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e . o Abstract
l‘)ipeptidsrl; aminopeptidase I (cathepsih C E C3 14.3.1) was isolated from the -

hepat.opancreas of the: Atlantic short finned sqmd (Hlez :Ilecebrosua) and part)ally

purified by the successive steps of autolysns of an acid extract, ammonium sulfate .

preclpntatlon, hest treatment, ultrafiltration and affinity chromatography using p-

" CMB-Sepharose tolumn. On SDS-polyacrylamide gel electrophoresis, the enzyme

gave one major and ox}e minor band c()rres'ponding to a molecular weight of about

25 and 62 kdaltons, respectwely The 1dentlflcat|on of ca.thepsm Ci is based Q (1)

1ts ability to catslyze a transferase reaction with Gly- Phe~NH and a"hydrolase °
reactlon w1th Gly-Phe-NA or Ser-Tyr-NA at pH optlma of 7 and 6, respectwely,
(2) the CI” ion and sulfhydryr actlvatlon of. the enzyme {3) its. inhibRion by known '. N

lnhlbltors of cathepsin C; and (4) the apparent ex1stence of a 25 kdaltons subumt

whlch forms assoclated cornplekes of ’50, 100 and 200 kdaltons.  The dnssocnatlonf

and reassociation of cathepsm C in - relatlon to its catalytnc functions as a.

transferase and a hydrolase were studied by examlnlng the. ultrafiltration behavior
of the enzyme followmg heat treatment or' exposure: to detergent or urea.

—
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' namely cathepsin A, B, and

Chapter 1
INTRODUCTION

1.1. Historical background

It has long been known that aqueous extracts of various animal tissues

exhibit proteinasé activity, and therefore, the term ‘ca epsm (to digest) was .

introduced. to define this activity [Wlllstatter and Bamaun, 1929). The

multiplicity of proteolytic activities assoclated with cathepsin was recognized

la.rgely because of their dlffenng aotxon on synthetlc peptlde substrates In 1941 8~

cathepsm classification.’ was formulated and it was later revised in 1952 (Tallen et

: al 1952) By the use of the synthetlc substrates CBZ-Gl¢-Tyr, BZ—Arg-NH and

' Gly-Phe-NH evidence was obtamed for the exlstence of three separate en,zymes

.‘The speclﬁcltles of these enzymes appeared to be

" similar to those of pepsin, trypsin, and chymotrypsm, respectively (Tallen et al,,

1952). Since 1052, ten additional cathepsins have been classified (Goll\t al.,

| 1983).

1.2. O¢ceurrence

The iut'r‘acellular exopeptidase, cathepsin C (E.C.3.4.14.1), was first

recognized to’ exist in porcine kidney tissue extract, on the basis of’ its‘hydr'olytic'*'

action on the chymotrypsln substrate Gly-lrhe-NH (Gutmann and Fruton, 1948).

Because of its apparent lack of activity on protein substrate, and its actionion

synthetlc substrate: such as’ Gly-Phe-NH, as a transfzrase, the name dipeptidyl

transferase was proposed (Metrione et al., 1968). Based on its ability 1o bydrolyze

peptides, the glsthepsin C was renamed as di'pep‘tid.'yl aminopeplidase ! (McDouald )



2

et al., 1971), the name which ';vas later accepted by the International Enzyme
Commission. The lysosomal localization of cathepsin C was demonstrated in rat
liver (Bouma and Gfuber, 1986) and bovine pituitary (McDonald et al., 1966a).
The enzyme has been found in 'tissu‘es from cow, rat, chicken and human
(McDonald et al., 1074). A survey of tissues showed live;' to be the richest source
of cathepsin C in the rat (McDonald et al., 1971; Bouma and Gruber, 1966). In
human tissues, cathepsin C was about five times more abyndant in spleen than in
liver (Vanha-Perttula and Kalliomaki, 1073). Wang and4&rieden (1973) reported
that activity of cathepsin C in the tail tissues of the tadpole increased at least 100
fold during tail resorption. Tlie existence of cathepsin C was reported in carp
(Cyprinus .carpi'o) .muscle (lkeda and Makinodan, 1971), Pacific whiting
(Merluccius productis), true cod (Gadys macrocephalus) (Anglemier et al., 1983)
s1id chicken (lodice et al., 1072). - | ' -

