10%Hu . E
i N . - .. .
B | - ) contribution to B
i [KI] = 10 “rate, v, % .
- o moles/liter: . umol}es TCH/min inhibition : -
! B Y R .. 0.2, * 0,01 . -
. . A ¢ .
2.52 * 0,09 0.21 * 0.01 13
1 . [4 a - s -
501 0,1/ 0.177 % 0.009 26
. . L » . Q\,#
) 7.6 0.2 . 0.143 * 0.009 4O
. ’ '
) » . ° £
. . A * K
) . \'. . .'n




. g 'As can be sean, potassium ipdiée
affects the rate of ATCH hyd;'olgrsis bg} a onsldegable .amount..
"Ther:agore, it "is clear that, the percent inhibitions liste\d in
Table Xi“g}ehnot purely due to the action of this inhibitor, but

contain

t

A}

a large compopen% due to the iodide intgrferenée.

S~

/

5

Howeyér, the data of Table XII shows

that the apparent inhibition due to iodide is linear with the iodide

concentration, therefore an'estimate of this inhibitor's actiow

can be obtained by adding a value, to the data of Table XI, A
corx‘aspondlngu to the percent decrease in r'at,e due to iodide at
a glven concentratlon of the 1od1de. The inhibition data 'oorrected

1n“$.h1§ way is shown in Table XIII. - Lo

) If this correction is valid; the .
inhibition data of Table XIII shows that there is no detrease in,

- - ” . < " . o
peircent inhibition as the substrate concentration increases and

tﬁks f:\eé:ns non—co'mpetitive inhibition, The Km and Vmaoc')'/alues at’

each mhlbltor concentrations viere calcula.ted and are listed in

r\'l‘ab-l:e'ﬂl\l ThlS data shows that the Vmax decreases as the 1nh1b1tor

v e
N

conbentration increases whlle Km stays constant implying non— ,

compétitive 1nh1b1!clon. It may be p01nted out, that, the Km and

Vmax values in the absence of inhibitor are lower and hlgher, . L

res;pect.ively, than the correspondi?lg values listed in Table VI,
'I‘hese values vere secured wnder t.he same condltm except with -

;dlﬂ‘erent ionic strengths. Thtse values therefore, show that the o

lower ionic¢ strengths

increase the substrate binding‘ to the enzyme
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. Table XIV. Effect o Quaternary\nltrogen ot SO
AT U * dompound (IV) on the Km and Vmax TN e
e L values. S v ’q,_ . :

R AR R ~<“\ - S
6 ~ Lo l* " 4 H ¢ )

[I] x 10 . Km x 10 " Vmax -
L moles/liter moles/liter ~ . ‘umoles TCH/min . . . :
‘s ' . . Tl - ‘ £ . ‘

. Lo . - v e .
. i . . > ; . . ) v,
PR

-4 o0 "7 2.2%0.4, ' 0,39 % 0.02
, - T . . . - T, .
- . 250%0.0% - "l 2.4%0.6 - ~"0.35+0.02. ‘
' ) e s 4 s
5.0 &0.1 0 2,21 0.2 "o 0.30 £ 0.02 —

w0, 750 o0 Maszor 0.30 * 0,03 Lo

P R ",

1

N

I+

T r
N g L

; M.B. Km and Vmax valués'were '(aiﬁulatéd‘ from the data of Table XIII,
"‘, / "y . * 3 4 . . .

s ' . . © N N - .

~ ¢ / B -
and {hgrefore r‘gsults in a lower’ Km value and’ conaequently a: hlgher

Vmaxc, " .,"" T . W N - L

. .o, . R .
.8 . -

N ¢ ’ \ . [

L . - ~, Most, probably the non-competltlve
‘ d-

,1nh1bit10n 13 due to the 1nteract10n of - the trlple bond ‘a centar of - ’

- high electron dens;r.ty, w::.th the acu{lc group of the acetylated enr;yme

I . &
‘as has been obs/arved mth other 1nhlb1tors contalnmg a quaternary,

- ‘

nitrogen atom a.nd a center of” higin €lectren. denslty (25)m Some e ,. e

expeerth.s were conducted by mcubatlng the enzyme and thlS

a - r:d .
. J.nhl‘bitor for as’ long as 7 minutes before adding the substrate. No /. % B /"
‘ cha.rigéi in percent .inhibit“ion y, from the ones obtaimed at zero' ' : -

. 1n(:ubat1.on tlme, was ob rved. Ther’ei‘ore any other cause for non- fo

competltn.ve— ;nhlbltlon. can be uled out... However, to 'bga complete.ly:‘

) . e .
PPA n/ . ' - . * . J

o -v‘ ‘ S . p. ) ' Loe
. | . “ , . . ‘




‘\ sure tha.t this n,nhibltor interferes mth th& deacetylatlon step

-, <

,. (scheme 8), , the ’\ctlon of t.hrs t:ompound should be st,udled us:mg

) -
+ .« a substrate for which acetylation. is %he rat® determining sfép.

.

. . - Thedata of .Tabfe XITI shows that’the

,

p’ercent inhibition at 7. ?R 10 A M [nd 5x 1077 b M- 1nh1b1tor are
N |
- »smilar. Ignormg the fact that the

e'

—corrgctlons used may“not be correct the only possible explanation

odide 1nterferes and t

whlch can be given fq’x" thls behauour is as follows: since the - -

. w .
* 1hh1b1tor 13 an 1on1c salt, at 7. 5 x 10 l* M concentratlon there

may be an a.pprecla.ble cha.nge in the ienic strength end this ;nay‘

be decreaaing t-he percgnt. 1nh1b1tn.oh. . L
- N

+ o ¥
v . 14 ot N . '

’” ~ . * . ! ) ) . L : . : .
' ) " -Because the iodide interferes in the

. 2, ' ' . i g R
polarographic method, it is possible that the conclusions drawn
- ‘ , . % . .. .

-

i’from thé data of Té.b[le XIII may not be'correct Therefor®, the

actlon of th:Ls 1nh1b1tor should be studied by gome other method

, r the chlgride salt of 4this compound should be 1nvest1gated by.

i
!
i

the polarographlc method. - -




the similar results. The dlfference in-K; values. and percent,

" two methods gave similar

aof TCH it has been mentloned in the reéént reV1ews (18) on this

, . CONCLUSIONS
S

© The 1nh1b1tlon of ACHE by eserine was studled
¢

~using the polarographlc and the spectrophotometrlc methods. The

. ;oL
inhibition was faund to be competltlve énd the two methods gave ' '

-

'inhibition obtained by these methods shows that the ACHE 1nh1b1t10n

. I3

is strongly dependent on the ionic strength Tﬂe fact that the

resultB shows that ohe pol&rographlc

.Ameﬁﬁod can be used for studying ACHE inhibition by eserine and

B
other’ carbamates.

£

Though it Waslrepofted y Fiserova-~Bergerova
»

'(17) that the 1od1de 1nterferes in the polarographlc determnn&tlon X RPN

subJect that the 1od1d@ is essential for the polarographlc method i

In thls study, 1t was found that the lodlde 1nterferes due to 1ts
*
&nodic wave in the .same potentlal reglon as thi‘PCH wave. The rétes

of ATCH hydroly51s when followed at -0. 05 V Vs Ag/AgCl were,

v

o

1nh1b1ted considerably by potassium iodide. - [/

. . . . . o o . @
' {g} .. . b4 q :

b o Inhibltlon of. ACHE by the qua&ernavy nltrogen

>

- -

]

compound (IV) was also studied polarographlcqlly. After correitlng

for the inhibition due to 1od1de,ﬂthe data showed onhcompet1%1Ve

1nh1b1tion. This is probably due to the 1nteract10 of the triple

s"n

bond w1th the acidic group on the acetylated enzymeL Becéuse of

iodide 1ﬁterfepence, the actlon of thlS compound sh uldybe'




R .. s \ . -
. .

re-investigated usi;xg the chloride salt or by

_method. -
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SUGGESTIONS FOR FUTURE WORK .

K

“‘The foliowing,suggestions for futuré’WOrk ,

*.

can be made:

.\l‘\.
l lr

»

In this séudy & correction due to the iodide interference was

used ( see Part III, Results and Discussions). Whether or not

N

this cbrrection can be used ghould be investigated in detail. This

can be done by comparing the rate values obtaimed .with ATCH iodide,

after corréction for iodidé inhibition, and with ATCH chloride. If

\ -

:tQis correction is valid the values obtained with the iodide and -
schloride salts should be the same. The actlon of the quaternary

‘ nitrogen compound (IV) should &lso be studied by uSLng the chlorld?

