
STUDIES ON

CHOLESTEROL ESTERASE IN FISH

THESIS SUBMITTED TO

COCHIN UNIVERSITY OF

SCIENCE AND TECHNOLOGY

IN PARTIAL FULFILMENT OF THE REQUIREMENTS

FOR THE DEGREE

DOCTOR OF PHILOSOPHY

BY

T. K. THANKAPPAN M. Se.

SEPTEMBER 1992

CENTRAL INSTITUTE OF FISHERIES TECHNOLOGY

(INDIAN COUNCIL Of AGRICULTURAL RESEARCH)

COCHIN ~ 682 029



DECLARATION

I hereby declare that this is the record of bonafide

research carried out by me under the supervision of

Dr.K.GopakuHlar, Director, Central Institute of Fisheries

Technology, Kochi-682029 and that it has not previously been

formed the basis for award of any degree, diploma, associate-

ship, fellowship or other similar titles of this or any other

University or Society.

1< 0 c h i .... ,~ Cl

ts-», '19'12

1'A

,".L.. . r. (j,v--..---::fPY" .~
(T.K. THANKAPPAN)



Central Institute of
Fisheries Technology,

Matsyapuri P.D.,
Kochi-682029.

Dr.K.Gopakumar, M.Sc., Ph.D., FIe, FSFT.

This is -to certify that the thesis entitled

"Studies on Cholesterol Esterase in Fish" gives the

results of work conducted by

Shri.T.K.Thankappan, Scientist (SG), Central Institute

of Fisheries Technology, Kochi under my supervision and

guidance from 30.9.1984 to 16.9.1991. I further

certify that no part of this thesis has previously been

formed the basis of the award of any degree, diploma,

e s s o c i a t e s h i p, fellowship or other similar titles of

this or any other University or society. He has also

passed the Ph.D. q lifying examination of the Cochin

University of Science and Technology held in January,

-1990.

Ko ct"1i-29
t.t':" _'"t • -; ~......,,',.

r
~~r.K.G~~R

(Director)



nrp

ElDH

BIG

en,

DU-iF

DFP

DNP

EDT{~

EC

E:: p t 1.

'J.

GLC

min.

III 1 •

N

NE!'1

nrn

1\10.

PCI'1D

ABBREVIATIONS USED IN THIS THESIS

British Drug House

El is ·---d Cl' YI dlrt:i. d p

Cent-ineptre

Diethyl amino ethyl

Diisopropyl Fluorophosphate

Diethyl p-nitrophenyl phosphate

Ethylene diamine tetra acetic acid

Enzyme commission

E:-:perirnentC:ll

gram

Gas liquid chromatography

hour

Michaelis constant

Molar

mi 1. 1 i .::\Htp £:.' Y- e

minute

millilitrE>

No r ma 1

N-ethylmaleimide

n a n omo t t C'

nu fll b (> Y-

parachloro mer-curl benzoate

parts per million



rpm re vo l uti HiS per minute

Swedberg constant

Sodium dodecyl sulphate

Su 1 ph yd r-'y 1

NNN'N' l~tramethyl ethylene diamide

s

bDS

SH

TE/'lED

TLC Thin lay- chromatography

TRlS

fl':.J

Jlt't

UV

y

v

viz.

VS

Tris hydroxy methyl amino methane

IT! i c r 0 'J r .am

Ni. er orrro 1 ~~

ultra violet

velocity of reaction

Maximal velocity

n arne 1 y

v e r s u s



-1 •

2.

2. 'I

CONTENTS

IN'rHDDUCT ION

REVIEW OF LITERATURE

Pi:\ncrei:"ttic juice c h o l e s t e r o l e s t e r a s e t,

2.2

2.2. -1

£?.3

2.4

3.2

4.

1'lafllfTt;" 1 i ,:I n t i s s u (? S

Coriolus versicolor

I,· ], <; h

F i s h

Reagents and chemicals

Analytical equipments

l'lE'lHODS

r: 1"';
c:.c

4 '::1.c.

4.2. '1

Assay of cholesterol esterase activity 32

Enzyme homogenity tests

Ge l f i 1 t r at i on

4.2.2

4.3

E.1 e et r o ph 0 res i s

Absorption Spectrum

Molecular weight determination

3·1



4.4

4.5

4.6. '1

4.6.2

4.7

4.7. '1

4.7.£2

4.8

1.1 • cr . '1

4.9.2

4. '10

4. '11

4. '11 • '1

4. '1 '1 " c.:

1:.'
,J.

SOS polyacrylamide disc gel
e l e c t r o ph o r e a i s

Cd r boh .yd r d Le i:":\lii::\ 1 y s i s

Amino acid analysis

Amino acid analysis by amino acid
.::~ n .::~ 1 y S (? r'

Effect of temperature

Effect of temperature on
cholesterol esterase activity

Effect of temperature on
stability of cholesterol esterase

Effect of pH

Effect of pH on cholesterol
esterase activity

Effect of pH on stability of
cholesterol esterase

Effect of substrate concentration
on esterification by cholesterol
esterase and Km value

Inhibition and activation

Effect of aldehydes and ketones

Effect of anions and cations

Eff£~ct of per-m

Effect of DFP

Substrate specificity

Immobilisation of cholesterol
e s t e r a s e

Immobilisation on polyacrylamide gel

I fI'I"l1ubi :I. i. s Cl t i D n o n c h i to S i:"~ n

RESULTS AND DISCUSSION

Re s u Lt s

/1 :

ij

/1 ~ .. :

'I :.'

4·.')

/1 ':

/1 ':

f::;. i
._! I

SI

1::- r:
...) i

I:~:. :.
••• ' f.•..



5.2.2

5.a

5.3. '1

5.5

5."7

S.B

5.10. '1

6.

7.

8.

Distribution of cholesterol
(,,:;tcol",""'s,? in fi'5h

Pu r if i cat. ion 0 fell () l. f' ~; L et' 0 1 I:! !:; t~! r e.s Eo

from cat fish liver

Amm. sulphate precipitation

DEAE column chromatography

Sephadex G-l00 chromatography

DIUCU!:JHl.ON

Homogenity of purified
cholesterol esterase

Molecular weight

Amino acid composition

9arbohydrate analysis

Effect of temperature on activity
and stability of cholesterol esterase

Effect of pH on activity and
stability of cholesterol esterase

Effect of substrate concentration on
the velocity and activity of
cholesterol esterase

Inhibition and activation

Effect of aldehydes and ketones

Effect of anions and cations on
cholesterol esterase activity

Immobility of cholesterol esterase

SUMMARY AND CONCLUSION

H[FEf{ENCF~)

PUDLIC(~II(JI~S UFlHE nUT! IUH

'j"/'

6':'}

/ ,::'
!J ,..}

74

74

'lOP,



ACKNOWLEDGEl'lENT

The authur expresses his deep and sincere gratituJ~ to

Director, Central Institute of Fisheries

Technology, Kochi-682029 far his able guidance and valuable

suggestion duri.1'i9 the entire course of this investigation.

He is very much thankful to his of this

Institute Dr.M.K.Mukundan, Dr.Jose Stephen, Sh r i . f~. Cl. P ;::;.d ha-

krishnan, Shri.P.D.Antony, Dr.P.T.Mathew, Dr.K.G.Ramachandran

Nair and Shri.P.Madhavan for their help in different c: tages

of this study. Technical assistance rendered by Shri.A.Kassim

Kunju, Shri .V.V.Johni., Shri.K.R.Kesavan. Shri. T .I"l",thcd,

Shri.P.T.Viswambharan, Shri.G.Omanakuttan Nair, Gmt.V. C.Nary,

Shri.P.K.Rc:.~ghu, Smt. N.Leena, and Gmt. S.Kamalamma i s also

well acknowledged.

The author is also much thankful to Shri.M.Rajendranathan

Nair. former Director and Dr.K.Gopakumar. present Director of

this Institute for giving permission and encouragement to

conduct this investigation at this Institute.

Kochi--29

fg- 9·-"~



INTRODUCTION



~ INTRODUCTION

The esterases and lipases have.in common, the Cl. 1.."3. C i t Y

to h yd r o Ly s e fatty a c i d E~sters and we differentiate tll(.~m on

the basis of their relative specificity. The esteraS0S act

on simple esters of low molecular weight fatty acids. Both

enzymes are non specific in the action. A number of s Lu d i e s

have been conducted on the assay, estimation and purifIcation

of the esterases from the rat pancreas and s e v e r al other

s ou r c s s , But a comprehensive study on the isolation, identi-

ficaticn and properties of the esterase enzyme from any fish

has so far not been attempted.

c a t a l y s i n q the or h yd r o l y si s of

cholesterol ester may be divided into three general '.Jroups

(a) Enzymes that synthesise or hydrolyse sterol

carry out both the activities) with no apparent

e st er s (or

for a high energy source such as adenosine triphosphate <ATP)

and co-enzyme A (Co (.). These enzymes are collectively

referred to as cholesterol esterases (sterol ester hydrolyse,

have been identified

sterol (Acyl-Co A-Sterol-O-acyl transferase EC 2.3.1).

intestinal mucosa, liver and adrenal gland,

s ynt n e s i s e

(b) En z yrne

choleserol esters from fatty acyl Co A and

that

free

Such

systems have been reported in liver and adrenal gland, (c) A

Clecithin-cholesterol-O acyl tt~nsferase EC 2.3.1).

plasma specific enzyme which catalyse the transfer of

acids from the B-position of lecithin to free

fatty

sterol

~:::tud i es



enzymes including pu r i f i c 0':1 t :i Cl 11 and

Chalractel'i'>,:.,tiol' hav(? L(:>c:'n ro v ie w e d (Hyu n o t, al. '19b'/) "

Ch o Le st e ro I involved in the initial

metabolic t r <'\n s fer HI f~ n t e:! t i o n ~; 0 f cl i e t 2\ r y c h o Le 5 t e r o 1 Eo. 11cl its

-esters. In thf? i nt e s ti n a l lumen, pancreatic c h o l v ste r o I

esterase catalyses the tlydFolysis of cholesterol esters into

free st o r o l wh i c h is the r e qu i red for

(Vah ou n y "'Ind T~-p.adwel1, 'Fi'(14). After transfering into the

intestinal mucosa and prior to release intu the lynophatic

system, the
.

sterol is reesterified by mucosal c h o los t e r o I

esterase. Th e r e is p r o o F that thj,s e n z yrne is closely r e La t e d

to the enZY"H' of pancreas and may Le identi c a I wlth it

Cholesterol esterase enzyme has Leen purified from rat

pancreatic .i u i c e (He rn a nd e z and Chs i k orr t'19~}'7), r a t p<,nclreas

(~l11rthy and (Jo.Hlguly. '196c!.) , hun.an p;;'Hlcre""tic .i u i c e ( ~/;;:),h()uny

1968) and porcine pe n c r e e s (Swell, '19(6) •

This esterase has also Leen identified as intracellular

enzyme in vat"iety of animal tissues such as liver

(Swell, L. r 'F166), b o v in e adrenal c o rt e x (V<ihouny ~1 a1 ~_.

'1963; Ho fFme n , '1967 and Vahouny ~_L. ;;;~J,. '1961). human

spinal fluid (Boillei, '1960), r e b b i t, t o r t a (l"lartin and

'1963) and human leucucytes (Mattson and Volpenhein, 1966) •.
Ba cte ri a (l"l,::\ttson ,::~nd Volpenhpin, '196tl), muu ld s (Tt-out ',,::,1. al.

'::l,nd yeasts (Novak, M., 1Q65) are also the sou \.. '~e of

cholest~rol esterase.
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FIG. I. TYPICAL ESTERASE REACTION

HYDROLYSIS OF TRIACETIN BY PURIFIED HORSE LIVER
ESTERASE. THE BROKEN LINE INDICATES THE POINT
OF SATURATION (FROM SARDA AND DESNEULLE, 1958)



Eventhough a number of studies have been carried out on

the isolation, purification and properties of c h o I e st e r o I

esterase from animal and other SDurces, so far no WO r- k is

reported on its isolation and purification from fish.

all fresh water, brackish and marine fishes may contain c:ho-

lesterol esterase in their liver.

A typical esterase reaction is shown in figure 1. It

shows that the reaction velocity of horse liver esterase is a

func:tion of substrate concentration. The v e r t Lc a I dotted

1ine indic:ates the point of saturation of the solution with

triacetin. To the left of dotted line triacetin 1· C'.> s o l u b Le

forming a homogenous layer and to the right of t h e dotted

line it exists as an emulsion. r e e c t r o n rate

reaches maximum in the soluble region and is steady

over saturated ar~a (Garda and Desneulle 1958).

in the

fhe intracellular cholesterol esterase have also been

discovered in the mamalian tissue (Oavis, 1964). The presence

of this enzyme in pancreatic juice of dog was reportpd by

Mueller (1915, 1916). An intestinal c:holesterol esterase was

detected by Klein (1938) in the cow. This enzyme is also

found in the pancreas of porcine and rat (Swell, 1966).

f3inc:e a lot of work has been done on the isolation of

the enzyme from animal sources, it is desirable to isolate

and purify this enzyme from the aquatic sources. In <:.<.,:;urvey

in our laboratory, marine cat fish liver was found to have

more cholesterol esterase activi ty, and so this was used for

the i s,o I oil t ion a 1"1 cl pu r i fie a t j. 0 il i the en z y rrr E'! •
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2. BEVIEW OF LITERATURE

Enzymes which hydrolyse long chain fatty acid est~rs of

cholesterol i\P:~ found in mammalian tissues and have been

named as sterol ester hydrolase CE.e. 3.1.1.13) by the enzyme
f

If the enzyme can hydrolyse esters

close relatives of cholesterol, it is

c h o les t e r o le s t o rc h o Le s t e r o I

o -a 0 mm i 5 S ion.

[that are not

\ to name a~;
I
",

The presence of this enzyme in the rat pan c r"t~~'\t i c

juice and dog pancreatic juice was first demonstrated by

It was also detected in the intestines

Cholesterol esterase was also detected

The

importance of esterases in the biological system of mammals

was also r e p o r t e d by T r t: e c i a k QJ. i'll- C"1q] 4 ) , Khoo et at-

('19"16), Go r b on et ~::\l. ('1(;IT7) and Shino et. il.t. ('1912).