F

4 N N

1.3. Purification

-

——

Although cathepsin C was originally detecfed ih extracts of porcine kidney,

bovine spleen became the popular source of enzyme for studies of purification and -
chafacter'i.zation (Tallen et ‘al., 1952; Dg la Haba et al., 1959; Planta and Gruber,
/196'4; Metrione et al., 1966, 1970, Metrione aﬂd.MacGeorge 1975; Metrione, 1978;
‘McDonald et al., 1972a). : - '

The preparation of bovine cathepsin Cfis described by Metrione et al.
(1966). The puriﬁcatibn method involves successive‘steps of acid extraction (or
autolysis) at pH 3.5 and 37°C, ammt')niun'l sulphate precipitatioxi~ between 40%.

. and 70% saturation, heat treatment at 65°C for 40 min, and column
chromatography on Sephadex G-200, DEAE-cellulose, and 'CM-cellulose. The
resulting prepara&on of cathepsin C appears to be homogeneous as jufiged by
ultracentrifugatioim a;ialysis. When cathepsin C was prepared for the purpose of
“sefjuencing peptides, the last two purification steps were.omitted '(Caliahan. et al.,
1972). “These preparations were later shown to be contaminated -with peptide
hydrolases that were termed Sei--Met-dipeptidase and catheptic carboxypeptidase
/o T = |

t



C (McDonald et al., 1972b). The peak of activity recovered following gel filtration

on Sephadex G-200 was treated with EDTA and DFP to inhibit the |

contaminating peptide hydrolases (McDonald et al, 1972a). To remove the small
amount of contaminating protein, Metrione (1978) used affinity adsorbant

material in. combination with gel filtration ’}nd ion exchange chromatography.

1.4. Assay methods for cathepsin (o2

Hydrolytic and transferase reractions with specific substrates have been
uiilized to distinguish cathepsin C from other —e;Enﬂles. With Gly-Phe-'NH2 as
substrate at pH 6.0, a deamidation re;ctjon occurs anq the liberated ammonia can
be measured by a diffusion method. (Seligson and Seligson, 1951). At pH 68, a
transferase reaction occurs in which the substrate Gly-Phe- is transferred to
hydroxylamine, and the resulting GIy-Phe-h}droxamrc acid can be measured
‘ .spectrophotometrlcally (Jones et al., 1952). The esterolytic actmty of cathepsm

C has been measured on Gly-Phe-OMe substrate by automatic titration at pH 5,0

' .(Tesser et al., 1064). At pH 8.0 arylamidase activity of cathepsm C with Gly-Phe--
pNA has been measured spectrophotometrically (Planta and Gruber, 1983) and

with Gly-Phe-NA spectrofiuorometrically (McDonald et al., 1966a).
1.5. Physical properties

1.5.1. Size

— : . . \

" The molecular weight of bovine spleen cathepsin C has been determined by -

sedimentation equilibrium and it was found to be 235,000 (De la Haba et-al.,
1959), and 210,000 (Planta and Gruber, 1964; Metrrone et al 1966) On the basrs
of sedimentation analysis and molecular ‘exclusion ,chromatography Metrione et
‘ a].(lﬁ?o) subsequently reported that bovine spleen cathepsin C has a molecular
weight of 197,000.

ﬂCathepsin C isqlatg’fr'om‘rat liver has a molecular weight of 200,000 as
estimated by -exclusion chromatographj on Sephadex G-200MD@9\Id et al.,
1960a). : ~ - '

—
-y
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1.5.2. Isoelectric point

On the basis of electrophoretic mobilities on analytical polyacrylamide gel at

‘three different pH values, it has been reported that rat liver enzyme has an

isoelectricpoint of about 5.0 as compared to about 6.0 for bovine spieen cathepsir
C (McDonald et al., 1969a). R

1.56.3. Subunit nature

The subunit nature of bovine $pleen cathépsin C was recognized when it was
shown that the sedimentation behavior of the enzyme ‘]iﬂered in the presence of
ImM p-mercuribenzoate or 1%, SDS (Metnone et al., -1966). “ On the basis of

ammo termmal amino acid analysis, Metnone et al. (1970) obtamed evidence for .-

the presence of eight subumts, possibly of two different types, w'hen cathepsin C is

"in 6M guamdlmum chlorlde, 8M urea or at pH values below 3.