S |

‘O -
-salt, - . -

’

J
&

é.,Theie had been'some'suggestions that acetylchol¥hesterase may

.,

‘also'function as‘the acetylcholine redeptof (3) -There are evidénée§
R

to belleve,that there is not ohe but two anlonlc sites-in acetyl-

'

chollnesterase (3*54) One .has a regulatory functlon ( i,e. zt

.-
47

.

responds,tg the pnesence of ACH-receptor agtivators and 1nh1b1tors)
. . \4 . ’
end the .other one ‘is involved.in the catalytic process. -

IS

¢

.
. 3

The effect of 'second ‘anionic site on the

cata&#tlc functlonlng of ACHE should be 1nvest1gated ThlB

4

be best done g& studylng the actlon of mono~, and bls-quaternary

. nitrogen compounds on the ACHE-cabalyzed hydrolysis of the

o

(3‘

N

'substrate.

LN

Py
v
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’

\

"the solution was diluted tp‘l liter with boiled deoxygenated

o

" solution were added to give pH 7.6. Ionié strength waSradjusted to s

> Appendi% man . T . Lo

o¢ , / ¢ . v

Buffer solutions ‘uded in Polarographic’MetHod.

I

Phosphate buffers of iopic strength 1.0 or 0.5 and cont'aining.0,01%
g'ela’r;in as a maximum suppressor were used in all Eplarographic
measurements and were epared ftrom O. 2 M:stock- solut.lons of

Na-HPO;. 7H andNaHPO H,0 (BQ) . . . -
2HPOj,. THZ0 280, . i . , :

.

Preparation of pH 7.0 buffer used in Calibration by Glutathione. -

1.0 or 0.5 by adding 59.6 grams or 17 grams of AN‘OB' 0.1 gram of

distilled water.: .

PR

’l‘o a’76¢ my. portion ofe 0.2 M NaQHPOh '7H 0 solutio 38, mls. of
O 2 M NaH POL+ 20 solutlori were added to glve pH 750 measured on

E 426 potentlograph. After adjusting pH f.'lh 9 grams of NaNO3 and

"o, 025 gram of gelatln were added and the solutlbn was dlluted to

- , R

250 ml, with boiled deoxygerfated dlstllled water This ylelded ry

buffer solution of pH V iom.c strength 1 0, and D Ol% gelatin.

1y

, e . e .
Preparation of pH 7.6_buffqr used in kinetic experiments.

One liter of buffer solution was normally prepared at é time for

P

use ‘in klnetlc experlments as follows To a 435 ml. pox‘tlon Gf

~

O 2 M Na: HPO 7H 0 ‘solution, 65 =75 mls of 0.2°M NaHzPO H
2 4 2 v

-

'gelét,in was added to give 0.01% gelatin as mas YTum suppressor and




‘Prqgaraﬁion of Barbital - Phosphate buffer, USg'd in_Spectrophoto —

metric Met.hodgb'O) : 2 . ' :

.
> * - 1 .
¢ .

A stock solution was prepared by dissolving 2.474 grams, of Sodium

barbital; .9.272 grems of monopotassium phosphate and 35.07 grhms_ of
Sedium Chloride in one liter of distilled water. To a 250 ml.

".portion of this solution, about 6 mis. of 0.} N HCL were added to

. give pH 8.0 and ‘the solution was diluted to 1 liter with distilled :

_.water, This-sglutioh\was used in _ail spectrophotometric expérimenbé.

]
°

" Phenol Red Solution,

- 1
oL

. 4 . L
‘A 0,014 solution of phenol red prepared in distille{d' water was used.

’
<’




_Appendix g

o . ‘ . . L \ - . ‘ .. ( ‘
-, Calibration using reduced Glutat,hioge '((}SH). . .

15.60 * 0.02 mg. of reduced QSH (II V. 307. 5) were dlssolved in

25 * 0. 03 ml of b01led dlstllled vater /myglve a
~ -~ '

. 2,030 t0.004 X-10™ U GSH sclution.

Calibration factor was secured by measuring :curre,nt, in ua.at,
"~ 0,05V vs Aé/,AgCl«l at ’ttwo' different -concentrations of GSH. The

‘solqtior;s compoéition ‘and current values are listed below,

‘ I45_ooz+ml.opr70burfer+o.,~_oooe,m1 of '
i ' 2.030°% 0,004 x 10 3,M GSH giving 2:03 * 0. 05 x 10 4 M GSH -

Run No., ua_ - ua/1/00 0,03 x 107 M GSH |

»

AR 0,28 ' . 0.140

2, .. 0.300 ‘ C 0.148

- 3. 0305 o T0.s0 L i
e . b “0.300 C T 0,148 " ;
5, w . - 6'.50'0' o ous
6 i

.. 0296 - o6

11, 4.00 + 0:04 ml. orpH70buffer+1oo_001m1. of vt —

‘ , 2030+oooz+x103MGSHg1vmg406_009xlo“MGSH.“"_
L : -8, 0.620, - . 9.153
. e . - P . ; ’ 3 i ...,J_'). ’ i
“' . 9‘ [ L , . Oa 596 . ‘ ) 'vo.]l‘,7 ’ FY ,
N . 0.616. - . 082 . '




5

.
z

Run No, ua_ - Lua/l.OO * 0.03-x 10~> M GSH
’ A} . ; . . ' . ¢

11. 0.620 0.153 -

2. - 0606 T 0.9

An average value from the. above datd secured was :

0. 149 0f006" us/1.00 0,03 x 107 M G&H
/

Cal_iLbration by_usin&Acetylthi‘{ocholine (ATCH). . e _ ) -

I
- -

¢ &

5.10 % 0.02 mg. ‘of ATCH Chlorlde (M.W.201. 7) were dlssolved in -

25 £ 0.03 ml. of :Water to.give a.golution of 1 0L * o 02 x 1073

N
- . .

ATCH Ca.llbratlon factor was secured by mea.surlng currént at

!

- 0. 05 Vs Ag/AgCl after the complete hydrolysis of ATCH by ACHE .
' .
- Two dlfferent cbncentratlons of ATCH “Were used solution comp051tlon

and ‘current values obtained are llst.eudb below. L ' -

I. 35+004m1 opr?ébuffer+05+0006ml ofr -

-3

lOl‘*‘OOZ}lO MATCH+100+OOlml.of16un1ts/ml ACHE T °

solution.  This gavésl.OI 0,04 x 10‘1* M ATCH in the solutlon.
© N . T o
’ . _RaoNo.© . ua’ - *_ua/1,00°* 0,05 x 10~ M-TCH
I VP P | " 0208 ’ .
, . . “0.215. E s oy, - n p

,° .

II. 3.0 * Ouml'ofbH~;76buffér+iOO'+OOlnll of -

3

101+002x lO-BMATCH-l-lOO*OOlml ,of 1.6 units/ml. ACHE

solution. This fa}ve, 2.02 + 0.08 x 10 h M ,ATCH in the solution.

. v .
¢ v . . * \




An average value of the current from the above data was secured as: -

N

'

0.392
.. 0.396

0.203 * 0.009.

&
g

u

. s -

0.19 L a

0.196 ' :

N . 2

a/1.00.* 0.05 x10™% M TeH .-

———_—

o et 5 b 4 tn

K

s Standard Deviation. -

"

.
g =
. ' ’ s
- ’ ’ . ‘
. : * ° . e,
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o er————— Ao s e vt
=3 .

- (1) 0.23 0. 005 ml. of L. 10 o 01 x 10 3M ATCH +3.75 £ 0.04 ml.

~

. run 0.5'% 0.006 ml. of this solutlon was used, thus givipg the T

* ATCH stock"solut.'ions prepared were as ‘follows:

'(4)05._0006’ml of 585 OOBxlOBMATCH+4 Oi0.0_A.mJ.. of ~.

. . , Appendix l‘lcu

-
-

Effect Of Substrate Concentration - Experimental Data
These, experiments were carried out in pH 7.6 buffer (Appendix-A). The

'

‘'stock solutions of Acétylcholinesterase (ACHE) and Acetylthiocholine . \

(ATCH, M.W. 201.7) were prepared in boiled deoxygenated distilled

water. The;.se solutions ‘were kept referigerated and were 's_tabléi for

45 days. T “ I

[ACHE] = 0.31 * 0,01 units per 5 ml. of the reaction mixture.