Cholesterol e s t e r a s e c a t a l YSf~) the hyd r o Ly s i s of

cholesterol esters and their synthesis from iholesterol and

free fatty acids. cholesterol est era 5 E.' S tl i:\ S
_.'

been

re~orted to catalyse the synthesis of esters from cholesterol

and free fatty acids CHyun ~i ~!. 1969).' Both hydrolysis and

synthesis are i;mportant in the absorption and metabolism of

The mammalian intestines can not as such absorb

cholesterol So they are split into cholesterol and

fatty acids by pancreatic cholesterol esters. {-"! numb o r of

reports are there on the isolation and purification of the



enz yme from tht· IIldmHldli,,:Il1 t Is s u e s , HtOU 1. iJ s and

microbial

1952; NOVdk, Iv/ .. , Trou t .§'.J ~~_,L. "1960; I'la t to; o nand

Vo 1 pen h t? in, '196t3). The structure of cholesterol esterase and

its propf'rties

(Milstein,

has been established by many

M i 1-:5 t e i n cm d ~::; i:"~ Y e I', '1 <i6 '1; 'v' a h 0 U n y

workers

f~ t ~!..

1964). The salient features on the isolation of cholesterol

esterase from different sources and

d s s c r i b e d ,

th£:' i r p r o p e r t i e s are

2.1 Pancreatic juice cholesterol esterase

Detailed work has been d o n e on the r s o l at i o n of

'1975) ,

rat pancreati c jui c e ( Hyu n ~.1_ ~1. -F769) r human p:;:\T"Icreatic

.iu i c e (Lumbar d o _~_.1 A..t. -197[1) and porcine p"Hlcreas <l'lofllsen tl

sJ.. '1977; r~ 0 ~-5 ~':il ind 2.,:k .2:,.!... -1963 ) •

Ch o l e s t e r o l esterases are responsible for the initial

metabolic t I' an s f 0 nn<..~ t i 0 n 0 f d i (':.' t Cl I" Y ch o le s t er 01 its

esters. In t.he i n t e s t i n a l 1 urne n pancreatic juice

cholesterol esterase catalyses the hydrolysis of cholesterol

esters to free sterol in which form the "absorption

place. After transfer to the intestinal mucosa and prior to

the r e l e a s e into the lymphatic system, the sterol is re-

esterified by mucosal cholesterol esterase. This enzyme

system is closely related to the enzyme of pancreas and is

i cl f-: n tic <:,1.1 in :i t s pro P~? r tie s ( H!~ r n Cl nde z ~..:.t i:il!.. '19~) 'j; Et 0 r j a et

~J.. '1964).



?i Pi'::\ 1" t i. i:'l 1 purification of cholesterul from

('1957) • From ammonium sulphate (60% saturated) e x t rac L of'

acetone powd e r of p o r c i n e pariCt-(;?;,;l.s, t h e y have c o Ll e c t e d a

cholesterol esterase. After dialysing, fractionation and puri-

fication using sephadex G-100 column, qbuut 400 fold purified

enzyme was obtained. On ultrafiltration and sDS gel electro-

pho res i s it gave more than one band showing the

not pure and contained other protein frctions also. 1'11.1 r thy

and Ganguly (1962) attempted to prepare a partially purified

enzyme from the acetone pDwder of rat pancreas. The prot£~ins

were ab s o r bed on clacium phosphate and eluted with

phosphate buff,,!r, pH 7.0. This resulted in the separation of

hydrolysing and synthesizing cholesterol esterase activities.

About 55 fold concentration of hydrosase was obtained. The

synthetase was recovered by 0.6% ammonium sulphate extraction

of the gel concentration.

1.. 1yl.1 1'1 gl.f!.1. (1969) h a v e I s o La t e d cholesterol esterase

from rat pancFeatic juice. The protein was precipitated with

35% acetone, separated on DEAL cellulose and

column chromatography and o lu t i o n with pH 6.8 ph o s ph a t e

bu f fer ITIO t <:'1.1 i. t Y • Mercaptoethanol and 10% dimethyl sulphoxide

in the p r o c s s s , Here the recovery was only 60%. The s amp l e

e
was stable for? months at 2 C and was homogenous on SDS gel

e 1 e c t r o ph o r l~ 5 is. ( I Rbl el,1a) .



PUFification of Cholesterol esterase from
Rat pancreatic Juice

Fraction Pro t e i n
rh'J •

(~cti'v'ity

J..l mo le s z
m in ,

Specific
a c t t v i t y

/1 rll 01 e s /
rn i n • In19.

Recovery

Pan c r e a t i c
juice

35% acetone
precipitate

DEAE eel 1u 1 ()5 e

Hyd r ox y l
apa t i te

'14.4

C~. 4

0.06

46

zo

O. -1 t:'i.

8.0

------.._._-_.-

'100

60

43

-----_._---_._.._-_._-_._._-_..._-_._...._...__.._----

Hyun £.1. ~~l. (-1969)



T{)BL.E l.a...

Activity of cholesterol esterase during purification

---,--,-"•..__ .., _.._._ __.._.._._ _-----_.._.._._ _.•..._-_ _----_._--_._ _._._-----_.._---._----

Cholesterol esterase

Fraction pl'ot i2 i n
nil] •

Tot<:\l
activity
units

Specific
<..'\ctivity
uni ts/rhg/
protein

-----,--_._--

Pancreatic: juice

35% acetone precipitate

DHlE c f:~ 1 J. u 1 o s f.~

(0.15 M) fraction

Hydroxyl apatite
(0.20 M> fraction

53.6

6B63 5

~~T76

----_._.._._...__....._-_._._-------_._----_._..._-_.-_..._---_.._---_.__._---------,._-----_..-
Hyun .£.1 a L, (196-1)
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esterase from human placenta has been

pu r ifIod by Ch0n and Morin (1971). rh (~

gave about 3% yield and 350 fold purification. Th:i. r,; ';:1"'\' '.; I'.' on e

band on SOS disc gel electrophoresis and a specific activity

-G
of B ::10

The cholesterol esterase of rat pancreatic juice was

found to have a molecular weight of 65000-90000 daltons

On precipitation

with acetone it forms a dimer of molecular weight -1,35,000

daltons (Hyu n _~_l E~_I. -1'1"72). In the presence of c h o La t e it

gave a higher molecular weight equal to six tissues the

monomer on sephadex column.

Te a le .~:J. i:'~l. have r e p o r t e d Cl cholesterOl

esterase from porcine pancreas of molecular weight more than

8,00,000 which an lipid extraction was converted to sub units

of molecular weight 15000-20000 daltons which could still

hydrolyse -and s yn t h I? S i se cholesterol esters. Human

pane r e a t i c cholesterol esterase had a molecular weight of

3,00,000 daltons by gel filtration. (Erlanson, and Borgstron

1970) • This is a bigger size for a lipolytic enzyme and it

suggests that human pancreatic cholesterol esterase may be cl

dissociaLle aggregate. Both the cholesterol esterase and

lipase complexes dissociates in the bile salt solution. It

is found that pancreatic cholesterol esterase is vulnerable

to d i q e s t Lo n proteinases much more than

panc:re:.'l:'ltic lipa~;f:! (V.:\houny gl ~,d... -1964) but can be pF'otec:ted



Ratio of enzymatic synthesis and hydrolysis of
chulesterol oleate during purification of

cholesterol esterase

--------_._-_ _--_ __-------_._-..__.__..__.._-_..__ _ __ _--_ __._--_.

Pancreatic juice

35X acetone precipitation

DEAE cellulose fraftio (0.15 M)

Before d i aLy s i s

Hydroxyl apatite fraction

Ratio of specific activities
for hydrolysis to synthesis

'1.3 ± 0.2

'1.2 .;;!,: 0.2

--_..__._.__._-_....•-.__..__ _-_.__.._-_.__._ __ _ ___._ _--_ _._._- -----_._-----



b ,y 1:1:i. 1 I:' ", ,) 11" ' ( 11,:', ,:1.:; '" f. ,'I ',', ki, I '. i'; ,: • ) •

rh..:' ,:J, (' n ,:,'1 L U, I' d L i Q n 'f' h ;.. • 1 "0;

o v id en t ,r r '::II1 L h r- 1. Cl .;: '" p r ::;1 C '1.', :!. 0.,/ .i. t '/ :I.nth Co ,r:i. n i::I :I. l-' r' I::' !",:,', l' .1" J. un,

wh i ch c <;. n bE' r ;:. ,) U c e cl L y t h ('::;1 l,o! ,01 :i, t .i, on (j of D, 1 L,IU m :i. n ('v' a I, I:, u,i, ./ .:~, n d

Tr e ad we I J s t'?.'::,!::\.

Ihp III 0' Lhu(l. i:~d,optc'(.! -1-'01" t h e [",.1t'if:ici',.,l:i,on of

.iu i c e c l r ole st.o ro I ·;;~:t,('~I'd';;":' 1.',)1 tlyun y ..,L 'S!'..:L .. <!"1;;:]':;') 1';;;, l,Ji:.:':;'ribed

"",nd Chi::\.i.kc.ff ('I()~:)i) ..

t h em •

by

;::\ ) {)r.:eton·~: f..' r E' c: i p :i, t l~'< t i on : Cold acetone was added 10 the

c o I ",1 pdnCt"I:~;';\tic jui,,:p whi c h PI"Co / i o u s 1 y

c e n t r ifu'JE·,:I t h e f'indl c.o n c e utrat io n by

(,i~~nl,l i.j'!,',J:;:o'tion

pi: ',,' ';;' !"hate

bu f f'e I"

f U <]i,::"L:i. DII •

Ln s oLu ble pl"nl"i':'in ~",'),'::; r e tno v e d E\'J<3,ll'l L,',' ',::c·ntri··'·

,b) L c: 1 1 u :I. 0 ':: E' CD 1. U III n cl, r 0 Ill'::', t o ':) I' ;;;q:d I y :

previously washed several times with 0.05 M

c(ll111()s€~

1"'11 u '::; pha t f?

''I'' D t.. h e C (j I.u [;,nth l~ t-~ n :. yn, (',! ~, Cl 1',.1 t ion W cl S

<:\dded
l

e lut ed ,.pith phi.':;;ph:'l,te bufft'r, co l Le ct ed ,::.nd was

dial.ysed to qet a more purified enzyme.

c ) 1·1.'1,,11 0 /y I ,':'\ j,t I t e c o lu run ;:: h r (\ HI:',i t ') '.:J I" D Ph ,)I :: "I'(\ c o l umn

I,'".., r: I r~ ,) '~I ,i t I, h y'd r o ~': y 1 D PL :i. t F:, W h :i. ch,,' i:) ~::' p t' f~ v i 0 U ~,: I. :,:' ',-) a,s h e d

\1'" it h I,) .. ul n p h 0::: p h <,.', 'i', ;,::, 1'1,.1 ff I,,' 1'

Elcld Plo!, ;"',n d, I,: 11,1 t t,,:. d ,\!:i t h 0 .. 0 '1

I,::

11 ,..i, Co s phate



t:.. ,,,.\ f·f F' t roll !\.~. r:
\ •.,'. t.... ~t ~ flow rate of HI1 /1I'l i li ,

r iJ 1d

r:·'·Jr'il.ic,·:,IIo.'i1 der,'·:n(l:in'j Oi, tI,e' c:.r:,pci+:ic ";'.cLivity .!.i' th€"

).'1.1 1.. d PC I" (.:: i;;i.::; p •.:1 t h o ...1P I,:) I' '.! '..\ () f p'J ri f' :i. Cd 'I..:i. on. to

:I. yo pi, i li. ~;; F' tractions showed a 105S in <;iCti·.!ity.

LyophilIsation or freeze drying after dialysis resulted

in complete loss of activity.

The enzyme prepared by the h yd 1'-0 :;., y 1 iJ. PE:\ tit e c h r i:d!I·;"). t Cl.,-

graphy gave single Land by pulyacrylamide disc gel el':·cLro--

p r o t ein s in ~:;C'P;:;lt"i;),tf! r un s the rn o l o cu Le r '~E'iIJht Wi:l£' fUUil,J to

1,44,000 and 1,29,000 re~pectively with of

'1 , ::'~6 t 000 •

fici':\tiOTl. Pill, ''','\1, /:;l.nd hoq p::~ncrei:\S <';.ne! ra t int e st i n c the

1957 ; The

opt i murn pH -1-'01" h yd ro Ly s I s was !-.~\.b--''7.0 which is COITIpardl.j.lr..:. to

that reported for the enzyme hog and bovine pancreas and rat

1960

and E;we 11 :;:..1. "~~J". 1'60). The ratio of specific a c t i v at ies of

t 1I e est e r j f .i. L i:;\t :i. o 1"1 c;i n cl h Ycl r 0 1 Y<:i i~;; 0 f c 11 Cl I. t: s t f~ I" ():I. E' s t e r ,,;. '....) co\ S

'1:2 and th i« r enk\ in e d th,,-ou.'Jhou't t I, (! pur i. f i "-." i.. i Cln

prClCf~SS ..

il



fl, c' of

C:h:.\ikoff ( ': ~}Ij·l) •

T h p re·'". L t. i '.::0 n "''1 ;,,', c·; c· nI', ;""11, l.: of

r ou nd

t. h c·:I. t t h c: i:~_I.J. (j ]. t . i , , 1"1 G j. 0 , 1 1-·\ l-j!':":\ , h , t·il·! o t· 0 U() I I'" 1-19 0 !" I t o
S

t h e 1.)1.1 r f I:~ r .:::~ 1I I. t J 0 II 11 :OA :~ n o (: f r (~ (, I. D n t h (~ P 1 I ,:.. 'jnl (~ .";' c t 1 V J .:/ .. n

I' L' quo i r r;' Ihc:nl I.!.( f I' f.~ t·:·: !;:u 11"h V,J I Y 1 by

i n I, :i h.l t. i U 11 (, f b oth ;:".nd I1 'j'./ I'~' .I. yt, i c

lh is in h iL'itLo n \,.1):3':; c om p I et o 1 y P'··(::'....,';:II e, d by

I I) t-I c y s t.C' .i. n P o r 'J t u t <::0. t I1 ion Ce "

L.ikf' ,,'\11 lipolytic e!l:'ymc<:;., thC' p;·;<.:,ct pll o p t i mum f'.,r cl

c ho Lo st o ro I o·f

of

thl.~

tit €'? I1 yd I' o 1. y t .i Cl" P ,;, C t :i. 0 n it 1';: 6 .. /"'/.0. \},':\.i. U. P !:; i,:\~; h J 'J I1 ::\ ':; pH

8 .. 6 fDI'- the hy ...lro lyLic li".3.r.tinn (I-Iul··thy ,'Hid Cl:::'. n 'J U 1. .'/ ' j '?(~(!. )

In 0.:1;::1'11'1":;\1 the o pt iu».. '.111 pH

for ttH1 s yn t h e t r c tr.'dcl..lon i,,:. f r.' I.J.1i ';.l tu be O.~:,--··I.() u ni ts If'~'Jf.~r

t han t h,",l t oJ- t, I1 1..' h Y'.I. r 0 .l Yt :i. c (~ .:.:'. C t :i. U n u f t 11 ';?

pr e pa r i:l. t i o n • '1"11 to e n z '.1nl\.' c·.',n L,p i:'\ ':'. ~:·'..\II'I(·::·d tu c ;;~ [,;:0 .I. y' ~::. i..:'

~:3 u C I1 i' ,',.i. t, U ,::l. t i (0 n h d, ':ib (;' (\n s h o '.:.' n

hyd I' Cl 1 y s i .,"

d e pe nd e n t

hyd I' ():1 y':,; i s

e:, t (~ I i. fie i,:\ t i (I n

equilibrium with

i). t I1 i 'Ai 1 pH.