. The subunit nature of the r::zt liver en'zyﬁe ﬁuié shown by eiectrophoresis in.
polyacrylz;inide gels containing 1% SDS (McDonald et al., '19693).;' Rat™ liver
cathepsin C is apparently c_ompbsed‘of 2 type_s‘ of subun_its, one of which is- three
times larger than the other as judged 'by migtation in polyacrylamide gels
containing SDS. The‘possibility that the larger material represented undissociated |
or .partially dissociated enzyme was apparently not ruled ‘out (McDonald et al.,
1060a). o . :

Evidence for-the al]ostéric nature of bovine spleen ‘qathepsixi C bas been
reported by Gorter and Gruber (1970) wherein cooperativit:y was observed at non-
saturating concentrations of halide actlvators when hydrolase actmty was
determined w1th Gly-Phe—pNA '



"1.8.2. Sixbstrate specificity

. A 5 w{\

1.6. Catalytic properties
1.8.1. pH optimum o ) \ p ..
H)"dro[ysis of dipeptid}'l derivatives at the susceptible amide or ester
Jinkages predominates when the pH of the enzymatic reaction is between pH-5-6,
At pH values between 6.5 and '8, replacement of. amide or est_e\r moiety by an
acceptor nucleophilic compound (hydroxylamine ot ffee amino acids oF excess
"dipeptides) prevails and a polymerizations (transferase) reaction gccurs (Jones et
al., 1952; Fruton et al, 1953). The transferase assay of cathepsin C is usually

performed ‘at pH 6.8, where the reaction rate is optimal.

. -
\ o . L=

., i

Cathepsm C catalyze« Qhe transl‘er of a dlpeptldyl group *o[ a smtablo
substrate to nucleophilic amlnes such as hyroxylamlne, free amino aCIds, or excess
dlpeptlde amide substrate to form polymers In the absence of other acceptors

water serves as an acceptor causmg hydrolysis (Wurz et al 1062; Nilsson and _
Fruton, 1964).

———

Early. studies on the specificity of bovine spleen cathepsm C led to the belief

that the enzyme was narrowly restricted in both- its hydrolytic and transferase .

b ]

‘activity. That is, suitable substrates _are amlde and ester derivatives of a-amino

acid dipptides, provided that the N-permlnal Tesidue possesses an unsubstituted
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serum album:n, egg albumin, ribonuclease ard insulin (Metnone et al.,, 1966).
However, rat liver —cathepsin C, purified to homogeneity was shogp to catalyze
the. hydrolysrs of ‘several polypeptide hormones. "These include glucagon and
secretin (McDonald et al., 1869b), the B chain "and the des-Phe B chain of
oxidized bovine insulin (Callahan et al., 1969),'_the A chain of oxidized bovine
insulin (M¢Ddnald et sal., 1972a), angiotensin Il amide (McDonald et al., 1972b),

and analognes of human angiotensln 1| (McDonald et al.; 1974)‘.

In accordance with earlier studles of bovnne spleen eathepsm C, the rat liver
enzyme also showed no activity on peptides having a £enultxmate residue with the
o D-cpnﬁguratlon (McDonald et al.,, 1974). However, the conhgurat:on of the N- .
termlnal residne doe; not.appear to be important as shown by the hydrolysrs of

-Ala-Tyr-OMe by bovine spleen (Izumlya and Fruton, 1956), and hydrolysrs of
D-Ser-Ly&ﬁcortlcotropmamlde (McDonald et al., l%ﬁb], and aD-Asp-angrotensm |
I by Tat liver enzyme (McDonald et al., 1974). Consistent' with ‘earlier- stu.dlesy
conducted }yith"boyine spleen cathepsin C;. the requirement of a free amlno
terminal has been shown for rat liver enzyme. For example, no enzyme activity

was detected on N-acetyl olocked peptides (McDonald et al., 1969b).

. "I’:ﬁe specificity of rat liver cathepsln C was studied on a wide variety of
' naphthylamrde dlpeptlde derivatives. ‘Dipeptides with penult;imate blasic residues
were especially susceptrble to attack by the enzyme, and most notably that Gly-
Arg-NA was hydrolyzed ‘about 18 times faster than Gly-Phe-NA. Furthermore‘
naphthylamide- derivatives of Ser-Met, Glu-His, and Phe-Arg were also hydrolyzed
faster than Gly-Phe-NA (McDonald et al, 1969a) A companslon of rates of
hydrolysis of dipeptide esters by rat liver cathepsin C showed that Gly-Lys-OMe
was hydrolyzed several times faster than Gly-_P_he-OMe (Mqunald et al., 1969_a).