-

A O 62 * 0 02 units/ml. stock solutlon of . ACHE was prépared. In each L

-

concentratlon of ACHE egqual to O 31+ 0 01 units per 5 fl. of the

” .
- . ’ ’

reaction mixture. . - o L : ’ e
. -3 -3 =y
1.10 * O..Ol x 10 M, 5 85 0 03 x 10 M “and 1. 99 * 0,01 x19 .

o

Seven different concentratl_ons of ATGH were” studied and -the solutiong

ifivolved are listed below.. . - . ) . o 2T

of Buffer glV:Lng 6.1, o 1 x.10 =M ATCH. i’_" ' : Co , . A
(2)05_‘0006m1 of 1.10 * 001x103MATCH+z,o+ooz+m1,or Lo
buffergiving 1:10 * 0.03 x 107k AToH, . - o - e

. . T .
(3)100 OOlml ofllO oolx103MA'1{CH+3.5iq.oz,;;g.of' .

buffer glvmg 2 20 ¥ 0. 06 x 10 hM ATCH. LT - f

buffer glvmg 58*01::10 MATCH Sy . R

’ » , ) i / =4




\
-_

o
.
. R
.
ll‘

N -

(5).1.00 %

0.0l ml. of 5.85 * 0.0
buffér solution givingl.17'% ﬁ;/j)z x 10 °M ATCH.

+.0,006 mL." of 1.99 * 0.0L
-3

(6) 0.5
bpsfer giving 1.99 * 0
(7) 1.00
: buffer giving 30 98 0.09 x 10

/"\{' X . .
.~ The 'r‘xitialfrates in uva/min.,

_/Xlo

0.01 ml. of 1.99 +Ole102MA’PCH+3 +

s

X 10721 ATCH + 3.5
3 .

x lO-ZM'A"I‘CH + 1,.6 +

U ATCH

M ATCH,

o

0.04 ml. of .

.0.04 ml. of

conver'ted“tto umoles I‘CH/m_m obtalned

w1th each of the above seven concentratlons of ATCH are llst,ed below:

- TATCH ]

e
. .
~N o

Yy - [

ua/min’ -

o " ©

)

umedes TCH/min

‘}1) 6.1 + 0.1 x.107°4

- Average ’

'+ 0,03 x 1070

7

o Kverage

*.0,08 x'-1of4M

-,
- -

X . - . Average

.0.018

0. 012
0.0y

0.010

0.012 £ 0,002  0.030

-
»

0.018 .

o
»

_0.018 - :

0:018.% 0.000

-,

0.028 <, . -
o ‘ ‘ : '0.030. -

" 0.030-%

s 5

10.00t - 0.07%

{4Y 5.8 + 0.1 x 10 by . 0.044
< - : . 0.048 o
. + N . . . . - : - K -
Sl * - Average 0.048 * 0,001 ' O, 118
. ’ . \l_, .. JR
’ A, o ® {
. . . . ' ) :,-"
b C ." : y ). ' : . . - i
. ‘ . M . g - . 4 M '.l'l
. e o et .
- . . s
A /\ e f . o

* 0.006 -,

1

0.04 * 0,002 L

+ 0.005 A

0007 o




» i 73
. SR : . -
‘_larcH) - ua/min_ umoles TCH/min ‘
, ’ _3 S . -
(5) 1.17°+ 0,02 x. 10 °M ° . 0,056 ' , RS
‘ : : < 0.059 e
s o 0.058 - Ke
O,QAS ’ - . 7 : °
. . Average .  0.055% 0.003  0.14 * 0,01 © .
‘ c ., * . L _3 , . R .,
(6) 1.99 * 0.05 x 10 "M . -~ 0.060 ., oL
B -~ ) ) . 0:057 L s o
\ - 0.055
g . . "0.058 ; ]
‘ ’ R . 3 a' l i B ) ., .
| ] . Average 056 * 0,002° ~ 0.14 * 0.01 '
| .. ) . L h -
X . - - o |
‘ S (7) 398 £0.9x 107 0,055
‘ i . v , . . * ‘ . 07-055 5
' 5 ) ; ‘ © ., = % 0,053 ‘
‘ . < © --!—'-Z—O.Q 6 ) ’ '-5.
' ‘o ‘ g ‘ - e
H . L " ° . Average ~ 0.055 ¥ 0,001 _O.ILi 0.01 ’
‘ | . 7 : N .B. Average dgv1aplon'and maximim p?g?lble error,ps.gd t:hroug_hout.
y ‘- B . ’ ‘ . : ' 7=
‘ t L o I1.-[ACHE] = 0 0. 02 unlts per 5 il of the reaction mixture. ,'

| A
| ‘ T, Al.02 t 0 b3 unlts/ml stock solutlon of ACHE was' prepared In each a

’ Arun 0. 5%+0, DOé ml of this solufuon ‘was used; thus giving ACHE

] . o concentration of O, 5 + O 02 unlts per 5 ml, of the reactlon mlxture.
| ATCH stock solutlons-prepared were, as folloWs:
AR '_992 oo5xlo‘*M h96001'x1033M and198+o'01x10".2M~
’ Lo Elght dlfferent conce ‘ Whs of ATCH were, used The compositlon
, ; of each solution.is llsted bel ' -
: , " s : © f“‘\ ._." ' " o - S l" I ’ ’ 3 .,
; T r (1). 0.5 = 0, OOé.ml. of 9. 92 0,05 x 10 M ATCH +'4.0 X 0,04 ;&2 of - B
1 f - Dol £ v oo h T
o .t o buffer glVlng 9 9(*.0. 2 x lO 5M ATCH., - v . .
| ‘ ‘ - oot . . 1Y E - . .
T IR '.:; ‘ §
F d - ..f “ 7 ! et ‘. .9 ;‘ - .
- . ! - ! ! : ,".' V,':.
- s ‘*,\‘ - T - w3 . o L. ]



14 g M . . 3 . 4

’ ’ LY h ‘ R ' o' "f ~ . R
3 . ¢ d B " eo T ’ : ' . LS ’ 72:"' .
. N .,' o .~ . ) ' ‘ - . ) © -ﬂ ,t-\\\ .
L~ ' (2)100 0l'ml. of992 oosxlol’MATcu+4o+ooam1 of 3
/] i N RN _— ’ - - o
{ ‘ ) buffer giving ‘1.98 * 0,05 x lO e ATCH . o T .
- - Do ey ‘
{. = t¢(3y)»o.4 0.005 ml. of 4.96 % -Q.01 x 10 | ATCH +z+ 1 0:04 mI. of .
’ burfer glvmg 3.97 * 6. 09 X 10,« ATCH. - / : o
| (1,) 0.6 0.005 ml: of 4. 96._ 0. 01 x 10 3M ATCH + 1.9 +,0.04 ml..of .
buffer giving 6.0 * 0.1 xrlo..hM’ ATCH. _ T . ’
.(5) 0.8 * 0,005 ml. of 4.96 * 0.0l x 107°M ATCH + 3.7 £ 0.04 mlk of | - .
) . . ,
“buffer giving 7.9 * Q.1'x 10 M oaToH. . L , , N
(6) 1.00 * 0.0L ml. of1+96 0.0 x*10 “M ATCH + 3.5 % 0.04 ml. of
4. T
buffer’ giving 9 9 0, 2 x 10 ‘M ATCH. T s .
-2 . . -
’T' (7) 0.5 + 0,006 ml, of 1.98 £ 0.01 x 10 MATCH+1+0i0.04ml."of ,
-3 o ;
! buffer glving l.98 ¥ O 05 x 10 M ATCH, B .
. . ; ‘ B
(8) 1. oo ‘0.01- ml of 1. 98 0. blx 10. M ATCH +3.5 % 0.04'ml, of
. 3 R e . ,
o buffer giving 3. 96 '+ o 09 xlo M ATCH ‘ ? - )
. ’ . , , - K . . . T ‘ o . ‘ ’
In:l.t.;l.a.l ra.tes measured as. ua/m:m and. converted into umoles TCH fin ; ‘ . .
at each of the above elght concentratlons of ATCH are llsted below.
t . , . . B Lo . T . . ‘ . - J .oTe , L
,' a . .[AT@H | . ud/min o umples TCH/min LT e
5 t r ‘ ".’ ; / 7 g : ) l I- . - ‘.
(1)99 oleoM , 0.028 = . | ‘ S
, . 0,034 o L -
R g . Co.o . 0030 . o PR o e
' L S L Y . S .
o , Avgrage " . 0.031 % 0.002 ' ° 0.076 * 0.008
-.\A; ® ) s ‘-Ll, 1 ) . ) I . . - . “ : " }
@ 1,98+ 0.05'x10.. M+ ~0.056 s o
. . N\ T 0.053 - ‘ T ’ M
ST A © - 0:052, o T
. P 0.052 " " A ce
) (s Aversge O, 5753 £ 0. 001 . 013070008 - =
oo s 1w
. § - Lo
v “' i :