I' i:'C!. C t i on Vi It :1. c I 1 :I c'dd s

low

to pll

pll ,:"nd

r \.1 r'

I.. I1 U J (.: ,,:~t '.~ t" u .I.

t'

( F' i. 1 i J'e k .... ItJ end f;? r .·.llIel



HClr '::J s.f:.. '" C'HI , 1'/'1,1 .. I I, J '" 1"01"

1 i ;..1, '.,:; L' '1 c,l·'::;,:1 ) " I,j '..) "".' e \1 (> 1" I)" L I, t h (.:~

h Ycl r u .I y t. .i C i). n ,j .: '/ nt h C' t i C c:1 C 1... .i, v i. t :i. (C'~:; t f:~ '1, i", :i, n~' u n c h io\. n 'A e ... ( ,Ju I" i ng

~\1... 1Ci() "I ) ,

DE't ;:".i. :I. "', ,I ',.,l.. u cl i c ',; Cl"1"1 I, h e a.1l1 in o '::'. c i cl c Cl III P 0 s :i. t, :i. o fI (, i r a t

~1. ('1'/'/;:)" TI,i::; ''-I.,::'.:; sin,:i.l::1rCo Cl·"",l.t of th(:\ p o rc in e p""ncreas

i::o.flI.i. no de i,d CUll' po ':,.i t i on.

P f! i i..: f,' n t cl9 e

of I" ;;:,t pi::\n ere ,:\ ::; ,

panCI··(·~dti.c j u i c e and human panc'''f::dtic juie,,,! <Tabl!·?:3) .. Th e y

have observod that there was a high percentage of prDline in

the hUll,dll t. '/1" o ';:, ,I. ne in t h e

T r Ypt u l,j ,,:;,1'1 wa s

not 011 detected In ra~ pancreas as well p<:,' i : ere a tic

juice. fherf:.., \i-!f""P sim iLerLtie s In the ,;:\H1.i.no ""cid LCii!IIIO:,:.ition

I",
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h l.ud i t,,,, on thE' ::: f' C:' [ i f .I '" i L '/ f! f l" i':\ t, t :,' a c :i. IJ :::. {,Ill the

~; yll tll P ',; i :"

I. I. .I ::. Cl L. ~:: P r v,,:' .:1 I h D. I ~,~I ! I P 1I J.,o t. I1 t It c' <::. t: t :i, v it. i I:

HI P d 'c· U. l" e d. w i t It l. h l! ,:::', III i:' (~ n :? S'HI '::! I:" I" (. p"='. I .:::'. t i. 011 1 I'. h t:? s P (? C iF i I.: 1 t. i e ~5

r D '" t h l:' .i. n IJi. \' :i .j 1\ .::1.1 ;::'. C i (I ", c', I" E' n Co'j ":. ;::IITIe (f:3wE' :I. 1 ;::'.1 i d

.\ ':;") ~j ) • I:. q U .!. III (1 J .::< r i:iIno u n t.: of I::•. t.J r i '.: (1 ;':: '()).. F"::~ 1111 :i. t i. C , i /" ;: (j:1 ,

bte:::\ric (\ n:. Cl i . Cl 1 pie 1,1 B :1) i:.!n ,J :I. i n 0 I.pie (113: ;:~) i~ cid ~::

'::;I.dd(·?d i n thE' ~:; I.J I... ; t. t· .:::\ t C' III i :< t IJ. ,.. e " i ':>

[:ut

time'S I :i. no 3. (.:, i. C or linolenic acid dominates (Ht·~ r n f.'nd P. z :"'.nd

Ch eiko f f 'Il}':::,'?; Ilur-thY:::\lid Ci.::'1n9u.1y ··1(/6;.:~). b-::\tul"atecl

a r e c.h a in

clis s iJ C :i..:::1. t p 1.-..1.•

r(,}il...F: tl

Th e fdtty i)cid s!-,f'c::i.ficlLy FijI' 1:;!1::ylhdl..it ':iynth(:;sJ.",
i':'.nd h Yd r () I. y s i ':; D f L II Cl 1 ,.:, ~:; t e r 0 1 ps l E' I" c,;

F<~tty '.'1c:i.d

Lau I" :i c: (., r.:~ : () )

Pal HI i tic ('1 I:> : O )

Ster~r i. C ('ID ~ <)l
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Hyu n gJ L!...l... ,.. \;//::.1;' )

~:; yll t Ift.:, ': i ,,;
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Pc, t Eo I' f o I' fl'I0'cl
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FIG. 3· COMPARISON OF VARIOUS BILE SALTS IN PROTECTION OF
PANCREATIC JUICE CHOLESTEROL ESTERASE AGAINST
PROTEOLYTIC INACTIVATION. (fROM HYUN et al 1969).
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l·,J It h Lu t .'/ r' ii.\ t p thE'

l' I, i:: '.0}D. ':: '::.1.1 r'f' c.' I L -,' \..1 .h Y t h t.' ; t. ':: U. 1. t

th(i!

the E' .::; t E' r s U .j ':; i'). t. u I' D. t c'cl (:.~ : 0 L01 i:') : o ;::,1"1 cl u. 10'; E'. tu. r i.:\ t p ({

':;tu cl. i e s it I' e".ction

s p oci fa c

b ind in q .1:.01.\ t. t, Cl t to E~ ph Y":' i Cl c: h (.> ru i C i;.i 'I r' r o f' co I" t i. l:' s uf the

fatty acid dispersion.

In the synthesis of steru'l uleates, dihydrocholesterol

~u b s t if. u. t i il n in

t I1 f? s :i. ,:1 co reduces the activity (Swell

t;

t111 t.. thy i::\lld G:::,n 'Jl..! I Y I 'f '?6:'?) • 'fh I? h ydr o x y I ~JI'DU.p IlIUS't

f5-"po<:;ition (!..·let·n".\nde2 ,,"onc! Chi::\iLuff, ·19'.~·/) "

r es u l t s in lower activity" S I) c, c: 11 i. c i t .Y

is observed fur the hydrolysIs of toth oleate E\nd bu t. Y j' cl t e

cl :i. f ·ff? rent ';:; t ':? r 0 1. s ( ~:'YJ f;~ 1 1. !:~.J .fL.r... " ·i9'jl.j.) " .r t 1
, ,...,

o b S E' r v e d t I',"'\ t i' h u I E' .;; t (:' I" (J 1 ("'~; t ',' I" .;1,; ,,, I' e q u. i I" p ,J a. C I? r t a i n ;.t(~r·ol

s t r u c t u re in (.) pt :i. 11,;). J

interact:i.on .. 1"1 ('0 1" 'J i) n gJ i\,J." ('I ':,;' <::>'1) ',; h 0 'oA' Co' cl t. h 2'. t t h ()

Ly t ic i;,ctiv:i.t.i.L"" of I'<::\t pi;,ncr·(~i,:"ti.c jU1Cl:.': d9;;:,·in<:;'t.. c.h o le st e ro l

est (~I" t· PH,·". :i. '" ':': d ;:: Co 1'1 ~, 'l::) nt '.01. U I i n '....J (h I' (11£1''''. tu'] r i:< pi, Y o n be:' ph "'.'.01. '.' ~.~ an d

hi'lV!~ I',lt j 1..1 1 '.: 0.:.' 'NI, i c h



C::". \. t! u ;.:y 1.

ide n ti (;;::1.1 Lt :i.~:. found tl,;:\t the

I'"(~ldtiv!~ on t h e

f' 1 p elf 0 J y t E'! C C,If L ;:", n t I' i'.\ L :i. j) n i.l<n I' :..~ ,. n n '.,1 s l: YL.,L i/ooL.1 '/60 b).

h:)(1 i) t."; (. j" \"'~lJ t h.:'), I. bi I p ~:;3l t s an

f'fff::'ct on t hi:.:' ::;'1. 0: t :i. v :i t.'l o f c I, i) :I ;::, ~:. t c, tOO () 1 '" ",t F' f d ~:; C ..

',:.1', o \lJ ,'.! cl '1.'.1,.::". t. t j', (. e::; t (' r i f i c: ,'''.1', i o n i)·r I.: I1 (J :I. t'· '5 t (~ r 0 1

Cl11 1 Y 1. 11 t h >;! P r e ~;; C'n c e 0 f b i :I. f' ~;; D 1 t. ',: E\ t " ,.:1 t I, i':\ t the: bile

SEll t s p r j.l tee t (! .)i. it (;; ~? n t: 'j Il't) F y' I) rI, cl e ,). c t. i vat i Dn d Ur i n 'J sto ra q e ,

T tl i ,:; :i. !:" b Y c h P rni C'·;I.1. .I. y C 0 lTlb ,i. n :i. n 'J t h C' b i :I f! ",I C .i Ij ....' i t h t I, f' I:.' n z 'j III E'

(N(~d~;",!!~,jsk:i. )' I<ll?in an d

'J lye 0 C t, 0 I ;:". t f' f:' L

c (,) n .]u I,J ':;..l. t ,,' ~~

COlT! P .I. e t ,~ .I. Y lni::\ctivp. t I, e wi th

d eh yd rue It 01 i C ,::1.(:: i (I (H(,)i:' J.:I. .;,LL ,}l:.. "I (:i"::>'l; t-\urt h Y i:Hld

L~-f....r~G""
··196(;~)." .is d u e to t.ry p t ic d,i.9t."::t:i.on (')'::lhuny c:t ~O\.:.!-oo.

Gdll'July,

'1 (; 6/1 ;'i, ,

little kno '.1Jri ,::thOI.J t the o r

a ct iv ity of ,:; win e IT! i :I. k ·:3. n d t I, e " p e cif i c i t y of t h!? i:':' 1\ Z ym o

re~;p(lns:i.blf.: for thp Dctivf.ty i ~; now known

({\u qu ':; tin ';'; ()n :,:l1I'! Ul'::;on, '1761>. Horton (1~50) has t r i P'.!

iSO:li:\tf:: f.' ~; t, e ,. ;;:1 ':; f.' f r n III :i. 1'1 ':; f:~ et S y hI.! t. no\'o p pur' t ';;. El tOO E'! dV'::i:i.l;:,I.bl (~



{; pu I" if :i. r.~ d

from rat liver by D~ykin and G00dman (1962).

E'. Trl III 0 1"1 i urn sulphate ,

i::•. c t i v it y in tl-:(::.' t i IIIc: ~:. in

'fhe i inal e n z vm o PI··~~par·E·cJ. ',Y·:';;; u n sL >•. b lo <:~n·.I. had

1 0 s t :i. t~; m..;:.. j o r i::\ C t i v i t i p <:;. in' f) n E' cl,'::, :./ f ~5 ~; t D r ,::l9 Eo • Th i s

had only hydrolytic ability. It.. '; pH o ptimurn W'::I.S bl~tw(~E'n

a.ncl 7. '.:} . i: l.n l:1 c1j-l- in 1'1 i b i 'I... c'd t h (~ Eo 11 i: 'lIT, E' ~; C' Y [: r f) .I. Y •

or C i:~. t i D n s h ..:;>.(1 fi 0 p f of (~ c: t o n :i t~:; i::\ et i v i t Y " N-Ethylma10imide

(NEYI) Addition of DFP and

ro du c e d .'.':Ibou·l', (.:\()\ o f it:" :::\ctivity. J. t h <::.~; little i::o.ctivity

i::i. ~l ,,"I i n c;; t P...1"1 .i. t r () ~I h f,'! 1'1 Y], i::\ C f.: t D. t p • Detergents like Tween-20 and

glycocholi:,te in hib it.ed t h e rea ct io n ,

It 'N <::\s f 01...1. n d t. h ,::\ t t.h f" J i vel' p n ;:: y III e :I. <:; ~:: p p cif i c to\')t':\ rd s

[(?,.. t ai n fiJ.tty :::,c:i.d·:o, .. (In rp.;).ctiT!lj vJ it h the

e ,i t [: t- .:;,. , thf" ra pidly h yd r Cl :I. Y'; fod ,

fo 11 owed );. y C:\C i:!t :'11'. i:' ~:\nd pi:!. J III i t'::,.1:.. f.:, " t-'::)<:.l.cted

on. GolJprdnd

1if/\) ; Cl o :I :I. E' I" .t.L\_~L.L ,,/9;'U ) t t! ',c t co ,I ..;j nu mb e 1" of c I. Cl :I. Eo::: L f~ r 0 J.

f' S t ~~ r ':; of' c i s d 1"1 cl t r E\n s u n '0 ,;;\t U I" <::1. t. (Cc: d i) C :i d ~:, ':::' 1'1 cl r D \..1 n d t. h E:\ t c i s ~q

st ru c t.ure '-"' ..::'1'::, (,,:;,:;;pr,ti:'::I.l fOI" lit!;) :::.u.l),,:,ttdt() or::>o.l.u.bl(~ t!nzYITI(~';.

The CLII-V":' PI·i.,l';C'ntlnq tt,e i::\cti\... .i.tJ' Df o st.ers ';;\'::' i:'iI fu n ct.. r u n of

d ou b le bund I-.osil.. io n r,..'~;ielllb.l.e::; cur v o s d es crib in q the Illot'iil.ity

of thf" (. 0 r t· t: ~:; I' U l'i din IJ d c: .i d ':; 1 1 • r !.. .C d n d Gt..\... ( (', c kilt.::. n ,

(iuns'tune .'O::.:L '..l .• '1')/)/) ..

i:':.l::.