There are l'ew reports avallable on the specificity ol the polymerase or
transl‘erase activity ol‘ the enzyme. "The polymerase activity of cathepsm C has
been demonstrated with hydrophobrc dipeptide amides such as Ala-Phe-NH, and
Gly-Trp-NH (ersson and Fruton, 1964). However; the polymerase actlon of the
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enzyme was found to be rapid on a hydrophilic substrate such as Gly-Arg-NA
(McDonald et al., 1969a). ' |

The K values for hydrolysis of a series of dipeptidyl substrates Qero
determined with partially pure bovine cathepsin C (Fruton and Mycek, 1956).
The hydrolysis of substrates by phrﬂf—é rat liv_er cathepsin indicates derivatives of
dipeptides have K values ranging from 0.1 to 0.2mM; whereas the \';Llues for
_ esters and amides of the same dipeptides are 10 and 100 times higher, respectively
‘ (McDonald et al. —19693) For bovine cathepsin C comparable va]ues of l\ to the
rat liver enzyme have been reported (Fruton and Mycek 1056; Voymck and
Fruton, 1968)

1.6.3. Actlvation ”
. “ i*
Vv
. The actlvatlon of bovme spleen cathepsm C by cystelne "Was recogmzcd.

1

durmg early studnes of this enzyme (Gutmann and F ruton, 1948 Tallen et al,,

.1952) There is also a marked “stimulation of hydrolytic actmty by other’

sulfhydryl compounds, for example, 2-mercaptoethylamine, ME, thloglycohc acid, -

and glutathione (Fruton and Mycek, 1856).

.-
=2

In addition to a sulfhydryl requirement, cathepsin C has an absolute halide
-requirement. This requirement was not detected for many years because CI' and
Br" ions were carried into the usual assay mixture by cither substrate (e.g.,
Gly-Phe-NH,.HCI) or by the sulfhydryl activator (e.g.,‘c}"steine_HCl). The halide
requirement was first reported for cathepsin C obtained from bovine pituitary.
(McDonald et al., 1966a)- which was then believed to- be a hewly discovered
*dipeptidyl arylamidase® (an enzym‘e’which catalyzes the hydroly’s:is br arylamide
bond). The pituitary enzyme exhibits maximal activation by 5mM NaCl or HBr
(MéDonala et al., ;%Sa). Moreever, about 60% of the activation observed with
- Cr was achieved with I', F~ and also with NO,". Subsequently, an gbsolu‘tc halide

requirement was noted for the hydrolytic reaction catalyzed by cathepsin C from .

bovine spleen and from rat liver. (McDonald et al., 1966b, 19684). Kakiuchi_ and

—_—— ———



Tomiza\s;.a (1964) isolated a halide dependent glucagon degradin@ enzyie from rat
liver. An r:a..bsolute halide rec;uitement' was also demonstrated for Ala-Ala-NA
activity from porcine kidney (Hopsu-Havu and Rintola, 1968). McDonald (1969a)
concluded that all of the above halide dependent activities are probably
attributable to a common enzyme, that is cathepsin C. -

L ?

1.8.4. Inhibition

[

Catalysis of hydrolytic reactions by bovine cathepsin C w.

The 'lack of inhibition with DFP "was also observed with. purified -rat_ liver

N -cathepsm C (McDonald et al., 1969a). Mycek (1970) reported that punhed bovme

spleen cathepsm C was unaffected by p-CMB; on the other hand, the _porcine
kidney enzyme -was mhlbtted by the-same reagent under sxmllar concentratlon
.(Vanha—Perttula et al., 1965). The lack of mh)bltlon of the hydrolytic reactlon
_“With bovnne spleen enzyme is unexpected in view of the complete mhlbmon of
‘hydrolytlc activity observed for bovine pituitary, and rat liver enzyme with

0.01mM 4-chlordmercuriphenylsulphonate (McDonald et al,, l\gsda, 1972b).