P lareg) -

ua/min

. ) umoles TCHymin
S . N N . ~ ; -
{5y o ‘? (3)3.97 £0.09x 10 M 0064 . e s
T — M RS ’ O 078 o -
P T SRR Rt SR .
VAN .o . L_O_Z‘_S_ v T
! " ’b\‘ - . ,’ . - " - .\.
T o . Average 0.072 + 0.005 . 0.18 t 6.02
- ¥ hd -
e . ', . c a7 . .
W, - . (4) 6+0 £ Q.1 x- lO M . . 0.092 o -

* o" 2 , - N ) . ) 0.090 . ‘-' - ‘.
vy oo o . S 0.090 - ¢ \ .
4 e.) J 0.084 "° ‘

N o , 3 0 0,08, ¢
1 A ¢ L a ' -~ S L ﬁ
- R Average = #  0.088°% 0.003 . 0,23 + 0,02
- e, el P e e b
Cm e (Y 19k 0.1 10 7 M .. €.092 g
": ‘ - n. ’ . Onmé ., .t
K ' . - f\{\/'/- 0.09[+ o T
< pr— . . v ‘. ‘- ‘ . “ O'wg 3 v . - .
p .. - oL e e 0,100 - A e
. SN/ L p 0:00 -%- - ! -
| . e ] ki . == . .
) ) . . , - k : s
VU . 8 e Average 0.095 * 0,004 0.23 * 0.02
’ v ’ ' R ‘o T Fa o
. e # / . - .
» . Y .- .
'} " E ‘(63&3 9 + 0.2 x 10 AM g - 0.092 .- ARV
‘/';;: * Z.I ) ot 0’9.94 . ’ v ) - ’
. . 4 - _"‘ ’t" t 0.090 ~. . o .
b “l * . M ). ‘. R - .O“.O()l{. . - o" ‘5
T - A AN <. 0.108 ' o
RS VN T 000 L
; - [ IR v - '»t' ' . L ~ . 4 . s 3 ‘
: o ‘ oot Y 1 Average ‘ ’O 096 0. 004 0.23 02
.o - e - b, -
. : - ., £ . { ey . PR " . U ee -, N P - 4 PP
- . } - e, r ‘. s i 3
S ) 1982 0,050 M - 0.100 . )
" r Ut e . 0.098, Vet
) ST v . < O.lOO -
«' '-‘ P “; o 2, ) o ) . .o, . .
. . é , .. , . I
X - * Avérage: ° o 099 0. 001 - 0.2, £ 0.01.
—_— - L , Y - . [ . R - o .
>, '. ¢ @'. ‘ {‘b' ~ - ' ’ - ‘:' v T 4 .
o pr © s . - - o - 4
- , . q~.-'t‘_ .
2 ' .‘ . . x, 10 Ml! '\WB " . o M ';
‘ - ‘; ® - } ) ‘ v ! { i _—_L_O OO .- : N \ . " P , v
" ¢ N . ! Ve, i “d . . ‘? ' ‘. .
| RN Averégs "~ .. 0, 099 0.001" .0+ 0,00
. ’ s ‘” R . ‘\ ‘./ . ': - \l ; , vy ™ -}‘ v . -
. . > LT e > o i ’ N l.', Vo ) ‘
P ) A : > S T [
‘f" Y Y . ¥ g . . ° I . i v - .’ \ » ;/ '
1o e L T N S TSP |
4 : o ‘.‘ s ’-.. . N :" é ‘(9 ’ M ) w‘ ‘ .' ’ P ¢ . . ‘.' ’ ’u} p [ A "‘
‘? - SN . L s o e "l" [T L“"” o , y ‘{ ' , .0 )
."n', d . q 'Y ., )‘0' M "'l‘ - i L L. j N vl 4, - :' . 'n“-. \,* v, ¢ \'
NG ?f e e 0 e g et A - ™ IO SR
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[ACHE] &‘f O 03 umt.s per 5mli of the. reactlon mlxturi

1 ul _‘_ . - a0
’ Rall
o, .

A l 61 ¢ O 05 unlts/ml st.ock solutlon oo ACHE was prepareél In each
c
run O 5 o, 006 mI. of thls solutlon Was ﬁsed thus g1v1ng allnal

.ACHE concentratlon of O, 8l + O 03 units per 5 ml of the rea

ion
& LR
) mixture »
ATCH stock solutlons prepared were as follows . ) '/ .

-3 ' =)
\}.05"‘0013(],0%’[ 517 003}(].0 M»and200 0.0l,x-IO M.

’

Six, d:l.fferent, concentratlon oi‘ ICH were studied. and the cdinpdéitioh

‘of each solution s 1:Lsted belbw.

) ',,'9

(l)O. OOOéml oflOS_OlelO MATCH+AO:“.'0.‘OArgl. Qf'

l o« P ~ N . : .
buffer g1v1ng 1 05 % O 03 x10 l+M ‘ATCH. .' : e s

A ,

(2) l.OO. 0.01 ml.. ‘of 1 os + ooi x 10 3M A’I‘CH + 3;5 £ 6.64 ml‘.' of
' buffer glVlng 2,,10 0.06 x 10 My oaton ¢ ,; ' § '
(3) 0.5.% 0. 006 ml 31‘ 5.17.% 0; 03 i 10 3M ATCH + L,‘d’+ 0.04 ml. of.,
Qufrer glving 5.2, ¥ 0. 1x 10’1’M ATCH. e B ;', ¥ oo
(/-r) 1.00 # 0.01 ml, of 5' i7 #o0. 03 x 1o BM ATCH + 35 * £ 0,04 ml. of

. ' : A P . n e
buffer glv:mg!ls 03 3 X lO M A’I‘CH < ’ .o

- (5) 0.5 * 0.006 mll of 2 oo ro.01 x«m"zM ATCH, + 470 % 0404 ml. of ~
bufrer giving 2. 00 -0, 05 x 10 3M ATCH. | | o ’
(,6) 1.00 £.0,01 ml 585,00 * .01 x-lO 2y 5"1‘”(‘:}1@»3.5,'& 6,@4 ml.(_;;f
buffer/glv:mg 4.0 * 0. l(‘gi lO 3M ATCH o | .

v
I

'Inltial rates in ua/m,n converted to umoles TCH/mln, obtamed wlth

each of the above splution‘are l;sted belo_w. . / . 0o
- NP . 5 . ) . ) Lo . s




e ————————————

o

. [ATCH] : T ‘ua/min

(1) 1.05 £0,03 x 10™% 0,048
’ -" . ' - 0J046

. P 0.047

 Average: . . 0,047 % 0.00L

S R
v 1(2) 2.10,% 0.06 ¥ 10 1

s

.
’

' Average

.

L'M - e, 0.119
£ 0.130
0.133 -

’O 125

. Average’ - 0.1:27 s 0.005

DR

’

»

.

S
(4) 1 _o.oz.x"‘w Mo 0169

0.185 '
0.168
-0.168 -

10,168 210,001 ;-
(5)2.00 £ 0,05 x:10.°M | " 0.169.
L e o 0,168
ot 0a7R. W

Average "¢ 0,170 * 0,002
x . : :’\ 0.162
R O 1614-
0,170 & -




s 53 ’\) / These were pr%ared uflt‘h bolled di%(lk/d/water. " IR

»,
3

.4

-~

ol

@

B solutlons of ATcH prepared were: ‘1,11 * 0.0L %10 -3 M, \ ‘

’ ., ~. Pre ratlon of Acet lchollnesterase solution: The ACHE stockp solutldn

, . ) . ‘ o . i ) ot , \
" ea'ch'isAgi*‘{_e\h‘ 'be‘low.\ii " v Lo, . . T v

+ 2,22 % 0,06 x ‘*MATCH and 1,10 * O, Ozf 10~ -6 Meserme. 7

"
- ' ., . 1, . ' - o
L) ) P - B o . ~

. Appendix “DU

R

, Iohibition by Eserine — Polardgraphic Method - Fxperimental ,D:;'ta. o \ ,
[ . ’\ ‘ > N . . ’ . , . 4 . . . ' . -‘\A . ) -

: Preparati'on of Acetylthiocholine Solutiong: The four dlfferent stock )

"-5 04v+001x103M 75o+ooleo3M andl988 + 0,004 x 10724, -

- s
¢
7. . r "

A Pt # ‘

prepared was 1,03 * O 02 umts/ml., prepared in’ bo:Lled dlsta.lled ‘
water. < RS S

. N _
re a.ratlon of Eserine Solu 1o‘n A h 21 0. 02 lO 5‘M»-s'c,ock - T e )

. ¥
us

. :Zlutlon of eserlne (M, W 275 3) was prepared 1n b01led dlstllled =

. . . a2
AT T SR
) - ’ : ) ’ “ ' AN < - v -, X y ‘ . .
¢ . ’ o L FREN 9 £ R - ',‘/’ P
'Qwety-fdur’, di'fflerenfc ‘solutions were studdedignd .the composition of'. UL

¥ T

. a . .’
. . . Y] . v s L .