P 1- E' S e n c ~~ Cl f J. y~:; 0 S 0 111:1 I C h 0 1. e ~; t e r 0]. E' s t, F.~ r El ~; (~ :i, n rat

liver ha s be e n r e po rte d by F3'toff(:?1 ,':3.I1(l Grette n (;~967) and the

cholesterol esterifying activity was found in rat liver hOffiO-

genates at pH 4 (Stokke. 1972 a). The human liver enzyme has

a, h yd r o Ly t ic a c tiv i t y ~-t pH ~:l <-Hid s yn th e t i c c",~tivity at pH

3.8 ( S t 0 k k f~ '1 er 7 i2 a , b). An acidic activity associated with

plasma membranes 15 reported by Riddle and Glomset

Detailed studies on the human liver esterase had been c o n-:

ducted <Burke and Schubert. 1962; Sloan and Fredrickson '1'772

a. b). In the adipose tissue of rat and human. the e st e r a s e

activity is wf:?ll e~~ti:\LlishE'd (?irnc)ld _~~,l s\.l.1974; Pitman tl

~J.. It was also found that the cholesterol e s te r a s e

activity is involved either in the uptake or mobilisation of

cholesterol or both.

( '194H) has described the p r e pa r e t i o n of a

crystalline cholesterol esterase from hors~ liver but Cannors

.~.l a l , ('197 '1) f 0 1I !l d t h <.:\ tit wr.:\ s v e r y J. 0 w i n est Po r as e a c t i v i t y

and the activity disappeared on recrystallisation. The

latter workers de~eribed a liver esterase prepared from horse

liver which is 270 fold purified over the acetone ~owder from

the starting material. On further purification it was 277

fold containing approximately 2 mg. of solids per ml. The

o
enzyme could be stored at 5 C for at least one month without

loss of activity. 'T' his h d s' ~:; h o 'N n fifty times activity

towards methyl hut y r at e than 'tow,::-Irds a c et yl choline. Its

optimum pH for reaction was 8.0.



In mammalian tissues

D.:.... i 1 P y gl .c;d.. (196::;) f o u n d t h e h yd r 0 I y tic i:\ et i vi t Y 0 f

o s t e ra s e in tll€' do',;:) .:~\dr(:n<,:\l':;. fhe synthetic: activity of this

was no due to ch o le st e r o I e st o ras e (O'3.i l e y g1 .9..J,. ·196~:1.). It

was observed that an acetone pDwder extract both

for e s t e r ifLc ..J.tion WCl.':; bet,...!e~?n pH 3. Cl.nd ').
00..

Elh Y,ITI C:~ 1a ,£.1- ~J...r-

( '196rj ) have noticed that the optimal pH for the cp11 sap

pH 2.0 and th~ reaction was independent of ATP,

coenzyme-A or Mg

Coutts and Stansfield (1968) have shown that. bovine

cor pu s luteum hydrolysed cholesterol esters with optimum pH

b.O arid ~'" 1:"
f •.:) • DFP inhibited the reaction but not PCMB. About

90% of activity was noticed in the s u b c e Ll u La r fr ect Lo n s •

110 r i 1'1 1973) observed that in the corpus luteum of pr-egnant

rabbits the hydrolysis and synthosis activity was highest in

the mitochordrial fractions whereas in the ovaries of rats

the activity was in the supeFnatent fractions (Behnnan and

Armstrong, 1969). A cholesterol esterase from human placenta

-(0
with a specific activity of 8 x 10 was purified by Chen and

Mo r in ('19)"1).

A detailed study on cholesterol esterase of rat brain

was conducted by Eta and Suzuki (1971, 1973 a,-b). It had c.",

synthesis activity at pH 5.6 and was inhibited by bile salts.

At pH 4.2 it had highest hydrolytic activity. 1. t wc~sac t i '-

vated by cholate, deoxycholate and taurocholate. Pr Lt c h a r d

and Nichul (1964) observed hydrolytic activity in rat brain



at pH (> • 6···"7 • h • The activity at pH 6.6 was depressed by

deoxycholate but stimulated by 4~m cholate and was activated

Choof~,,>tel"ol esterase uf arterial t Ls su e has been

studied by different workers. The hydrolytic activity has

been investjgated in the ather05celerotic rabbit aortas (Day

and in the supernatant fraction of rat and monkey aortas

(Howard and Portman, 1966). In the human aorta the activity

pH 6.6-7.4 depending on the substrate dispersion

( Ko t het r i et iU_. '1970). It was partially inhibited by metal

ions <me! PC1'1B. Tauro cholate activated the enzyme. ~Hmilar

observations were made in the

s c e t o n e powder of rat and ra b h i t a o rt e s ,

ProudlDck (197c~ ) hc:\v£:! fuu nd a.n energy

independent esterase with a pH optimum of 5.0 in the

atheroscelerotic rabbit intima. Similarly peritD~eal macro-

phaqes contain an enzyme with pH 6.3 (Day and Tume,

i::md Day oLserved an enzyme in alveolar

macrophages with a pH optimum of 4.5.

(i c h o le s Le r o l produced by cu Ltu r i n q

o
~.;...Q.L.;LQ.L~.I...~!. .'{.gJ:::..~~J...u.LLQ..L i':\n i'\ (' r o b i c ,':\ 1 ]. Y d t c? ] c r 0 r ~) d r:,\ y s (I n a

medium containing soyabean oil, defatted soyabean, p o t a s s i um

b i s u l ph ate and t'l d q n e ~; i U ifI ~.; u .I. ph a t {:~ (Pd t (~ n t e cl by ·1 a ka r C:~ GhU Z 0

""jr:;
C.. .J



Co. L td • t Tok y o , culturee filtrate

containinq t h e at E\ s at.u r e ti o n of 80Y. ,"I'IIITIOn t urn

Lyo ph i Li s e d , This

was dissolved in 0." ph o s phat e buffer, purified by

chromatography on Sephadex and DEAE cellulose columns to get

Cl yield of 28% with specific activity of 5.55 u n it s z mq ,

protein. It has an optimum pH of 6.0 and temperature
o

40 C

o
and stable a't 45 C.

2.4 Cholesterol esterase from fish

Eventhough many workers have conducted detailed studies

on th,,~ o c cu r r e n c e uf c h o l e st e r o l o s t e r a s e in ':.\niO"l<3.1 .:.. n d human

pancreas, p':Hlcr·e.::Itic .iu i c e , b ra i n , liver etc. there is so fal~

no report available on the Isolation and purification of

ch o l est e ro I esterase from fish sources. {1nd so far .~ fully

pu r :i. f i e d D,nd stable enzyme in sufficient qu an t i t y is not

by i:'\ny wo rke r s , Se an attempt was made to e :-( p Lo r co?

t h e possibility of isolating this enzyme from a cheaper and

abu nd ant resource like fish. On s u r v e y in q the availability

of cholesterol esterase in a number of species of fishes of

fresh water, brackish water and marine water, it was observed

enzyme

in s u bstant La I quantity. So studies were conducted Of! th (~

isolation and purification of cholesterol esterasH from cat

fish.

Th i <;: ;;;\ d et a i Le d I' e p o r t on the

investigation and isolation of an active and highly pure and



It

likE" i 11h :i..bi l.i C'(I I:" ino Li cs ~
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MATERIALS



3.. I,i, I,

used

FI"e<;h cat

fish immedi2tely after capture, used W35 in rigor state. The

F i : h \,,) ,:' r'-' cut u p.;::~ 11 ,:CO 1I d I, h (c' J 1 '/ (,~ r 'N:) ':,. 1":oIIlUVQd in cold

o
c ondiL i.o n (0 to 4 c i . Cill i,\n ,::\VPI'E.<,qt:, the: f:i.\:ih c o n t ain e d a b cu t

200-300 g. liver. in e ac h

batch of enzyme isolation.

3.12 HE~.3.gi;~n t.~: "nel c h e rni CD.l::;

rill c h ..~ ri, i C i~\ 1 c,'. u s (', cl YIE: r e Cl f' €' :-: t I' e IIIe ", i 'dh purity. 'The

substrates like cholest~rul stearate, cholesterol oleate,cho-

Le st e r o l l;::\ufo:\'tc-, c h o le s t e ro I p;::o.lITlitat€-~7 et c , Wet"E) fr orn bilJHlC\

Chemicals Co. Ltd., St. Louis. U.S.A.

be phi::\d.e ': (l' 'lOO

·r r 0 n, Ph,':,1 HI iJ C i ,:i\ F' :i. nee I, r;) 11, i C '::i I S , ~3 ...re d e n •

.lndid L.td.

for column chromatography was the products of

'fhe ion exchange resins

+
Amberlite IR 120H ,

-to
DO'lJe ::~ 50 ~<l ;::~ H

were obtained from SDH, Pecler England.

,...•...
c:.(::\



::'IIl.i. nu dei. d <::t ,.'.II,J ,.', i '.\.; i,,' ! I d t I1 (0 r c' ;':l'J C' I \1, ~:; f 0 I' .uni no

a i: :i. d d n d .I. ys :i.::. j,le'/J \(U r l: ,

F:;: c e pt IT,F-thyI c olLulo ee , '.91,:i.,I·, ~'Ii"':: tll';:' 1:.'ri' ....l u c t of E.

1n':1 i;:':i LLd ..

Triet.ydrox yrne t hy I arn i no rflE,thelne (TF<l~:;)

(1 C ". Y 'I. '::'. n! i ,j c

'.I}~~rf' fl'OITI E. r"1<::1"1:1-::, D<:\ITI~;ti:~r(,l.t, (It·:I·!TI<.\ny.

1\~!\II··.lr\1 • t.. i? t I' iHr,,:? thy 11 ~ l::: !) i ·:!1I1 i \l 0 (':! t I,d n P (TF:I"iED)

U t· 0 ITI j) Ph (;n 0 J I.. 1U ('!

!30d:i.I.JIIl do do cy I ",U..l.l'lldtf: (UO!3)

W r.,. I" I.". 1.·.·.:.l I...·1· ..1T P o o I i.:•.•• , 1.... 1..·,·,]·, I" 1~ / I :::. .:.~ .." I'.. ..

niL o f·l"·l'l:i. 1'1 PfiZF:I", Lrid ia Lt,et ..

Ci(::lIl'"'.J~!r r. Gu r r L.td., Erl,;)Ji3.nd.

Ethylene diamine tetraacetate (ED1A)

d n d Cl the!" ell e III :i. C i:\ I S ~'l E' ". P 0 J, l d i n (! df' ,. U I'll E:. 1"1 e r c kInd i ·~i Lt d •

Thf.' orcinol u se d 1"0 t.. (;:\t.. bo hyd r'i::\te f~ :; t i ma t i D 1'1 was

obtained from GUH, Poole. England.

Chymotrypsinogen A

UVi':\l burn i n

Bovine serum albumin

The protein standards

Gl Yi:.F·!·i:\ 1 d(~11 yd c,··.. ,] p h o :::, 1.'11;:\'·l.. 0,' ,J.cllydl o q e n a s e

Ch f:.' III i C''::'. J ~,; C Co ., ~::i t. 1... o u i s , u. ~::, . !i •



" ,'" 1::' qu, :i. pm 1.:1) l, <:

1 " i?tnd

F:[.lc·r I"..rofll'totulnt::·tlO:t" Double LeaITI dOllblp wave 1 Pfil]th

l,\!:i.l:,h TIC l.::le 1 ~:i c arm i nq

;::, l,. "l-'-,:,'i::hlil(;::'nt ':; Tokyo,

III r::' T C' Ch ni Cj)"C1 t·,!C Ion

loclnico n In truruc n ts

/000 Ultror'<::ic Lre c t.Lo n coLlo cLu r ancl c~Og9 UV Co,-d

I I I. ; U1..) eb s orptLc n

I..•
.... 1 " \"1" IJ" 10"\, \--li9h spppcl l'"'c·\fl":i.'.J,:~j-·'.J.ted ce n t r r fuqe

u~::,("d For 1:,F'ntl' ifu'JD,tiol1 u pto 1UOO\.) Y"p"TI'l.

,. ,­-,

.h) H:i,t,:·:\cl.i (.\utr'ill"t:l,C ultr a ccnt r ifuq e

1.'."'11 L.Id. , 101:yo,

)' .

b) {;il'" o v on

.l.nd Ie.

!"PII'I\,:,(j l.nl.ju:::-;tlr:i.p~; p',J"t,,, Lt.d . , Iscru b a y ,

D. I' 0 ~::' h 1') i ~~J,::l :I. "1 .:i U f' h 1.! 1 f: I" broth!'·:]" ~, Pvt.

L.t. '.:1. "7 l",'l ,:'::\ d I a. 'c,; f .,1' 1"1 1,..1. .1



U.i,';,l. IJr:.1. c:};::'clI'OI',I,I',p'::,i,'::, "lr"r'io:Il'·"IL\\',:, D11.:1 '10 Illl') pDwer

::'. U 1. 1 i' l:/ u 11 :i, (

.r. n(I :i :':'. "

ro·::I,nj,v,',:;",l 1)I"oth;~I"::; P'l·I,•• L.t-d., 1''J.:'1dr-,.:o,s,

10. 2117 Mul tiphorelectrophoretic unit for slabgel ele-

'f" • Iiiq it a I pH Oil:" Lp r ,.1400 P .. E Concord

Lns t I" urn I:'~ n t, s P v t , L,'l. d ., C 0 c h i n , I n (1 :i. ,"l, •

::./



METHODS



ij. " '1 1\ "c. :;; E', y ,)(. \. I, () 1 e ;" t 'c' ,., () 1 ;' ',; t ',: i' i·l. :,; c~ i,:\ \. t i '/ :t t ./

Chule~tptol esterase was Bs~aved by titrimetric ITlt:' t hod

D:i.el·· (1'76:':'.) afi·.•.:,!' s I il"hl.. IllDljif:l cation of

p r u ced u re , rl,p Hletho\:1 cnn~,;.i.";t:::. in e',:.t:i.!TI;:;lt.i.lr~:1 thE' f<",tty £:\c i d

1 i b(·,~ r El l.. o~d I..! .'y' ernu l. si o n by

tit r i:,\ t i o n ,~.! J t it ';;. I.. E' n d i,:i ,. d c::\ I. k i) I i "

i,:i) bu L s t r' El t e 0.1 9. chDle~terol acetate in 1 rrrloo

arrd 0.1 '.d" .::~ 1 burn i n we ,. p I.) J >2Th.1 \101 i I.•h ~}IJ 1111. o fo.ll'1 ph o ..,:; ph a t (1

bu f fer (pH /'. U .) f 0 r ro:) mi n •

b) N/20 Sodium hydroxide:

F:i.ltpl··ed a.nd k~!pt.

its extract normality was 0stimaled.

to get exactly N/20 sodIum hydroxide.

c) Phosphate buffer:

It ..,hi', t h e n diluted

j" h 0 <:; p h.:.\ t (;' "

bolulin1l

ph o s pll<:~ t c •

0.;.:': 1I <o Lutio n

0.02 M solution

of

of

u.on o b a s i.t;

d i b a s i c

S o d lUll,

s o d iurn

39 ml of A and 61 ml of B diluted to 200 m1. to

'5 C, 1ut ro n pll ),.0"

d) 85% alcohol:

c:\

e ) P I1 (.' n () I I:'lit h ;;', 'I t' i n i n (\ i c :;.t ;j I" :

o "() '1 ':'-. ': Cl Jut ion :i. n p,':..>';':. c: L " Y J:", 1 c: 0 h Co I. ,



."I..n ;:' IUU I1I I.. C (1 n :i. C ,;:, .1 , J ;:, ':: f::, ~:) m1. sub s t r' C:\ t e ,':\ n (1 0 1'1 [! m 1 •

Jive" (~;.: t r 3. ':. I., C Cln t .;::\ i n :i. n 'J mi x ed a n d

i n cub Et t 12 cif u r ;:< () III in. 'oN i t h co Le,:;"! ~; i Cl1"1 i:.t. :I. ~:·1·1 <'::\ k :i. n -;'1 • r~t L h e e n d of

in cub.:). t i (J n P(:··' .I. '.)1.1 , ;::::0 1111. h'j"·;, (·~thyl ,:.1 c o h o 1 tu

Ch':' r e ac ti o n <':\1"10..1 bt"PdL the e rr.uleio n , Contro l were

of enzyme. (1ftf.~t' th,·' re a ct Lo n Wd~'; OVf-2t'" r two drops

of ph p no :I. pit t h·:!. 1 !:' i. 11 indicator was added .".~11d t h ,,' Lib o r a t e d

·v<:\tty c:\c:i.cl~: ':;:i q din :.; t. N./ ;::::() sod. h Yd I' 0 :.: i d e

solution. 'The qu,-3.ntity of t=IlZYITIC' Wi::;':; s ele cI e d in a l'flannl=r to

r.:l t i trc v;::"!luf~ 01':3 to /) In] 1\1/1.:'::0 sod... hydl'·o;<:i.df::'

minutes of reaction.

for 30

UnE!