Id

Several phenylalanine derivatives, in’ partlenlar (L)phenylalamnamlde were

inhibited by
ImM iodoacetate or ' 50mM formaldehyde, and was unaffected- by 1mM
, di'gsopropylphosphe‘ﬂuoridate or by 2,3—di‘n_it,rophenol. "(Fruton and Mycek, 1956).-

oo -

.reported . to be competitive mhxbltors of the hydrolytic reactlon cata]yze\d by

bovine spleen cathepsin C (Fruton and Mycel’;, 1956). Metrione and MacGeorge
(1975) have conducted a more detailed investigation into the mechanism of
inhibition of bovine spleen cathepsin C by amino acids and peptlde amldes Of
. the compounds studled derivatives of hydrophoblc amino acids-were found to be

.the strongest inbibitors, while basic amino acids and short chain amino acids were

somewhat less effective. Moreover, primary amines, for example butylamine, have

also been shown to inhibit the hydrolytic activity of the enzyme. ~Bovine spleen

—

“cathepsin C was inhibited by papain inhibitor from chieken _egg white, and this .’

was the first naturally occuring inhibitor for.athepsm C (Keilova and Tomasek,
1975) Recently this inhibitor has been charactenzed and it was found to be a
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polypep‘ti‘de which was named cystatin (Barrett, 1981). A specific inhibitor of
cathepsin C (Gly-Phe-diazomethylketone) has been reported by Green and Shaw
(1981). Partially purified (lysosomal fraction) cathepsin C from rat liver has been

reported to be inhibited by zinc (Misaka and Tappel, 1971).
. ‘

~—

_—
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1.7. Purpose of study

Previous studies have demonstrated the presence of cathepsin B in the ¢

hepatopancreas of other species of squid (Inaba et al., 1976) and cathepsins E and

D in the muscle of lllez illecebrosus and Loligo pealei Leseur (Leblanc and Gill,

1982). "ﬁowever, there- have been no reports of cathepsin C in squid or other

invertebrate organisms. Preliminary studies in our laboratory have indicated the

presence of an enzyme in the muscle and hepatopancreas of the Atlantic short-
‘ [ 4

fihned squid capable of catalyzing the transferase reaction with Gly-Phe-NH,. On

-the basis of pH optima, activity against Gly—Phe-NH and chloride aétiva.tion —lt/—x ‘

' Was suggested “that the ‘active component was cathepsin C and: a crude

preparation. of the enzyme from squid hepatopancreas was shown to promote. taste

'development in bnned squid (Lee et al,, 1982) o i

-

The rélationéhip beiweeen the subuhit structﬁré and the ;aialysis of
polymerase and hydrolase reactlons by cathepsm C is not clear at the present ‘
time. Urea (2M) was shown to dissociate subuits ‘and mmultaneousl,y inhibit the
polymerase reaction of bovine spleen cathepsin C and this observation led to the
suggestion that the action of the enzyme as a catalyst of .polymg;ization”?n/d-
hycirolytic reactions may be related.to specific association and' diésgciation of
subunits (Heinrich and Fruton, 1088).

It was hypothesized that the hydrolytic and ‘polymeras'e reactions noted -
previously for an amfnonium sulfate fraction from the hepatopancreas of squid
were: catalyzed by cathpesin C (dipeptidyl aminopeptidase I, E.C.3.4.14.1), an.d
that-association of subunits ié required for polynierase reaction i_m& the dissociated

form of the enzyme catalyzes the hydrolytic reaction. -

- However, there is no definitive information regarding association and
dissociation of this enzyme in relation to its catalytic properties as a polyfnerase
and as a hydrolase. In view of the finding that a crude preparation of cathepsin

C Irom squid potentiated the development of a delicious taste in brined squid, it

¥

| 4
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was of interest to characterize this enzyme further and to determine which factors

control the hydrolytic and transferase reactions.

g
el ™,
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_ otherwise mentioned, all steps of punﬁcat:on were performed at 4°C.