. ) ' A 5 ‘
” f £

(1) 1.00 #0.Q1 ml"fgf 1.11 * 0.00 % 1073 M AT'EH,' 3+"3.,5‘ +0.0hml. of . o

| . Yuffer givmg 2,22 * 107% u ATCH, N A .
¢2) 1.00 t'é,p’l nl. of 1. ;}xc 0L x 1653 M-ATOH + 351 %0, Ol ml »or s
”%uﬁter ¥ O.;L.B“ * 0.001 ml of L2l «%02 x 10 = M eserine, g:,aflng " to

n

¢ o
(3100 OOlml;oi'lll 001x103MATcn+325 oOl,ml,of
bui‘fer+0250""OOOlJml/«oi‘421 0023110 oM eseri'ne glving
222 QOéxlOI*MACHadélO 0.04 %10 él"féserlne'!:(_"

. o

(b)lOO*OOlml.ofyj\ll o“01x103MATCH+3oo+ooz,m1.~gf;.:...:' [ W

* ,,\ T
buffer + O 500 0.001 ml, of 4 21 + bDZ X lO’i M eserJ. e , glving A Lol

“ ¢ Wt
n: s K L .




Lot . wd .o * . o~ T . -

r/\’d—_ v . R

"\ N \I * -
2. 22+o OéxlO'L‘MATCH an

0.07 x lf)"é M ese:rin'ew ' : e

4,21 *

(5)05 0,006 m1, o.f.‘501++0 xlOBMATCH+I+OOi;004ml of-

Py L.
P

buf;‘er-giving 5.0 O.l x 10 s M A CH.

(6) 05 ooosxﬂl'. of 5.04 * 0,0T

9‘\..

OBMATCH+387+OOhml. of - %

buffer + O 130.%¢0, OOL ml, of 4.21 * 0. 02 x 10 5 M eserine, glv:mg‘

A}
a

T 5,00 0.1 x 1074 ¥ ATCH + 1.10.4 10,02 x 10~ - M eseririe.
3 .
| (7)05 0006mlc.\of504+0013010-3MATCH+375 Obhml of

P

buffer + 0. 250 + 0, QoL ml “of 4. 21 O’*OZ X lO M eser:,ne giving ¢ K

i

5o+01x10r’*MATCH;nd210+ooax106M eserine. .. . L
. (8) 0.5"% 0.006 mL. of5oz,+oo:Lxlo3MATCH+35»2004n11. of’ oy
‘ﬁbuffer+05+OOOlml othliooz;clOSMeserme 'g1v1ng‘ \
50 lelOl*MATCHandAZl“iOO']xlOéMeserlne. oL o )
4(9) 05 0006ml“ of750+002x10'3MATCH+A\MOL‘ml of‘ 4
. buffer giving 7.5.¢ o.zx.lo‘*MAToH ,»' - " R

P
(10) '0’.5_,;;;.0;006'?&,1' 7.50 %0, ) x 10\3 M ATCH + 3 87 .+ 0.0 ml.’ of
~ buffer + 0.130

001 ml of 421 * 0.02.x 10"5 M eserlne, :wlng A
& .

75‘“02;:10 MATCH andllO’*O'Oleoélﬁeserlne. o

(11) 0.5 "OOOémle of75o+o.ozx103MATCH+375_004mL of!

R\

* buffer + O. 250 + .0, OOJ. ml. of L.21 * 002 x- lO 5 M eseg*lne glvmgf

9.5 # OQxlO"l*MAT_GHand210+004x106MeSer1ne.

)

(lg’)05i0006nur750*0 2 x 107 MATCH+350+004ml.

l;, ﬁf« /

. buffer + 0.5+ 0,001 mli ofazi\H)ozx 107 ¥ esérdne, givlng
75+@2xlOAMATCHAandl+2l 00’7x106Meserine.

. (13) 1 00 0,01 mi,’ of 5 04_‘ 0.01 x 10" M ATCH + 3,50.% 0.0a‘ml." '

£

' of buifer glving 1,01 "0.02 % 10721 ATCH, o et
B \ "‘3 Mo
- (14)106’+001m1.of504+001 10 MATCH+3.,37¢OO¢,m1,,of; R
1 ‘ X e ‘! A ) y

. e . {
) . , . ‘ R \] A P ~ ’ ; '
. v . . . [
l

R 1

N
:
;




‘a

[

[
L

. of buffer giving l 99 *-0.05 x 10

S of buffer + O, iBO + O 001 ml. of:a 21 * 0, 02 x 10 59M esqr;me, g;w:m,g .

buffer‘+ 0. ﬂ .001 ml, of L.21 +0.02 x 10-5 M eserine, giving -

s
-

l 0l * 0.02 x 10 “ M'ATCH and 1.10 +.0,02 x 1070 M eserine.
(15) 1.00 * 0,01 ml. of 5.'04 * 0.0L x 10“3 N ATCH + 3.25 % 0,0h.ml, -
of :buffer + 0.250. % 0.001 m.L. “of 4. 21 + 0,62 x 10 -5 M esemne glvmg s “

-3 =6

llO+002xlO MATCHanleO*’OOI.;le Meserlne.

)
(16)1oo+001m1 of 5.0} Ole-lOBMATCH+3 0 + 004 L. of N

buffer + 0.5 *.0. OOl ml. of 4.2 £ O 02 x 10 = M eserlne, glving

4

| , e
lpl+002x103MATCHlandl+21 O;O’]xlOéMesemne. o
(17) 0.5 & 0,006 ml.: of 1.988:%0.00) x 167 {ATGH + 4,00 % 0.04 ml,’
Sowaren, T o0

(18) 0.5+ 0.006 ml. of 1.988 *+ 0.00k4.x 10 =2 M ATCH + 3. 87 0. ol ml.,
- I3 . * v ~ s *

199 % oosxlo‘3MA'fCHand110+oozx106Meseririe' A

(19)05+0006m1. ofl988 0,004 x 107 MATéH+375+ooam1.

of bu.f.‘i‘er + (3250 * 0,001 ml, of 4.21 * O, 02 x 10, -5 M eserine, g:w(lng«_

»

"\3199\0‘51:10 MATCHa.nleQ OOhxlOéMeserlne.

Pa,

- of bu.f.‘.fer glVlhg 3. 98 + O O9»x 10

(20)0;5 0.006ml. ofl988._OOOl;,xlO%MATCH+3 5o+omm.

of bu.ffer + 0,500 * £ 0,001 ml. of A 21 +0.02x i‘Q\ M eserine, giving -

-3 M ATCH and L.21 * 0, 07 X 10‘-'6 M‘eserlne.

(21) 1.00 # 0.01 ml. of 1. 988 ¥ 0,004 "% 1072 M ATCH *+ 3.50 * 0.0l ml. -
MATCH ! CL s

4

199 +005x10

(22)100 0.0l ml, ofl988+OOOL|.xlO\ MATCH+337+oo$m1.

of buffer + 0,130 * O OOl ml. of 4.21 % 0, 02 x 10 xB M ese;jine, eg:wi.ng
” n‘l ° » -~
y -3 -6

©3.98 % 0709 x10" M ATCH a.nd 1, 10'+ 0,02 x 10 * M eserine., .