1'(~'1U i I-P,J

u n it. of e n z yrue 1,,: definpd i::\\'. thl" i:\mCiunt of

to Lib e raLe o n o rn i ..:rulllulr;:! of f.;;:\tl.y acid p e r

on z yrne

mi nu t e

o
from the triglyceride emulsion under study at 30 C.

4- • ;:~ •

I. Cielf i 1 t rEI t. i o 11

2. PQly~[ryJamide disc yel electrophoresis and

4.2.1,Gel filtration

Ciel filtrdt:i.o11 Wc,\':; pC,!··rDIIII~,~d. 011 ~::.f;~plli::lcr·yl U-·-I.~OO.
;

The

<:; U:" I';; n ~:. ion I') d ", d.e i). Co '" a.t cd a Cl,j. po U I" (.~ '.ot :i. n t 0 Cl. 'J 1Dr::; c" column

( '1 • :.! ;-, I o (I C III .) El J r c: ,::'. cl y h ,.'t If f ill p cl VI il.. h d:i.sti.l.1F~cl

'J e l '.,.'.) '" P o U I" (~cl u n t, i I t. I', (.? Lt '.: !j ',' D J 1..1. III e r i.: :) cl! E' d .:,:\ h c: i 'J h t of

'.:,0 C!h. Tile col.u nm ~,!!:,\::, dri:;.j.n;.'c!. '1.111 Ch.·' ',.',;:lLc'!' 1 e ....'c' 1 fdll.'3 to



bp,:l I E'! V E' 1 <::l t, w hie h thE' C o I IJ fI'In '11 D. ~,; L CO n n f.' c t E' cl toO. 0 '1 1'1

buffer and the column outlet was connected

r'l...llllp i::\djl...\';;ted,to (Ira.in the CDJ.UITI!l <:\t 'I~I rn L, pe r

huu I" • li. t r t:: of the bu Pf (-21" Wi.':\S to

o qu iI ibri':'lt.i.,· ·tll~'·' ':If:·:!. 1.. (:0..1. T D t II :i. 0: e 'I u i .I i 1.'1 r .:;'. t E' d. col L1ITI1"1 '1 0 IT!0;1 •

of est.erase protein was added and o Lu te d with

0.01 n , I~,H:'·. (I • F'ho~;phi::\tE' bU{{PI" e\t D. fJo'.\,I r a t e of "I~:) rn l , per

Th(~ eluant was fractionated into 5 ml. v 0 1L1rrr~:~ s in

u Lt r o ra c collector after monitoring the

C:\!.)':'O rba n c (':! ,..·:\t ZgO nm wit h U'Y cord 111. UV ab<:;orption IIIPter,

wh i c h 'Ji::\V('~ tIre ,::i..b";()f'ptiol·' pD.ttf.-lrn.

4.2.2 Electrophoresis

Polyacrylamide disc gol electrophoresis was also done

to a~;c(?rtdin

"1964) •

~;3()1\.!tion Pr"

t. h e h 0 1ft0 'J (.?J \ i t y 0 f ([)avis,

1N Hydrochloric acid

T r is

'fCI"IFD

!;}o lu t, :1. on El::

1 N Hydrochloric acid

lr i s

lEt'IED

'I·f.', nil"

·/o() lid.•

lIb rn L,

0.46 m L,

i ()O n. L,



Holut.:i.c,n c~

() 'I ·73~)

() t: r y 1 ';;\.n,.i. d. f:

B.Th

Solution E:

I) i. bofl;::...... ill

Tris glycine buffer pH

Tris

Clycin;;!

t·L~ter t o

'100 ml.•

10 'J"

100 1TI1"

4 rrt'J ..

..•. 1DO fh 1 "

b,,3

,'1 ()O lid.

e
This Luffer was stored at 0 C and diluted 10 times just

IJ t" 0 III co r'h F' 1'1 0 I

Bromophenol blue

i "·111.: p r\ I <;., ••_•
r-

d Yf.' ) :

Water to 100 ml.

Amidoschwartz stain:

Amidoschwarts 1 g.

Glacial acetic acid ] ITI:I

1()U ml ,



fIle COITlpO';;f~d

0+ ~,. f', .11.1. t :i. ()n ~:; ('1, C.. E i.',. 1'1 ([ '·A' 31, i:.: I in p r o po rt t o n .. Th O::~

~:;pE\cer

<'.\\1d Vh':'\ .::; Pi"!? po:!. I" ('.~ d /) Y III .i. >~ i 1'1 'J (l, D:).n d. E: s 0 .Iut :i. ()n '; :i. n s o LuLic n s

in 1:2:1 ratio and diluting with equal Yolurn~ of water.

s olut io n "1 0 III9 ft I' rot e i 1"1) i'.\n cl 0.'1 1'1'11 bt"ofl'lQphenol

blue solution with an equal volume of 5% acrylamide

by III :i. :: :i. n ,] f:!" DE:'. n d E: s 0 1u t ion S i 1'1 '1: (~i. : "1 r d t. i 0 •

tub f? S ( g .. '~> ;.: O. 6 1IIlTI) W P 1" e f ill e d wit h

solution

E ml.

ru nn in q 'jel so Lut r o n , wh ic h wa.';; o v e rle y o r e d with fF!W d r o p s of

w<:~.ter • Tho tuLes (6 numbers) were placed near a f Lou r o s c e nt,

tubelight for 45 minutes to polymerise. After polymerisation

the water layer was removed with a piece of filter paper and

0.25 ml. spacer gel solution was added, followed by a layer

of water and allowed to polymerise as before for 45 minutes.

the water layer was removed from the tube and 0.25 ml

s L:iITI p .1 e Wd S del \.1 €' d <'::\ II d k (-;\ pt b t~ f 0 I" (~ f'lourt'sc(~nt lamp

·r o r "I~) mi nut.e s , The tubes were then fixed to the plec:tro-

'::~ , \d t I1 !:! t (-~ 1l1'::''I .i. n i n 'J Po I" t ion 0 f tubes

VJerp filled with Tris-glycine buffer. ThE' t.e r rni n a Ls of the

c o nn e c t e d to th!" POW i21' supply unit and t h ~?

electrophoresis was done at 6 fI'IA per gel.

the end of electrophoresis the gels were taken ou t

ofthetu bE':,;, f i ;.~ e d El n (-,I, s t '0;1 i 1"1 c·d. '.\) i t, h ':::1 III .i. clo '" c: II 'J.} ':::1 r t -.:.

').cid <':'.1'10.:.\ photu'jri::,phed..

s o Lut io n .



4.2.3 The absorption spectrum of pure esterase

The absorption spectrum of pure c h o I o s Le r ol

proteIn t2.k en by scanning 0.5% c h o Le st.e r o I

in 0.1 M phosphate buffer from 200 to 600 nm i n

vlsible double beam double wavelength spectrophotometer.

4.3 Molecular weight determination

Th@ molecular weight of purified cholesterol

was determIned by

1. Gel filtration on Sephadex G-100

2. SOdium dodecyl sulphate polyacrylamide disc 0 e 1

phoresis.

4.3.1 Gel filtration on Sephadex G-100

fe· r" Th,'2 ,-", ... ." ~

.;':'i .::~ I_I. : :::'~ '..1 ;.:' ..;.

='."I"1d t.he ~,::-:!. r tic 1 f~ c.:. t.. -../

d e cantati on , The volume ef the gel suspensIon W0S nDted

sufficient volume of 0.1 M phosphate buffer pH 7.0 wa~

for a fin21 buffer concentration of 0.01 M. The. ...... 1
11.·.. :::J -...- ~; Lt ~:......

pensiDn b r ouqh t C!. t
o

4 C arid

(1.5 x 100 cm. pharmacia) which was previously h':'::'.l f fill";".J

o
with O.OiM phosphate buffer, maintained at 4 C. As the gel

was poured, excess buffer was allowed to pass through the

bed. of gel continued till the gel bed r e a c n o d a

of 80 ems., controlling the elution rate as ·15 rn I / h ..

by using a peristatic pump. The column was then washed

equilibrated with 2 litres of O.01M Phosphate buffer. pH 7.0.

37



To this, equilibrated column blue

proteins

ovalbumin;

rib I.:)n U C Q 1 ea se: '1370()O 7 c h ym 0] t I' Yps in Q 'd,;: n

43000 and albumin; 67000 and

esterase were applied and eluted one after another ana t h ~:.? i ;."

elution

absorption meter.

calculated as pe~ the equation

vt TClt:=,.I bed v o l u rne

I..;.,.'.? i!.J h t

f3c diu [:, d Cld f.: C Y1
'= 1 e c t r 0 p h o I' i~ ~:. i s

d :i...:: c I::!::" 1

f'1olecuI2'<.r ....IE! i q h t. cholesterol i::i 1 SO' (::0

d e t e r rr. i n (~d by SOS-polyacrylamide disc

a) 0.05 M Phosphate buffer pH 7.0

This was prepared according to GQmori

38

1962) as follows:



Solution A

f:301ution 8

S 0 11.1 t i Q n (.~i w·:\ s mi ~{ '01 J \JJ i t h 61 iT! 1. ,; (J l u t i rJn B 3. n ,..1 .j:t I 1..1 t f' •.01. t, u

Gel buffer was prepared as follOWS:

(···..L=, f·JF'f"j 7'-' n....2,. 1 -... . n~_..

Sodium dodecy1 sulphate

0.05 M phosphate buffer

Sod. dodecvl 5ulphat@

toje r c.:;, p i', 0 i;;' t. h 6. n D 1

-- 2:~::() m 1. "

!()Ci iTlJ ..

0.1 rn L,

'100 IT:1 "

d) 0.05% Bromophenol blue in water

e) Preparation of sample and standards.

The standard proteins Ribonuclease A. ChymotrYPslnogen ~

3"-pl-IOS phat(:! d e h yd r o qe na s e T .0.n·.:1

Bovine serum albumin and the purified Cholesterol

was separately dissolved in 5 ml. sample buffer to

concentration of 1 mg. protein/ml. and the s o Lu t i on s we r e

o
incubated at 37 C for 2 hours.

39
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wer·;e taken. To each test tube 3 ~l of 0.05% brom~phenol

b l u e , '1 d r o P Cl f " 1 \! C ,,, I"" oJ 1 "'\ Aj 1 o .•'... :::J.; - •.. '! .... /".. . I ITI i.? !' cap t iJ ':?t han 0 1

of sample buffer were added. To one by one of these

add e d 50 }..ll of the incubated protein solutions of Rlbo-

nuclease A, Chymotrypsinogen AT

J]./ -:',1. tU!TI:i n r Bovine :;!.1 J.:;'.l1Tl i n

Cholesterol esterase and labelled.
(I

kept at 4 C far fu~ther use.

This was prepared as fDllows~

rier 'j 1 ,':Im i de r". "-. ,-...

c.:c.,::'. I].

().,~ 1]:1

'100 IT:I •

Filterea and kept at 4 c.

g) Persulph~te solution

Ammonium persulpnate

'10 m I

h) NNNN' tetramethyl ethylene diamide.

P r 0 c .?du t- e :

The gel tubes (8.5 x 0.6 cm.) were thoroughly c I E~::~ n .,. d "

rinsed with distilled water and dried
o

'lOO :!:. '1 C.

in an air-oven at

F'i>:ed the tubes in a stand. '10 rnL,

buffer and mixed with 9 mI. acrylamide solution.
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was again deaerated and 1.5 ml. freshly c:illl/T, 0 n i u rr,

persulphate and 45 mI. of TEMED were added. Th t.? IT! i >~ t U j" '=

gently shaken and 2 ml. portions were added to the gel

avoiding air bubbles.

of the gel solution immediately using asyrinqe. The

were left for 20 minutes to haraen.

gel was removed with {ilte~ paper.

"lOO 1-.\1 of each one of the .' t- .; \ "::." : -

.~ .. h .:~ t.u ,b(~ -:;;

The "la c an t space in the tubes were filled ~~th

.3ppl.L,,,d,, f .L II '.7 '0.:.

(I

experiment was done at ~u C in an air condltlon2d room.