" (23) 1.0 + 0.01.ml. of 1.488 * O. ooa x 10 M A‘rCH +3.25 ¢ 0.0l ml.
‘ r




2

3gé+009x103MATcnarrdz;Lo OOhxlO.éMeserJ.?e_.
(24) 1,00 £ 0,0L ml. ofl988 OOOhxlO 2 M ATCH +-3.00. +bOAM"
of buffer + 0.5 £ 0.001 ml, of" 4 21 0.02 xlO =2 M eser:me g:wlng ,
3.98 * 6,09 x 10 =3 M ATCH and- 4 21 £0.07 % 1076 U eserine.
M.B, Fach solution also contained,O, 5 %0.006 nl: of 1. 03 + 0,02 |
urfits per ml. 801ut10n of ACHE Thus g:w:mg O 51 0.02 units ACHE
'Per 5 ml. of the.reaction m:uc‘ture. ' LT I K
":Initial rates obtained.with each of the aboye solution in ud/min
and converted to umoles TUGH/mn.n are listed below. . .
' _Soln, No, . [ATCH] " _ua/min ' umoles TCH/min -
’ ,‘.‘ 4 .”:} ‘: . - .. °~.“- ‘
L Lo 222_006x10M , s . v .
[I] I . " 0,052 | R o -
-, 0,053 o e e
% ‘d*' /' . ¢ e ' ’ - . i ’ ', ’ -
- Average f\052 + 0,00l - Q.13°t 0,01 o
S [1] 002x 0% Yoo L ST
.‘0, N .‘l' ‘ . ! - O:Ol"l"' ) ’ [ ¢ [ ;
N . ": ‘ e ' - . - 0,041 L . B o .
e e T T ’ o '
SR :_ © ..  Average, * 0.042, % 0,001 0.10 * 0.01,
. ’:'5‘ .‘ v R "\ ) 3 . . ’i ‘
/ 3. [;[]’ 2 10 ¥ 0, oz, x 10 6M 0,036 . R co T
s ' ' ’ N \ . . ’ ' ‘ 0.0334 . - ® 4 - ‘
: y".\ P . ‘L " ) .0,032.’ L “ - ‘ )
' g . ¢ ’ ’ ﬂ‘ i - ‘, " ' - h
e Average’ 0.034 % 0,002 0.08.% 0,009 .
‘ K g j } , . - K . - .
Ty I stands I‘or Eaerine. ' ‘°-' o ,D'. © - g NPT vt B
P A ¢ - ‘

3 ¢ a
- 81!
Y ¢,
’ .
’ 4 ‘ ‘ r- " - N B
) . ' 4 . :
, N . T . 4 : . ' : ‘ / T N

of buffer + O, 1250 + 0,601 ml. of 4.2 * 0,02 x ‘10 -5 M eserine, giving

N.B, Average Deviation a.nd mximnn probable errar used throughout o :

I
%
R




ua/min

[ATCH] - -

] =420 + 0,07 x 107 0.026 . *
ST 0.022

s -

Averagg ' 0.02, '+ 0,002

r
I

5.0 + 0,1 x 2.0~

. -
-
=,.0

.

L 0,08

. Average 0.080 ++0.002
-~ “ . e . " 4
6., [I]’ 1 10'# o oz x 10'6M 07 "

PR - ‘ -', T
8 % .. Avearge ’

_". o .

[1} = 2 10 £ 0. 04 % 1o 6M 0.058
i) . .., 0.060 -
S0 \ S 0,05

' .- 0,058

0,062 - .
A Avg}age Q.OSSOi

& .- .

AN
XN
*

.o o ‘v
. . 4 -

.
.. P
..

1

0.002

R 'Avgi'zgé-' o o oas o, 002

o A * i > ;

‘Q’" ) : '.c-‘ L

8., [1] 21‘°+ 0.07 x 10 oy oo T
] . R S N R
. ., . 0.050 -

R S NS . 40,0k oo

0,067

-0.01 L

+
- * »
- v
¢’
ot v R
. .
s
P
o
- -
z
I& ’
.
0.20.% 0.02- : .
.
‘. . N
[
- . W »
..
d ‘ . 7
—— : §F . *
. R .
.
. .’ o
. » , \
. -
0.16 * 0.02
» T .
. .
s
: Pl ‘., — E
- ? ;
. - o
- . - -,
r "’
<.
.
0.1, * 0.01
- \,
! ‘
P - :
s " .,
.- SO,
¢ '
-
. ?
. o ,
/ ’ . - .
r Y ey
g L
‘. - s 4 H
0.12 + 0,01 - N
- » . A
+ @ l‘
v, : ! v, e
‘ t ’

-
.

.

A

£
.

|

|

4



[ATCH] ..

10.

.
v, 7
- '
. 11,
-
I
\
Y
.
.
s
-

.
,
*
.
13..
)
e .
F
, '
= i
8

[1F = X410

o - ) B

' 75_02xloh «

Ll1=o0 | ]

v

-~ . -
R,
~ N
®
s v

Average . :_

* 0,02 % 10

eeo o 'Avef'ag'e ‘5;

>

[1322,10 + 004 x 1070

N\ . ". - .’

’ﬁ.@ver'a'.ge ’

. B

[I]—h21 O®7oc106M

I

‘

. Average ’

. .
. .

’ . PR
p

¢

-

ua /inin .

umoles TCH/min

o

‘0,18 £ .0.,0L

" 1,00 + 0.02 x,10™°M
% “ ‘ v . K
mi=o* ., ..

¥ .

oo, o~ T

0,068 PR

.

07100 T g

VOCCBZ’ "o . ‘ ’

0.093 - .
OlOO . )

0, 09 % 0. ooa 0.3, »
0.088, . .

0.086. - .
0.0Q& o - ) "

" 0,086 i“d,,ooz 5 0,21

0.076'. .
Ou 0‘71' ' !-: = [
O 072 ‘., ' ,® f, . R

-

0013 oooz

ooes
-0J08y . ;

-

. 0.066 + 0,002 0,16-% 0,01
P . R “"

o >
=

Oilpil'i ',' -' . : L.

’0.1014. ' 4 —_—

0,101 ° - S
0.100 - c

0.098 ?\“" . L

0,100

’

,




b Soln. No. [ATCH]
-,‘ - A . , ‘ , a ‘ -‘ - . “’
' . 1y, [I]=1,10 * 0.02 :,_;Jo‘if’m
\ ¢ - ”
% A N ) Average .-
. to- 1] OOAxloéM
0 “ . ’ :
' S v - . " Average,
., a L . : P

' = 4,21 0,07 160

’

f

N2 [
v A . ’
i - ~
., ‘. b
P . Average
. .

.

,

- -

BRERE:
S LA

o.os x 10 ~3M . -

.

0,105

3
O

0085 -

.. 0.082-

0. 085 .

0,084 *

0.072
0.072.
0.077 . ‘
N7/
‘0,070

- 0068

0072

v

0002

" 0,103
0.105.
'é;lQO

,

: ’o.103.¢ 0.002 -

’ ‘ '

)

0.09h .

04095
0,095 - -
0,093 |

»

T
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oy . .
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.
\
2 ’ ¢
‘
g .
5o
-
<.
L4
. .
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- ’ o,
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N . »
* 1
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)
*# 0 f *
Y e . ¥
. [ ] ' .
'
‘: - » .t ub
\Aoﬂ} q g

£y s
‘
.
ro '
N &
*
. . .
4 - .
»
+ “ x4
’ g
LY B
n
'
’ -
. ¢
. - )
. [ .
e
i >
. a ‘s £ s
rs
” .,

(ERTIT ¢

Soln. No.

[ATCH] . .

. #

<

19.. [1]

-

4

PR ’ %
. B
.

. " .Average Coe

o %
o

¢
& »

‘ . © ‘Average -~
i' o . '. ) °. . i . "

s 0.0‘)x

v )

&

Sy=0 .o

. . -

; 0.103 Ty

-
+

- Average |’
“I ) . v - 'y \

‘e

% 2.10'% 0,04 x 1070M

‘=42 % 0,07 %2070

107

IT] = 1,10+ 0,02 x' io'?p;

~s

v
ua/min

0.087 ..., A .
0,089 . C
0.087 - .o
0.087 & =~
0.090

0.088 * 0,00L
| .
0,085 - Y .
0.084 ;o o . St
” 0,086 o
0077 ’ '
- 0,083 co
..0,078" ‘

4

*

- oy
»

0,100 - A , »
0.103 ~ . L o
.+ 0:100 . e
©©.0,100 ‘. .- SRR

. .
/\ . . '
. ” - .

70,101 :@ oastoo

’

&

v Fs . !
00995 v e

, : L. .. 001017 © o o
T4 e L . . (e v .
R ‘ 800, a
7 T Average “’ 0,100 * 0,001 .
; | ., ‘ ‘ . "- .. ‘ . ) D‘ | " - 4 't"' s «
23, "1'= 2,10 £ 0,04 x 107 0/101. .
L oy i : 0.097 ’ v i -
: “ : ‘. > 00999 e . ’ 4 ,
ST . hverage :0,699'+ 0,001.. Q.24+ 0:0L”. |

¥, .

~

'19"

& -0 ¢ oL
v, - .t " ,Average
'w.” s i 4
Lo S -

. .
0 . #
¢ . N . - .
. . £ =
’ K * #
»
t, . » 1 . LS
- . .
v P L
A ° A T s

bRl % go.o%%l 19’6M

e ‘ . .
."0,092 . Co N ;
. 0‘921 € N . " ! s ’ o SN ," o "“‘

. 6,092 % 0,001

’ -
R o -
. ’ i
0.33 + 0,01 . .
S ! o :
[N ‘\x, [ )l ol * a‘1.
r 4 - ; \
- * N ! y ‘ . e ‘. ’ v i‘
. . . "l“"
) 5
, - Py . S i
f i LA T !
.
H ‘ * . et 'G’ ' [
N . i PN
i @ . Y Ll
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Inhib_ition by Esgriné - Spgctro‘ph.dtometric Method - e¥perimental data.
/ oo » . Y

- Acetxich‘olinéstefase Sblutién: AL.06 20 '03iunits/m1. staek soludion

IS

. . of ACHE was prepared in b01led dlstllled {water ’ .
Yy LT ] § . e ' ¢ ’//""

P ' ‘Acetzlthlochgllne Solution: Fhe stock, solutiony of&TCH prepared .

. ",,'-were.107+001x103M 506+001x103M,,and' -

[OOSR S PR AN 3 Y
)
.

‘2,003 X 0.004 x 10” M These were prepared 1r‘dastllled water. .

- ot d ‘ . * F ’ < - * . v .O? . s ) / ¢ !
. T _Eserine Solution: A %4.17 * 0.0l x l,O,—5 M stock solutioh oi‘ eserine |
1 . . , » N L. ¢ , .

g was prepared in boiled distiiled water. . |

. K > ) . P
4 R - -
. L4 ‘ . .
? P 3 “ . t. . L] ’
¢ “ . o e ’ . . . o
.

2
. Twenty dlfferent soluthns were studled and the composnlom of o J

"

each solutlon is l:Lst.ed ‘below.‘ ' : - . N
- s . , . - .- . ’ - ",;,
. i s S ,
: (l)loo+001m1.oflo7 0.0 10 MATCH+320+ooz,m1. |
ﬁ oL . N *

-

) 7 of buffer giving 2. 1, 0,06 x 107 M ATCH. &

-

(2)100 001’1'.1 of 1,07 + 0,01 1 OBMATCH+307+*004m1..

. T oi‘buffer+0130+0001ml. ofh17+001x105Meser1ne" .

e ’
e 'glvmg 2. ltgﬁ 0.06 x 10 l"M ATCH and 1.08 + O, 02x lO 6M esenine. o*

N

(3) 1. 00 + 0, Ol ml, Of 1. O? O 0l x 10—3 M ATCH + 2. 9‘5 + 0. Oﬁ.\'ml.~ .
‘of buf.f.‘er + O 250 O 0oL ml. of 4.17 0,01 x 16" = M eserlne L < -
| giving 2:1y % 0,06 x-I07* M ATGH dng 2,08 *.0,03 x 10 N ‘eserine.” ¥

G (4)1001+001ml.0f107 001x1@3MATCﬁ+2”70‘* Q0 m.
N ’ ) . :,.I

ofbmffer+05 OOOlml. ofh,l'? 0.0L x 14 ' M esemne; T -
I © 7 giving 2 2 ooexlo‘*MATCHanth £ 0.06 x 107 U sserine.

.-

. (5) 0.5 0006ml. of506 : G0 10_3MATCH+3¢70;tOOAm.

, - &P :

ofbufferglvlng51+q1xlo‘* ATCH R CL .




. e ——

T

ea

)

4

<

"(6) 0.5 0.006 nl. oi‘ 5. 06+0.-01x 10 -3 M ATCH + 3,57 £ 0,04 ml.

‘*51_01x10

‘o buifer giviig 101+oozx 103MATCH o R .

. (10) 10@._‘%01m1. or 5. % * 0. lelO MATGH+3 07 £ 0.04 ml.

c - oi‘ buffer + 0, 250 0, OOl ml, of" 4, 17 '0 0L x 10 ~ M esemneﬁ

gi\rlng 2.00.+:0,05 x iO’B M-/ATCH and 1.08 * 0,02 x lO =6 M eaerineu
. . ) . R , , -
“ LS 4 ! “
v . a1 5 " .- \\’\‘ ¢ \ \\
\’ ' .S 'X - - ',, \ \ \ ¢
. AR 4
¥ . - - R . / A
N ,1. v . ! p ¢ ’\ . ; 1\ c T, \l\,

P ' ' “

$ -

of buffer.+ 0,130 * 0,001, ml. of 4. 1‘7 0.01 x 107 M eserine

“h

i
giving 5.1 +0.1 %107 M ATCH ard 1.08 # 0. 02 x 10” 6 M eserineg, -

(7) 0.5 £ 0.006 m1. of'5. 06+O“lelo°3 MATCH+3L,5+OOI+ ml.'

‘of buffer +0.250 % 0. 001 m. of 4.17 % 0,0L x 107 “5 M eserine -

=l

glving 5. 1 0l x 207 M w1oH _and 2.08 +'0,03 x 107 M eserine.

“(8) O5+0006m1. of 5. 05+o..01xlo 3MATCH+320+ooam1.f'.

. bu.ffer + 0! 5 * 0 O0L mls: 4,17 % Q,le 10 -5 M eser:me g1v1ng 1.

b M ATCH and 4. TN 0.06 x 107 -6 M'ederine, -

3
(9) 1,00 +o 0L ml, °of 5.06 + 0,01 x110™3 M ATCH *3 20 +o oL, ml.»,’

£
~

-3
§

‘of buj,‘fer + 0. 13@ + 0, 001 m, of 4, 17 0. Dl x 16 "5, M esemi-
g ,giving-1..01 * 0. 02 X. lO =3 M ATCH and l c8 % 0. 02 x 10 6“M eSerlne.
&

(ll) lOO._OCﬂ.ml of 5.06 £ O. 01x10%,MATCH+2 95+ooz,m1.'

. giving l.,01+0023;10"3MATCH and 2. 08 4. 03 x 10 6Mesei-ine.
(12) 1,00 #.0,01 ml, of 5. 06+o oLx 10” 3 M ATCH + 2. 7o+o oz,tml._ .
of buffer + 0.5 % O OOl ml of l+ 17+ 0. le 10 bM eserine. -

, glvirfg l.Ol 0. 02 X. lO 3 M ATCH and 1“17 o. Oé'x 10 6 . M eserina‘.

£
13) o5 % 0,006 ml. ofzooa'*oooz,x 102MATCH+370+Omm.

¢

of bufrer glying 2.00 ¥ 0.05 10‘3 M ATCH. |
-2
(14) OS-OOOéml.onOOB*‘OOOAxlO MATCH+357 0041111.

"of buffer + 0. 130 £ 0.001 ml. of- 4,17 * 0,01 x 10 5M wserinie ’V\




»

‘4 , . 4 . .

" of buffer. + 0. 13(3 + 0.00l ml' rof 4,17 0. Ol x lC)"5 M eserlne

" giving A.oo 'r 0.80 x 103 1 ATCH"land 2/08 * 0. 03 x 10'6-'M eserine.
Jl

.

(15)05 0.006 ml. of2003+0001+x10"2MATCH +31+5 "0.04 mL,

—
of‘“buffer o+ O 250 0,001 ml. ‘of L.17 * 0.0L x 10~ 5.§,M egerine’

. R - K . '
gﬂ.v:n.ng 2,00 ¢ 0. 05 x 10-3 M ATCH and '2.08°* 0.03 % 10 6 M eserine. -~
(16).05 OOOéml. Of2OOB*OOOAxlO2MA’I’CH+32O*OO/+ml.r- }

<

of” buffer + 0,5 * 0,001 'ml. ofhl?*OlelO’Meserlne v
‘ gm.ng 2. oo 0.05 % 1o "3 M ATCH and 4. 17 * 0.06'x 10.'6_M»eserine.,.

?(17) 1. OO O 0L m. of . 003 +0.004 % 1072 1 ATCH + 3,208 0.0 ml,

of buffer glv:mg 4 do £ o, 09 x 10 3 M ATCH -f' . ..," . . ', ?