.... .c·
'-I: t hf:? 1"1 j::' i .;:.::; .. ... ,-

the tubes with a syringe ~nd stained with 1% amidosch-

in acid fer 1C) ITI i nu t t'23 • It then

destained by repeated washing with 7% acetic acid.

e 1 e et r o q r sm s obtained. the mooility of each protein

was calculated as per the equation,

l"lobility,-

Distance of Protein
rni q r a t I o n

Gel l e n q t h c).fter
d e s t a i n i n q

Gel length before
stainin']

,----_._-----
Ir i s tan c e of b ro mo-:

phenwl blue migration



The mobility o b t e i n e d w<",r,; plott,c;"J ';;\~J,.;\ir.st. lD'J mole c u Lar

weight

esterase was determined c o r r e ep o r.di r.«

moL i Lit y ,

4.4 Carbohydrate

C~.rb()h'Jdt-ate c o n ten t, of

estimated by Cil'ciiiol IrI i2 t hod (U ITI b r ], e t .~? t~ .:..,.. 1 •

hydrolysis and separation of the carbohydrate.

e
o • ::. 1Tl 1. '1 t-I h yd :.- c c h 1 co r i c <., C i d .':l. t 100 C f Cl ( ." h r .:.. , 'i .;".

tu be sealed under vacuum. t.. ~. !~

with 1 ml. distilled water and cen~rifuQed at 5,000 rpm. The

c l es r

-+
thr':}ligt", Co:Ltl~rli1~; o·f D()we/: '1 ,', 4 }~

-4HCOO (1 ~ 30 cm) to remove the amino acids an~ e!~ted

d i s t i Lle d The first 50 ~l. fractioln c o 3.], e c: t.1~':':'~

arid d I' i. ed under
o

S·()~--(S() C in ..:0.

eva.por;;;,tDr.

e v apo r a t e d ,

acid.

The acid free residue was dissolved In 1 ml. di;tlllE·,j.

water. O • 0'1 r O. 2 and O. 3 IT.1. p (J r t ion S 0 f t r-. i s were

ferred to separate test tubes and added distilled water to

1TI.3,kef i n a 1 v 0 1LI me to 5 HI 1. in e 8. ch' t est tu to '? • 3 ml. F r e s h Ly

orcinol in 0.1% ferrlc
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c o n c en tra t.e d hydrochloric aCId was added to each test t u b o ,

in El 1,1,1.::" t ': r bath

Similarly standards containing

.'::.. 11'..1 'I· 1_ _..
I... !I \::.'

colour developed was ITieasured at 550 "~rf, j.T·)

spectrophotometer. The optical d e ns ity

s t an d s.. rd s p l o tted In ';;i. I]fc:\ph c: 0 1'- r Eo '" PCln cl :1. r, 'J

From the graph obtained.

4.5 Amino aCId analysis

4.5.1 Amino acid analysis using automatic amino aCId analys2~

f~rrll n o acid analysis was cal~ried O~Jt accordIng ·to t·! i 1-.:

About 10 mg pure cholesterol esterase

f i l 1. E'!oj \t,oi. th

o

the hydrolysis was over. the tuLe was broken

I./."Ias evapora~ed under vacuum at r:
~_. r: Th (.~

re s i d u e was dissolved in few ml. distllled water

ev a po ret e d . This was repeated till the reSIdue was {ree from

acid. This residue was dissolved in 10 ml. of 0.20 N S o d i Uril

o f pH c:. 2. TWQ micralitre of this s o Luti o n

r n i e c t e d into the Ne 2P Amino acid c:\T"!::\ 1. is; e r s y s t ern ,

amino a(id peaks recorded were identified and computed with a

pattern from a standard amino acid mixture.
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4.5.2 Estimation of tryptophan

Tryptophan being oxidasable during aCld hydrolysis was

analysed se pa rat.: 1 y spectrbphotometrlc

Goodwin and Merton (1946).

solution of cholesterol esterase was prepared In

() • '1 sodium hydroxlde and u Lt r a v i c Let

spectrum wa.s tctken in <':'t double \;'}3. '/ E'

spectrophotometer. The molar concentration of tyrosine

preseerved in the cholesterol esterase prote1n was taken from

t h:? amino acid a.n-3.lysis data..

coefficients of tyrosine CA) and tryptophan (B) in 0,'

sodium hydroxide at 280 nM 1556 and 5225 respectively were

(Goodwin and Morton,

absorption s p ec t r urn

E.:·: tin c t i on

which CD n t r i bu . t ion '1.'., ~:/ ~- !J s i no 3.n·j

tryptDphan in t.h e i r in c nc lest e r o I

If x is the total number of mole; of tyrosin2 .:3. n ;01

tryptophan put to geth0r then.

E = yA + (x-y) 8.

From this the unknown x was calculated and the

of mo l e s of tryptophan was calculated bv.- ..f t hi:'?

number of moles of tyrosine.
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4.6 Effect of temperature

4.6.1 Effect of temperature on cholesterol esterase activity

The cholesterol c o n d u '.: t 'J ,:~,j b ....-

incubatin9 th(? reaction mixture -1 () }!.l e,f

cholesterol estera.se
p

f I··· ern 1i· C

o
to 90 C for 30 minutes. The reactIon ~as termInated by addlng

20 ml of absolute alcohol and the liberated fatty acids

titrated 3gainst N/20 sodium hydroxide ueing

i nd i ce t o r , From the titre value the velocity

(numhEor of moles of fatty acid liberated

(:..1 ell l at od , Fr· 0::0 iT:

t.e rn p e r at u r e ,

out.

the optimum temperatu~e of rea:tion ;~)·3.:~ found

4.6.2 Effect of t e rr.p e r etu r e

stabil:ty of temperature on

was found out by incubating 10 ~l of the purified chQle~terol

0.1 1'1 pH ~... "'.
./ 11 ~._.l phosphate buffer and

N/20 calcium chloride in a 100 ml. conical flask for 1

at
o 0

temperatures of 30 C to 70 C. After one hour the L.2frlpC--

r a t u r e
e

of the contents was brought to 30 C and incubated

the same temperature for 30 minutes and adding 10 rnl of the

sub s t rat e «(;.1 rn L, c h 0 1 I:! :~ t i'~ 1·- 0 :! Li 0.: .;? t·,-. t (? .:':\ n ....1 C .·1 '.:'i" 3. 1 bU.IT:t n i ;.,

50 ml. pH 7.q~~hosphate buffer). incubation the

activity retained after the t e mp e r a t u r e we r e

measured by titration with N/20 sodium hydroxide. Thf\ VcdU0\

of activity obtained for ea c h eplotted

against temperature in a graph.
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4.7 Effect of pH

4.7.1 Effect of pH on choleste~ol esterase actlvit;

The effect of pH on cholesterol esterase activity was

determined by conducting the as~ay wIth 5 ml. buFfer pl'l

ranging from 4 to 12. The buffers were prepared as follows:

a) Universal bufFer (pH 2-12)

This buffer was prepared according to Lurie

A mixture of 0.04 M phosp~oric7 boric and aC9tlc acids

p r e par e d , of' pl"'? '-/ c\ 1. Lt.f2

obtained by adding 0.2 N Sodium hydrc~ide to 100 ml. Q~

the acid mixture was shown in the table below:

Un 1 '../ ;:> r 53.1 Bu i.I '~.L.

o . E::"i i··4:,=,. iJ1···\

c: ~ o-' ·
:~?

.1 .:-: ..:::.fe- A

4 24 Co.·_i

5 :35 ·0

6 i~2 ·0

I' 52 ·~S

f:) 60 ·0

9 67 ·::)

'1 0 78 ·0

'1 '1 8'-' ~}-::> ·
'12 '100 ·0
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The pH optimum was also determined using a buffer cum--·

binatin of Mcllvaine phosphate buffer and 8arbital

- \1 ,

buffer prepared as follows:

McIlvaine phosphate buffer (Gcmori. 1962'

Stock solution.

A. 0.1 M citric acid solution

B. 0.2 M dibasic sod. phosphate solution.

x ml. A was mixed with y ml. 8 and the mixtur~ was

made upto 100 ml. to give a buffer of the

pH as shown below:

pH

3

4

6

6.20

7

>~ If! I .

30.7

-17 • .-:;

c; • -1

6.5

y ml.

''+3.,,)

.._----------------------

ii) Barbital buffer (Gomori (1962) - Stock solution

A. 0.2 M sodium barbitol solution

B. 0.2 M hydrochloric acid

50 Ml. A and x ml. B were mixed and made upto 200 ml

to give the required pH value as shown in the table.
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pH n ITI),.

4';·:

----_...---

.In of McIlvaine phosphate buffGr ( pi'1 '..: --7 ~

E:arbitaJ buffer (pH 6.8 to C)"J c omb i net io r. , tr:E'c:\,.::t.i'/j,i.1.?:;;.

barhital buffer pH range were elevated to McIlvaine phospha:e

buffer level by ,~d.ding the a c t i v i t v d i fFe r e n c e fro rr. co mrno n ~:,i-'!

6.8 and 7.0 to the activities of pH 8 and q

The activity values obtained at variD~s rH were

Baribtal buffer combination.

w·::'.s foune!. out.

From these graphs t~e pH Optl~2

4.7.2 Effect of pH on stability or cholesterol esterase

The stability of cholesterol estera~2 to pH was deter-

m i n e d II sin gun i v E~ r S e\1 bu f fer in t.h e pH r en 'Je 0 f '1- to "12. ThE'

buffer was prepared as in Table 7. One ml. of 0.1 M universal

buffer (pH 4-12).

e
0.5 ml of N/20 calcium chloride were incubated at 30 C for 1

t'IOU r • To this, 10 ml of the substrate emulsion and 10 ml. pH
o

7.0 7 0.1 M Phosphate buffer were add2d and incubated at 30 C

for 30 minutes with occasional shaking. The activity was

measured by titration against N/20 sodium hydroxide.
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and c o r r e s p o n di n q activities were plotted on

l;.,'h i c h effect of pH on the stability

esterase was determined.

4.8 Effect of 5ubstrate concentration on esteriflcation
cholesterol esterase and Km value.

by

The effect of 5ubstrate concentration on v el oc r t v of

c no t s st e r o l r,?·;:..c t:i. on w3',;; s tud i ed by d o i n q

esterase assay with different concentratIons 0; the 5ubstrate

( CJ .1 t'l t D 0.1 1'1)" The reaction was carried out as in

rrie t h ods thE.' velDcity of

finding the number of micromoles of fatty acid liberated per

5ubstrate concentration and velocity were then

Th o './,:I.lu''2s

to respective reciprocate and were plotted in the -...}
.'

a.i:: i S 0 +. .;:t. IJ I~ -::3. P rl " From straight line obtained its slope ana y

intercept.

equation

1 1
to calculate Michaelis

v r~

constant Km where slope is

4.9 Inhibition and activation

Km a nd y intercept .1

v

4.9.1 Effect of aldehydes and ketones

F 0 I'"ma I d e h yd e , acetaldehyde, acetone and ethyl methyl

ketone were incol'"p0l'"ated separately to 0.1 M

. 49
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in O. '1 s u b s t r a t e . TtH~ Co s te ,····,,\\,;e

conducted Cl. S usual but "'J 1 t h1 {) IT!1 • co n t.sin i nq

formaldehyde, acetaldehyde, acetone and ethyl methyl l.e to n e

an •d 10 ~l of purified cholesterol estera~e sol ut :..»n , The:'

reaction was allowed for 30 minutes and activity with

aldehyde/ketone was determined.

4.9.2 Effect of inorganic anions and cations

The - -anions used were FT Cl, Br and 1 as

.,..... ~+ +-+ -t-or '1"'+ +-f. -t-+ r+
The cations used were Ba, ~aT CUT Fe. Mn Mg, Sn. In

in th.? form of their chlorides. 0.1 M Si) 11.1 t i on";

we rep r e pa r e d • To determine the effect of these ions on

e s t e r a s e , assay was conducted with 1 ml. of solutions with

'1 ;'.\ 1 pure enzyme and 5 ml of the 5ubstrate. Th i s=~ 1.JJ·~.S kept

e
30 minutes at 30 C to complete the reaction.

of 85% alcohol was added and titrated against

From the results the degree of activity i n the

presence of various ions was calculated. The ',)';·3.';:;

also assayed tofind out the degree of inactivation.

4.9.3 Parachlaro mercuri benzoate

M solution of PCMB was prepared. To 5 ul of the

enzyme preparation was added about 5 ml of 5ubstrate and 1 ml

Q f 0.'1 1'"1 PCI'1B •
a

It was kept for 30 mts. at 30 C and after

the reaction, added about 20 ml. ethanol and assayed

activity as usual. The effect of PCMB was thus calculated by

comparing with a control.
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4.9.4 Diethyl fulrophQsphate

About 0.1 M solution of DFP was p~epared. To ml.

enzyme solution and 5 ml 5ubstrate was added about 1 ml. 0.1

M DFP and the activity was assayed as usual along with

contral. From this the effect of DFP in the enzyme activity

was noted.

4.10 Substrate specificlty

The specificity of cttolesterol esterase

towards different fatty acid were hu- ./

conducting the assay USil1g esters. were

cholesterol acetate, cholesterol cholesteroJ.

heptanoate. cholesterol cholesterol steara'l2,

cholesterol oleate. cholesterol parlmitate and choleste~ol

These were individually in

amounts in the reaction mixture and enzyme. incubated for 30

minutes
o

at 30 C and when the reaction was over, the fatty

acids liberated were estimated by titrating N/20

sodium hydroxide. The activity differences with these

5ut;trates were notedw

4.11 Immobilisation of cholesterol esterase

4.11.1

follows:

Immobilisation in polyacrylamide gel.

The enzyme was immobilised in polyacrylamide gel as

One ml. pure enzyme solution was mixed with 9 ml.

distilled water and 10 ml. of 0.1 M phosphate buffer, pH 7.0

containing 20% acrylamide and 2% NN f methylene bisacrylamide

in a 100 ml. beaker. To this.
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pe r s u Lp h e L e arid ITI i >~ c! cl "

This was kept far 20 minutes to gel. The gel was taken o u t,

Ly o ph i Li s e d to get the immobilised Thi -:;:.

sto r e d In an airti9ht
o

c C,n t _:~ i net- -_<_ tOe th 12 p r o p e rt y

st.u d ie s such a5 its activity, storage life and o:I,cti-/.l.ty 1n

different 5ubstrates.

Immobilisation on chitosan

One g. chitosdn was dissolved In 100 ml.

pH was adjusted to 6.2 by adding 0.1

s o d i u rn h Yd r oJ >: i d ,,~

chitosan. 'lOO /0..1.;) of e n z yrne 'N-;;,-=':· to c h i t o s..3.n

s o l u t i o n , kept for 2 hoJurs with stirring. After 2 hours i I..

was neutralised with 0.1 N Sodium hydroxlde. Chi.to·::;"'ln W~::-.S

p r e c i pi La t.e d , This was filtered, washed free 01 al~ali

ke ~.t
o

0-4 \~ . ?ictivity' of t h e

1..1.-; i n9 the usual assay methcd. i rrur.ob i 1 i :::. i~ 1....1.

e n z yme

specificity etc. A comprative study on t h ':~

immobilised enzymeswere also carried out.
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5. RESULTS AND DISCUSSION

5.1.1 Distribution of cholesterol esterase in fish

(Jf different specIes of f:i. ",h

a c tr v i xy "'J.:::"~; d et e r mi ne d , Among those, the following

have shown the activity in the liver, muscle and egg.