(18)1oo+o§m1. or20034’+o~ooz,x10 M ATCH. +3 07 OOA.ml.

givinguoo+009x103MATCHand108+002x106Mesemne. N
(19)100 0,00 ml. of2003+0001*x102MATCH+295+O®l+nﬂ.. '

of buffer + O 250 O OOl ,ml, of 4 17 0.01 x lOr5 M eser:me

CEPR

(26)‘106 001m1 of»2003+0001+x102MA‘I‘CH+27O+OOAml Yo
of buffer + 0.5 L. f‘f 417 0,01 %105 M edering g!mng
| 4.00 ¢ 0.09 % .10"'3 wohrei and 4,17 210.06 %2076 Méégrinél e
, _g_@_,_ Each sol(tlon alsg- contamed 0.5 O 006 ml" of l 06 + : 3,’, o . } ’.—,
" units/ml . ACHE tsolutlon and. o 3 %.0, 095 ml. of o. 01% phenol - 'red ' *
SOlution.f Thus fgIv:Lng O 53 O 03 qpi‘i:s of ACHE per 5~ ml. of the ) P
‘I)reaction mixture. oo T L f ST - SRU- 3
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nhl‘gition Ve 1.- ( g - dimnthv}:amno -2 ~ Butvnvloxv ) - 3 -( 2 -
Pr gmxloxv ) = Benzene .M“'thlodlde \sing Polaro;rrapnlc Method - '
~ Experimental Data, \ . » Co ; ©N
Acetylthi’ochollne Solutions. ’lhe stnock solutions oi" ATCH Chloride -,

prepared were: 1.06 % 0.01 x 10 3 14, L, 14, * 0.02.x J.O-'3 M and,

. \ - s Co -
'6.20 £ 0,04 x 10 3 M. These were prcpaﬂtd :m b01led distilled water.

‘ . 5{/ ' TR v
Acetylcholinesterase Solution A 1,01 * O 03 unlts/ml stock solutlon

of ACHE was prepared in boiled dlstllled wat.er. In each run

" 0.5'% 0.006 ml. ~of this ‘solution was used thus giving O, 50 + 0,02

"

units.of ACHE per 5 ml. of the reaction mixture.

~ . \

. Inhibitor’ [1 - (4 ~ dimethylamino - 2 - Buthloxy ) -J Q -

P pmx oxXYy ) - Benzéne Methiodide ] Solutlon.

i
was prepared. 1n boiled. dlStl]led water.

o

A '5 00 % 0,01 % 10~ M stock sblution of tm‘g inhibitor' (‘M. W. 365. 2)

The :fnhibition study involved twenty different solubions and the -

.’,"'

composition of each bne is listed below.',

-

(1) 1,06 * 0,01 ml. of 1.06 + 0,01 x 107 M ATCH +'3.50.% 0.0} ml.
~ “of buffer giving 2(,12 + 0.06 x }O-l*‘M ATCH, = - -
(2) 1.00 + 0,01 ml, of 1,06’ 0,0L x 10™ M ATCH + 0.250"% 0,004 md.
[N
-3, -~

" of 5,00 * 0,01%% 10 =M mhioit.or+325_ooam1 of buffer giving
212 oof,xlol’MATcnandzf;O o.o:leol*Minhibltor.

. . .
. ' T
e . Ll N . . g, . - ' ‘
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(1) 0.5 + 0,006 ml. of620+004x10

Yy S .
3)1oo+«001ml of 1,06 * OlelOBMATCH+O;, * 0,004 ml. of

95.QO t O 01 x 10 -3 M 1nh1b1tor + 3 00 * 0,04 ml. of. buf.‘fe? giving

2.1é,t006x10“MATCH and5ot+01x10‘+Minmb1tor. :

+

(hbv]..OOiOOlml of 1.06 * OlelOBMATLH+O750+OOOAml.

o

of 5,00 * 0.01 x lO-'3 M 1nh1b1tor 2. 75 % 0. OA ml, of bui‘fer gl'vn.ng

v . - Ll' h '

2,12 *+ 0.06 x 10 * M ATCH and 7.5+ 0.1 x 10 * M inhibitor.

¢

(5)05+0006ml ofh.]A+002x103MATCH+I+'OO+OOAml

.of buffer giving 4.1 * 0.1 x 10 3 M ATCH ' : =

(6) 0.5 * 0.006 ml. of 4. 11+'+002x103M7¥I‘CH +025 + 0,004 ml. of -

5. OO '+ 0.0l x 10 2 M inhibitor +°3.75 1 0, Ol+ mi. of buffer glvmg

4.1 % 0.1 x 107 M ATCH and 2.50 * 0.Q7 x 107% M mhlb;l.tor.
. 4 . . * ' -

(7) 0.5 + 0,006 ml. of 4.14 +oozx‘1o"31’4ATCH + 0.5 * 0,004 ml. of

15,00 £ 0,01 x 10 ~3 M inh:Lb:Ltor + 3. 5 0. OL, ml. of buffer glVlng
-1y,

4ol £0.1 x 107 MATCH &d(5.0 * 0.1 x 1074 ¥ inbibitor.

(8)()5+09067ml. of L1k * ooleo3MATCH+075+oooam1 of

’

5.00 % 0, 61 x 10 3 inhibltmr +3.25 * 0,04 ml. of buffer giving
4 1%0,1 x 10 ‘*‘M ATCH and - 7 5 0,1 x 10 % M inhibitor.

' (91 0.5 * 0.006 ml. of 6.20 * 0.04 x 1'0-3‘M ATCH + 3.5 * 0.0, ml. of

"buffer giving 6.2 0.1 x 107" M ATCH.

| §

. » - . ) ; )
(10) 0.5 % 0.006 ml. of.6.20 * 0.04 x 10 .3 M ATCH + 0.25"* 0,004 ml.
of 5.00 * 001x103M1nhibitbr+375 * 0,04 ml. ofbuffer_
-t s
giving 6.2 + 0.1 x 107 M ATCH.and 2.50 * 0.07.x- 10"‘ M inhlbltor.

3MATCH+05+Q)ooam1.

of 5.00 OlelOBMinhibitor + 3. 50"‘0014.1111 of buffer -

giving 6.2 * O.l x 10 ~h M ATCH and@5.0 0.1 x 10 A'M inhibitor‘..

<

~.

o




E 5 -
N J . Y -
' 3 + . .
- . s ! : '

7

(12) 0.5 £ 0,006 ml. of 6,20 +0.04 x 10EDN ATCH + 0,75 * 0.0 ml.
™. c ‘of’ 5.00 £ 0,01 x 10 -3 M 1nh1bitor +'3.,25 * O Oi ml, of buffer glv‘.mg

62+le10hMATCHand75 lethMinhlbitor..

b ) (13) 1.00 £ 0,01 ml. of 4.14 % OO2x103MATCH+35+OOl+ ml, of

buffer giving 8.3 * 0.2 x 107"l ATCH,
.. " (14) 2000 % 0.0 ml. of 4.14 ¥ ooleoBMA‘fCHJszso+o 00l ml.

-3

of 5,00+ 0,01 x 10 ° M 1nh1b1tor + 3, 25 * 0.04 ml, of buffer giving

8.3 0,2 x 10 4y arcq and 2. 50 0.07 x 10 4 M inhibitor.

~3

(15) 1.00 o 0L ml. “of I. 14 +0.02 x 107 M ATCH + 0.500 * oiooa ml.

of 5.00.+ 0.0L x 1072

8.3 + 0,2 x 10 M ATCH and 5. 0% 0.1x 10 = M inhibitor, ’ M

¢

| o . (16) 1.00 * OL ml. of 4.14 * 0.02 x 10 M ATCH + 0.750 + oiom'ml.'
[ - - : .
§

M 1nh1b1tor + 3. OO 0.04 ml, of buffer glving

. -3
of 5,00 0,0L x 10 M inhibltor + 2.75 £ 0, Ol.rml of. buffer giving

S

83_O2x10 MATCHa.nd?B lelG Mlnhlbn.tor.

(17) 1.00 % 0.0L ml.. of620+omx103MATCH+3 50 % 0,04 ml. of
buffer giving 1l.24 +003J;103MATCH‘

’
i . -

{ (18)100 OOl}nl»of620'*'0OAxlOBMATCH1+0250+O'OOl‘ml..

of 5,00 * 0.0l x’10 =3 M inhibitor +’3 25 - 0.04 ml, of buffer giving s

i : . ) -
‘ ' ' ,1:.21+10.03x103MATCH and250"’00‘7xmhMinh1b1tor. ‘

, (i9) 1.00 £ 0.01 ul. of 6.20 % 0,04 x 1073 M ATCH. + 0,500 * 0,00 ml,

& - ’ I
} of 5.00 * 0,01 x 10 3Minhib1tor+300 + 0,04 ml. of buffer glving o -
1.2t 003x103MATCHand5o+01x10‘iMinmb1tor. ‘

- \ (20) 1.00 * 0.0L ml. of.‘620 ooaxloBMATcu+o7so+oooam1.='. o

: of 5,00 £ 0. Ol x 10 -3 M inhibitor + 2«75 e 0 04 ml of buffer giving

1z,+003x103MATcuand75"+01x1’*Minhibitor. e
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