S~\rd i ne

I"I::.~. ': k I~ I' (~ 1

r'tu I 1 >3.. t

.J ,'~l~) f i '-5 h

Fohu

\,.'.:::..1.9.

Milk fi'~h

(~·J8.11.::\11o ,,~t t u i----.._~.._- '--"-

fi:;h immediately after catch

processed to give liver, muscle and egg. They were hOfrlO-

genised separately and one g. each was extracted with 10 ml.

cold d e i o n i s e d water in a h o rn o q e n i s e r arid centrifuged at at) c

and 10,000 rpm for 30 minutes. The 5ubstrate was prepared by
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blending a mixture of 0.1 g. cholesterol acetate in ono rnl ,

alcohol and 0.1 g. albumin with 50 ml. 0.1 M phosphatQ buffer

El t. pl-·l 7. 0 • One ml. of the extract and 5 ml. of the 5ubstrate

were incubated at roam temperature iar 30 minut~s with

sh0\kin.:;).

and titrated the liberated

N/20 sodium hydroxide using phenolphthaleln as indicator

the activity is claculated. The activity is expressed 23 ml.

of N/EO sodium hydroxlde required to neutralise the liberat2d

esLerase activities of different SP0C12S of fish obtained b'

I t- '- is found that in general the enzyme activity is i. r:

the of the fish and among different fish t h ':?

o c c u r s i. n

_ .... .J
_:.:'.tll ...I.

t:. .:;-
_' ;t ,~_. Puri'fica'tian of ct)ole~tej~ol es~erase frOITi cat Pisl-l

11 'i er.

Freshly caught cat fish was brDught to tn2

in iced condition and processed. The Liv e r

About 500-1000 g. liver was collected. to

(I

o washed with minimum quantity of coJ:Ld

drained. ?)1 1 f u r the r 0 P t' r elt ion s we r e c a r r 1. e cl ClU t Cl t cl t P ;1"1 P e -

rature between
D 0

o C-4 C. The liver was nomoq e n i sed i.n a

homogeniser for 10 minutes. phosphate buffer pH 7.0

was added to the homogenate in 2:1 proportion, stirred

and allowed to
o

remain for a few hours at ~ C.

54

\,1.'<:\5



T(,[lLE- 5

ChQleste~ol esterase activity in selected tissues 0~

different species of fish

------_._----_..__._----_._._---

~J Cl • NalTli~ Q f f i s h

/u. rno l,' rn; n • / ,]" r'rot. e 1 n

E'.J'J

---_ ..__._--_._-----------------_.__._--_ ..._-_. __ .__ .- .._-_._-_..__ .__.._.__ .._------_ .._---_ ..._.....

'1. Sa r d in e
($..::;( t- dj. n~J.l:i:: .L~U::!.9..l..fS:.QS"::.) 1.2

2. 1'1ac l: '? r i~' 1
( fj ~:;. <,;. t.:J::..~:~.lJ. i...9.,c C. }: ,::<,~::!:...!.::J,5l ) o . ~;: ~:~ ::.:'

0.::::

r; C;:<. t f i S i'l
_, ,..,L..-,

t • '\_'_.:

o. Cf,)

o.1 '7'

'11. j-J ;~:,;., I" 1 '5 P Cl t
(J':: t.r cu;:ll!l!:, .1'!:-\:l.Lf~t2.rl ':; i ~: )

12. t1ilk flSh
(~ h c.<, n..£.~: c h <:~.E..o ~; )

'13. Tt l~pia
(I.Ll.:":..1=' i d rrtcL?2_S:i:~rr, i·:~.i C F-<. )

0.405

0.2::::

() .. ()8

5 '"- ..)

() .. 2:'~::'

O. ,6

0.14

C,2'j

c , 2:':~

0.20

O. 17



centrifuged at 10,000 rpm. The filtrate was collected and

the fat layer was removed by filtering through wool.

The residue was 011ce rrl()re treated phosphate

centrifuged and collected the filtYate. filtrates

were collected and centrifuged in an ultracentrifuge at

10,000 g. for 30 minutes and the residue w~s discarded. Th~

centrifugate was used for further fractionation and purifica-

tion.
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5.2.'1 (';rnmCln :i U fft ~; u 1 ph c\ t i:~ p f' e c i pit i:~ t :i. Q n

Solid ammonium sulphate was added to the cold

s o l u t i o n little by little to a s a t u r a t i o n

constant st a r r i n q , This was kept Qvernight 11' CDld

.1-', t- 0 t ;:"0', i I-I ".'.:. ~ - ' . f t 1 ' 1 . j tj." t e c: 1 p i t, a f?C Wi.:"<.S c: Cl.L ~~ C 1:: :0': (. 'j y c (:n T, I" :i. f u <];:; t i Cln

10.000 x 9 for 30 minutes. ?"i 'J a ins D lid. ,:;;.ITIITI ") II .!.U '[I '", IJ. 1 ph.:? i.", i~. ,~, -=".::;:.

i:o.dded

n iq h t ,

to the filtrate to a saturation of 75% and kept

(2 n .: 'jIT; '.2

C "', 1 -: '" i" t. e',.-1..., b . ,_ ...... _.', :0. j c e ntriFu q i nq a s

c o Lle cte d :LT"! cellophane bag and rh J.

continued t.ill all

e sc a pe d from the enzyme protein. The remaining proteIn

d i sso Lv e d in '1UOO rn L, 0.1 M phosphate buffer (ph 7.0)

to desalting using Sephadex

~·D J. '.1 ':. i on

Sephadex G-25 previously equilibrated with pnosphate

pH 7.0, till the whole protein was deslated out f' r U m

c er 1urnn Il "The elua'te obtained was CQTlcent~ated ~lsi'lg 25 g~ (if

dry Sephade~ G-25 and filtered. This was again wash~d ','.! 1 th

ph o S phiil. t.? buffQ!" pl"-I 7.0. The w.::1::.hings a.nd f i I" <;; t filt'-·:<.tQ

were combined and cholesterol esterase activity was C\s:.s..a y ed

USIng 0.1 ml. of this solution.

5.2.2 DEAE column chromatography

A column of DEAE cellulose 3.5 x 36 cm. was

The column was washed and equilibrated with 0.01 M Mcllvaine

buffer pH 7.0 and maintained at a flow rate of 30

ml/hr. The desalted enzyme solution was fed to the

57



It was washed with 0.01 M phosphate buffer pH 7.0, until th0

eluate was free from UV absorbing materIals. Th on th",? co l umri

c o nn e c t e c to a gradient dev210per and u n d e r

1 .... enler gradient of 0.6 M potassium chlDrld9 ~olution 0. 1 i'!

pH 7.0 phosphate buffer. The eluate was collected in 5 ml.

fra ct i o n s , The fractIons were monitored for l.h ('? o pt. icaI

density at 280 nm for determining the protein content.

ml e·". c h ff·3.c'tion·:;

esterase activity. The gradIent elution 0rofile of cat

c h o Le st e r oI esterase is given in fig. 4. Frect i o ns

high esterase activity we~e pooled

assayed for enzyme activity.

••.• _i
::'.!!\",1.

F;-act.. i ons ha v i n q .1,,' ...

;':"CL1-·./lt.y

t..JJ er f.. Ci-··- '1 ()()

(3.5 80 ems.) for further purification. Ci-' (j()

column p re v i o u s Ly l.,L} j, t h O. '1 pH -"I "',..... 1-...'

ph~sphat2 buffer. to

t h;? C o l U l'nli • It was then connected to a res2rvoir

0.0'1 pH 7.0 McIlvaine phosphate buffer and eluted .;;~

o f -1 ::' m1 / h f' • Five ml. fractions were c o Ll e c te d

f r-.,:OIi.: t i on collector attached with UV monitor f I] 1'-

determining the protein content at 2aa nm. Ft"om al t.. e r n a t e

fractions 0.5 ml. w,:\s used fOI~ the assay of cholesterol

e s t e r a s e activity. The elution pattern of the is

'Jiven in fig. 5.
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Tt~BLE 6

P~~lficatiQn of cholesterol ,j ::. f -F (.: ~.. '::- n t

----------------------_..-._--_.

Fold
Pu :.- i fie :='. t :i. on

Hernandez and Ch2i~of

<I ';ic::<.:: )

C:::<. ',.
.- ':- J •• i ; •
:.,•. '.." ...i'_:• ....
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Distribution of cholesterol esterase aC~lV1S~
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The fractions having high actlvity WEre collected

the total activity was again determln0d. Th i s

in a lyQphyJ.iser.

dissolved in a small quantity of pH 7.0 buffer. It i.3

that only one peak is obtained for the esterase on filtratlon

on G--lOO. The typical purification

'J i v e n in f i ,;) .1 •

.,- .~--.. "._' . "-"

5.3.1 Homogenity of purified cholesterol est2FaS0

chromatography was applied to a column of S2phacryl

( " • 7 x 50 cm.) equilibrated with ......,. ...
;' . "-}

phosphate buffer. The column was eluted with the same buffer

at flow 'l I:
IT! ,L,' r, r • rh,,? c pti cr.. I

into mI. • p"·ot i.3:i,n

ottained which was the esterase peak.

Tho=: pu r LfLe d

su b j e c t e d to polyacrylamide gel electrop~oresis (Fig. 7) •

The electrophoresis show that the sample contained cnly one

band wh i c h indicates the extend of purity of

Fi.] . 8 the UV ab 5 D r pt 1 Cln of' pu r tF t e o

cholesterol e s t e r a s e , The maximum absorbance was

The

the

ratio of absorbance at 280 nm to 260 nm was

absorbance was done in 0.1% solution in 0.1

'1. '192 when

1"1 Tri~;-Hc:l

pl-l 7. ~3. By the methods of column
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G-100, Sephacryl 8-200 and polyacrylamlde dISC

(':! 1 e ct r o ph o r e s i s it 15 found that tha

prepared was pure and homogenous.

cat f i ·".h of c ho t o sto ro I

"_ ._ I-
r ...:4. \..

juice (Chowand Morin, 1971; Murthy and

Rat liver (Deykin and Goodman,

( >1 Cl r in, '1 C:j6 2) •

al~o

steps of

~ecovery i~ given in Table 8

5.4 Molecular weight

The rr.o Le cu La r (j f

daltDP SOS electrophoresis gave a value

de.l tons. From these results an 2ver0ge molecular ~pight.

ab ou t 86,000 daltons is f is; h 1 i v t:.' r

cholesterol The molecular w~lqht of

varies from sources to source. From the rat pancreatic juice

the molecular we i q h t 15 65000--69000 d a l tons (Morga.n .~t 2.1--

Teel e 0!::. §.1. r e p o rt e d a c ho Le ste r o I

esterase complex from pig pancreas powder of molecular weight

mo r e than 8,00,000 daltons Wh1Ch can be converted by lipid
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':::<.m i ne· c\ c id on I..h i~, -.':< -j-
I,. -.
I":::

molecular weight of esterase as 86,000 daltonS.

acid pattern obtained IS 51m~lar

-1 Ci rr ~:;. III
I : ! ;._ r :~..L :: '1 .: ... ':';'

Hence tyrosine seems to be absent

.- -.. -.. .;. - .:,_ i_'; I '.....:..ot, r"_

there by resumbling. pancreatic lipase.

th·;o\ t, 1 '5

pancre~~tic

-;,7-.fil i. T1 0

s e r i ne

noted .:'." .•...

the acidic amino acids is about 3~%. The hjdrCpnobic residu0

15 ·Cl.bDut The presence of normal .::\IT:GU.n t -3pDl.::a.v·

to Hatch (1965) residues of Lysine, Arginine, Aspartlc E'. c i d ,.

Threonine and Serine are considered to be polar amino "", c i d s

a.nd Valine, Methionine, Ls oLe uc i n e , and

Phenyl alanine are apolar. The ratio of the sum

amino acid residue to polar amino acid reSidue lS 0.96.

'12
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5.6 Carbohydrate analysis

were conducted on the carbohydrate cont?nt of

11';5 in 'J t h s Ofrei no 1 ITi i".~ t h 0 ,::1 •

C 2. r b 0 h yd rEI. t (~ tota I . f·L).!Tlili 0 n '..:.\

(1 Ctl 6) tried to liberate 3iali~ acid

But it was not a success.

5.7 E·Ffect of 'teITlperatllFe 011 activi'ty and stability o·F
cholesterol estera3e.

;,hel'·.vn
o

"'1 wh ic h sh o w s .3.T"{ o pti murn t;:~'nlp~::::{.::~tuV·;:·1 lJ'/ "_':? r:

pH 7.0. Sim11ar optimum temperature

p3.nCI~r~(~tic esterase froITI animals.

o
cholesterol esterase 15 40 C (Anon, 1981.)

esterase was ac'live ever}

F'i q a ';~. h G \.~' ~~. t h i2

~/ . O. I.t i ':C. observed that the

.::'.ctivLt.y'::!ui·-iT''J :-:<: 0 iTI i n u t 0:' ':; h j~3 t

Cl 0
varying from a to 45 C and above 45 C.

5.8 Effect of pH on activity and stability of cholesterol

Effect of pH on the activity ot cholesterol esterase is

s h o wn in Fi.]. '13 and pH stability in Fig. '14.

the pt··1 ~\ c t i v i t Y plot obtained with u n i v e r s a l

McIlvain,? ph c s ph a t e buffer and b~~bital It

found that the activity of the esterase is maximum at pH 6.2

and the activity range is from pH 5.5-7.4.
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The effect of pH on stability of cholesterol

is given FIg. 14. which shows that the enzyme is stable for a

period of minimum 30 minutes pH range 5.5 to 7.4.

B~low the pH 5.5 and above 7.4 the enzyme was found

. t .lnac .. l'..Je.

to

Like lypolytic enzymes the pH optimum for

is dependant on the physical state of su bst rat e ~,

The

reaction is 6.7-7.0. Value as high as pH B.6 for the hycJ.,·-O-···

lysis (Murthy and Gangly, .,:.. .,=. 1 a w .:::."~ pl"\ I::. :::;,
._.- ..._' .E\nd pi··i

·4.7 for d. synthetic r e a c t i o n (Fador. '19::>0). E:to ,~,.nd ~~;uZL\ki

have found the actiVIty of the enzyme from rat

with a pH range of 6.1-7.2. Another cholesterol esterase wit~

a pH optimum of 5.0 has been found in the atheroscelerotic

rabbit intima (Proudlock and Bay, 1992).

the esterase from fish was found to be

in the pH range of 5.5 to 7.4 and optimum pH of

5.9 Effect of substrate concentration on velocity and
activity of cholesterol esterase.

In to study the effect of substrates,

conducted by adding different esters to t h ;,.,:

a-::-sc."IY s amp le , The s u b s t r s t e s ...... ere c h o Le s t e r p l

c h o l e s t e r e I I e.u rat e cholestel"9 1 archidate. cholester91

butyrate etc., along with the albumin emulsion. It is fDund

that t h e cat fish esterase

-T(,"""
I .r

no ab s o Lu t e
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Specificity of substrates on cholesterol esterase activity
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specificity. the rate of enzyme c"o.cti\'itj

various SI.l !.':IS t ra t r:;: S in of lino 1 ;~11::'~·(~

Li n o Le a t e ~l-=\ 1 IT! it '::". t e

bu t y rat e (T,,,b1eIO).

The d. e ~:end~: on

the of the 5ubstrate used and Dn t, h I':~

surface area available rather than the weight or the molarity

of the 1 i pi d.•

t h a t

...i i 11

the smaller the particle size of the

be the velQcity of es~erification.

h j. ,:; h (..; r-

cc.,n····

c e n tr a t t o n and corresponding activities o bta i n e d

esteirific.3tioii given in Table 10. The h:rn vs l u e W1 t 1

respect to the enzyme found out from the Lineweaver-Burk plot

o b t;:;, i n e d was '1. '7 m IT!0 1 ~::'; ( F i ,] .1'5) •

Inhibition and actlvation

5. '10. '1 Effect of aldehydes
esterase activity.

.::;. od. k,·?tonf:''; on c h o l e s t e r oI

The effect of formaldehyde, acetaldehyde, acetone and

ethyl methyl ketQne on the activity of cholesterol e s t e r a s e

was' studied. The observations are given in Table

found to inhibit the activity.

f":i 11

Qf

inhibition was ethyl methyl ketone acetone acetaldehyde

formaldehyde.

the aldehydes.

The ketones were having more inhibition

This is against the theory CBier, 1962)

t hs n

the inhibition is proportional to the molecular volume. The

rne c h an i s m of inhibition is that the aldehydes

82

and ketones
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Effect of aldehydes/ketones on cholesterol esterase activity

..._--_.__._---

Pt1d e h yd E' ./ k et Cln e

Ethyl methyl ketone

{1cetone

F 0 r rual d e h yd e

Concentration
in rno l e s

(I. ·1

0.1

0.1

0.1

Deqree of activation
"/
.'.

45

-_._--_.__•._----------_.._---
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undergoes condensation reaction with the free amIno groups in

t h e protein resultlng in a change in t h;'!!

structure and thereby retard the rate ef actIvity.

5.10.2 Effect of ca~lons and anions on cholesterol esterase
o:tc:tivi ty •

.",,) C:.~ti'::on:,.

of metallic ions on the activity of

c h o Le st e r o I i n\i.::."" t i '..]::\t:'!d

r e s u l t s are given 1" Table 12.

+-t
Mn are InhIbitors

with slight difference in the rate of

This similal'" to the findings of

(Jan ,]U 1 y 1'7'62) r Hernandez and Chaikoff

in h i .b i t, i (J n '.",?-.:;
4-...,.. ~-t

HI.~ :> c«
+-t'

t: n
.,.....,..

Mn

Sn. hl'Jhe·"t beln,]
M

Hl~: and

The mercuvy compounds also inhibit the

c'•. c t iv i t y . Parachloromercurt benzoate (Fer,m) is

one such compound inhibiting the rate of r ea cti cn

(Ta.t..J.f::· 1::;;) • t t"
·1

level inhibited porcine pancreatic enzymes by 76%

and the inhibition was prevented by adding

(He r ns nd e z '':'.nd ChiO\ikoff, i·~n

inhi.bition of 35'-40~': wa s f 01..1nd w :i. t ~I rat

c h o l e s t e r o I esterase with '1 J.iM PCMB (Murthy and

Taurocholate (5 mM) protected the

inhibition

-1969) •

from pet-m C 0 ITI ~I 1 e t ': 1 y

Ers

(H yu n .F.! .~ ~J..



Ion

DFP

Influence of peNS 3nd
cholesterol esterase

C et n c e n t r .~. t i D"I"1

moles ·;~\cti\}:!. t.y



organophosphorous compounds t.hat

typical serine reagents hayo also been to

i n hi b i t, t. h €~ Di .i6Dprnpyl

flurophosphate (DFP) inhibited both the pancreatic

intestinal enzyme of th2 rat by

Ci·,.:-.n 'Ju 1. y 7 Diisapropyl-p-nitrophenyl

diethyl-p-nitrophenyl

t etr eet h y I p y r Cl ph 0 .:;:, ph .::;., t·:: ph e n y l !TI(~th:~... l

':,;U 1 f on y 1 flu.crid.l::': alr~o inhibitiDn In

rates (BrockerhoFf and ..Jen~'i"Jn7 '1974) "

It is observed that DFP is more i n h i h i t o ry

PCMB,from the relative activity ....... '.
·1~·.1 •

The inhibition of cholesterol esterase by anions

like Cl ,""rid d ': t e 1'- ITIi n e.j "

Inhibit-ory effect of these halogen ions we~e in

the order cd' F C: 1 1. It is o b s e r v e d

·f r 0:< ITI the Table 14 that the of iodi no

enabled to retain the activlty almost hundred per-

cent. it can be conflrmed the. t e n z yrn e

isolatea is not inhibited by iodine ions.

lmmobilisatlon of cholesterol esterase.

I rnrrl 0 b i 1 i S Cl t ion of enzyme is the latest development in

e n z yrne t e c hn o l o q y , The immobilised enzymes are more

potent that n a t i v e en Z yll"? • The of

i mmo b i Li s e d en z yrn e is thdt the

87
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Effect of halogen ions 6n cholesterol esterase activily

Ions Concentration Degr0~ of
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Cl
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<':\Irt-e~~.ted at any d e si r ed by ':: .I. III P 1 Y the

i mrno b i 1 i '';ed enzyme from the reaction mixture.

in the f i e l d of

to i n v i t ro memb r ane (!·<achaJ',:!.:i ot e l..

Z.;".boi-sky, 1972 and Gutacho, 1974). c, f

can be llsed to treat large arrlOllT)"t =.; u .b:; :.. j- a, t e

s o l ut ion without relTloving it f~om the support. T;·, ,.~.

does flot undergo self digestior~. -ft"le pH CaT') also b."
1." •

D P i.., 1 ;'i'1 1. ~~ Cl(1

Above all immQbillS~d enzymes '.J i \' (.?:

better stability, can be reused and they also 2cce!eated the

T'.... o

est e rase ,

me t h o ds

They.:':i.!re,

were .::<. p ~, 1 i e cl tD i rnrr.ob iI i ·":f!

·1. On,,,· dJ.::tiJ.leo:!.

G.1 M McIlvaine phosphate buffer,

2-.C t- Y 1·3.rf: i d :2 i n Tot h:L5 ·1 IT, 1 • "l() ':..~ a.Hi m Cl n 1 U.rr.

This was then allowed ta gel for 10 minutes. ThIS

taken out, minced in a mixer and lyophilised to •• ,.. ·1-
'.:.I!::: 1..,

the i fr;iT:o b ill S ;2 .~t

o
closed bottles and kept at 0 C for further studies.

2. Chitosan prepared ·from chitin a. byproduct of th r:~

crustacean shell was used to prepare another

immobilised cholesterol esterase. 1% chltosan solution

in 1% ace~ic acid was used far immobilisat.l.on.

89
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the enzyme could be immobilised by bo t.h the

'-'\hiJV (':! IT!(':!"tho,j,::,. i IMfl o to i. I. 1 ~:; ,.~ d i~ n~: .'/ITI e -:~

of the activity was retained in f i r ~:. t.

method and about 75% was retaInea by the second mothod.

Tt is found that che immobilIsed cholesterol

much of its activity (Table 15).

The above studies reveal that cat fish liver lS a

source of cholesterol esterase.
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CC)lTip'::.I'isol") of '·".cti··Jil;:i.;;;'·::; 0+ n -,".. tiV''if a n d
immobilised cholesterol esterase

Lmmo b i Li se d o n
1···Jatt..V':::

6()~'~

~::;t2l.b i 1 it Y
E'.t. ·..·20 C One mlJnth '1 -- 2 rn 0 nth s

l"'~{jtf~ : 1 g. chitosan dissolved in 100 mI. ·'i:l·'
, lit

acetic acid, 1 0."1 l"ngu es·te~ase

protein was added to the solution.
Neutralised with 0.1 N NaOH. The pre­
cipitated chitosan was washed free off
alkali and used for the studies.
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SUMMARY AND CONCLUSION



u. SUMMARY AND CONCLUSION

amount of the enzyme cholesterol esterase in the body

of which the liver has maximum concentration,

wet weiqht of liver protein.

method to purify the e n z yrr.e f re HI

•.:if~I·./elopi?d • And the purity obtaIned was 300 fold.

f",\ t •

bu f f' er, pl'1 7. 0 a.n d r i 1 t t1 r' (11.3.

c onta i n i n q

d i s so l v e d in (\ .,
_' rJ t

3. [i;·?5.3.1tin,]

The dissolved protein was desalted using Sephadex G-25.

4. DEAE cellulose ion exchange chromatography

The es.ter2't'~e soluti.on o btai r. e d

G--25 column chromatography was subjected I· .~

t· U

cellulose column chromatography under chloride

gradient elution using UV monitor and a fraction collector to

get a partially purified enzyme.



A portion s oLut i o n of

c h o l e s to r o I esterase from the DEAE cellulose

was subJectged to Sephadex G-IOO ealumn c~rQmatography. rh~

fr ac ti on

p r ot e i n •

gave only only one peak showing that It was a

This was furthe~ confirmed.

The cholesterol esterase of cat fi5h on S2phac~yl 8-200

c h r O!Tl3 t, o q r a ph y gave or'lly one pea~~ po] .ysc rvl ..3. rrI j. d ::-:~

gel electrophoresis it gave only one ba~a.

det e r mi nst io n h'J--' :::i.u ::::~

polyacrylamide gel electrophoresis gave an average value 0

86,()()O da l tonS.

The enzyme showed no light absorbance in the v i s. ib l e

ranq e , Maximum absorption o ·f:·

absQrba11Ce at 280 nITI to 260 11n1 ~as about .; ·1<::,'='...

lC1rnino acid analysis f'evealed that i~ contains m()i~e

serine along with a~ginine, l e u c in e , -' ~ .
I:: t. i ..

The enzyrrre c ont a i ns ~". '''.:1'
"::.~J r; cHnino

t-es i du j:? • The hydrophobic residue~ is about 40%.

Cholesterol esterase isolated from cat fish has got an

o p t i mum pH 6.2 for reaction and optimum temperature,
o

It was also stable in the pH range of 5.5 to 7.4 and t ern pe--

e
rature range of 0-45 C.



Studi'i::'s with 5ubstrates showed that the enZ)ffi0 10 not

SD s pec iE i c towards any 5ubstrates. Ho'veVE'I" it ':::\

differential rate of activity wIth different 5ubstratos. The

m,::.'<. >~ i lTlU.1T1 of'

follDwed by c h o le s t e r o l Li n o Le et> ,

p.3.1 rn ita. t e r

laurate and cholesterol butyrate.

f'~ nu ITI b.? .- Qf rflet,:~.11 i c a nd .1. G T! :_~.

.i n h i b i t o r s of c h o l e s t e r o l Th(·::

.:::'\ 1,::1;:? h yd e s k oto n es. rnet h yI

ketene ace ta Ld e h yd e

i rvr. i b iti o n

+".
Cu :>

It 1 .,,-.

T+
1'1g

Cl

D.l. s o

-.I

fou rrd

_.. +-+
v.,: .....
'_. It i::;nc~. i n h ib i tLo n

DFF'

i.nh, i b : i t o rs of cholesterol esterase. t h is

found to be total inhibItors.

C h 0 1 i": S t e tOO c· 1 esterase was immobilised using POlO/D.CI·'Y],

amide gel and by chitosan. This immobilised enzyme r ete i n e d

of a c ta v t ty of the original enzyme. 1· ~.-- ....

observed that the immobilised enzyme is more stable than the

nature
o

enzyme and also can be stored at -20 C for 3 months

without significant loss in its activity.
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FLOW SHEET OF PURIFICATION OF CHOLESTEROL ESTERASE
FROM CAT FISH LIVER

o
(All operations done at 0 -4 Cl

Minced

1
Extract with 10 vciumes of
bu f of;::; r

Centrifu.']E' ~> Re~:·idue d icc a r d o d

Add ammonium sulphate75 ~ satuta Ion kept QV9rnight.

~
Fesid.ui~

d is•. ly::ed

.1 ..esteF2S.2 SOlU~lon

]

Fi 1 tt-'::lT.e
d i s c a rd i~I.:i

Fi lt e r a t e ------..:>0;,) Re~;idue d i s ca r d e d

1
Centrifuge Add ammonium sulphate kept overnight

1---

Sephadex G-25 chromatography

1---47 Dei 0 n i c.: e d 1 i r' "-~ s e S 0 1uti 0 n

DEAE cellulose chromatography

t----"7'~ F'art i .,\1 1 Y Pu r i f i Eo d 1"::' S t €: r El s €' .; 0 J. uti Cl1"1

Sephadex G-100 chromatography

r----~.... Pu r E' c h Cl 1 es t co r 0 I est e r- ,0'.S (~
7
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CONCLUSION

attempt was made to find Gut whether

resource like fish can be utilised for the extraction of the

e11zyme cholesterol esterase. The method developed would be

tlseful for large scale preparation of th2 enzyme

got wide in the pharmaceuticals and bio--'

The immobilisation method USing chitosan is also useful

for preparing a stable and active enzylne tl")an the

enz yme.

Isolation and purification of cholesterol esterase was

a difficult task. on

various reasons~ In this study a method is perfec~ed

isolate the enzyme from a cheaper resource and the same was

stabilised by immobilising with chitosan, a byproduct fram

the crustacean shell. The properties of pure native and

immobilised cholesterol esterase were also studied.
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