2.2.aChemicals b — - R -
J

12 " , -

\ " Chapter 2~
MATERIALS AND METHODS

2.1 Biological material\' . o

Fresh squld (Illez tllecebrosus) used m ‘this study were purchased from .a

‘local supplier.  The hepatopancreas was - removed, »vacuum packed and

. 1mmedmte|y frozen in liquid mtrogen and stored ab 270°C untll use Unless

.‘
:/L.\\ . ¢ ’ ,
The following chemicals used were* purchased from .Sigma Chemical

‘ Company, St.Louis, Mo.: Acrylamide, A.mmonium sulfate, Ammonium persulfate, '
I‘BANA. Coomassie brilliant blue (R-250), Copper sulfatc pentahydrate, Ferric

. chloride, Gly-PheNH,, Gly-Phe-NA, Glutary-Ple-pNA, Hydroxylamine
'hydrochloride, ME, 2-Mercaptoethylamine, Phenylalanine hydroxamic acid Ser-

Tyr-NA, TEMED Sodium phosphate monobaslc, Sodxum phg%phate dibasie,

" Sodium EDTA, Tnchlomacetxc acid, Tns-(hydroxymethyl)-ammo methadie, Urea

The chemicals listed -below were purchased from J.T.Baker Chemical

‘Company, Ltd., : Acetic acid {glacial), Hydrochloric acid, Sulfurié acid.

L]
?

p-CMB-Sepharose was purchased {rom* Eierce . Chemical «Company,

bt )

Rockfoﬁ; I X . o

Bio-Rad reagent for protein determination, protein standards for SDS-
_polyacrylamide gel electrophoresls and DEAE-bnogel were purchascd from'BloRad

Laboratones Lmnted Canada ‘ ; ' s

"

‘. l -
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2.3. Methods used in this study . B

2.3.1. Buffer preparation ' ' . .

~n

All buffers used for the purification and assays of the enzyme were prepared

as described by Gomori (1955).

2.3.2. Extl_-aétgon

About 500 g frozen hepatopancre,

—homogenized in a"W’armg blender at ll speed for 2 min .with 2 parts(w/v) of

1 78mM disodium EDTA. Theé homokenate was further dlspersed by a Polytron
tlssue homogemzer at high speed for 60 sec. The pH of the- homogenate was
adjusted to 3.5 with 6N sulfuric acid and. it was mcubated at 38°C for, 18 hito, .
allow autolysns The autolysate was centrifuged at 410,000 X g for l h. The lipid -

layer- which separated ‘as a result of centrifugation was removed' by suction and . -

the remaining turbid supernatant w_as collected and filtered through two layers of -

cheese cloth. The clear brown filtrate thus obtained wad called *acid_extract®,-

K3
a

2.3.3. Ammonium sulfate fra‘ctionation ;o

The acid ¥
40% saturaiion{‘
2h before the

The supernatant obtamed was adjusted to-70% saturation wnth solid ammonium

tract ‘was ad)usted to pH 5.0 'with 6N NaOH and brought to

yith ammonium sulfate at 4°C The mixture was held a{ 4°C for

_l)eclpltate was pelleted ‘by centrlfugauon at 10‘7)00 X g for' 1 h.

sulfate. The suspension was allowed to stand overnight and the resultmg
_precipitate was collected after centnfugatxon ‘at 10,000 X g for 1 h. The
precipitate was suspended in 50ml, of 154mM I}laCl solution %nd extenswely

dialyzed against approximately ,0L of the same solution.” ‘The ‘dialyzed solution.

‘ . was adjusted to pH 5.0. and centrifuged at 20,000 ‘X g for'15 min. The.clear

solution obtajned was collected and relerted to as the *40-70% AS fraction®.

a°

]

4
° L

4
{

er- M
was thawed’ oyernlght, at\\_C..md'\'-/
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2.3.4. Heat tréatment - . —

/

N The protein cohc’izutra’tion, of the '40-70% AS fraction® was adjusted to
- 1.5mg/ml with lS{mM NaCl.and the pH of the solution was adjusted to 5. The.
*40-70% AS [raction® was divided into 12 m! portions in conical glass éentrifuge
tubes, and heated to '65°C. After 40 min at 65°C the enzyme preparatlon was
. . chilled i in ap ice bath, and the precipitated protem was pelleted by centrifugation.

| . The supernatants were collected and dialyzed against 6L of 154mM NaCl
coqtammg 4mM ME The dialyzed ‘'solution was referred to as the 'hea.ted
fractlon'

\ < | | | -

«2.3.5. Ultraﬂltrstlon .,.) 3
The 'h'eated fraction® was coufentrated approximately 10 fold by means of '
ultraflltratlon under mtrogen at 40 psr with a 65ml Diaflo ultrafiltration assembly
Hl'itted with a UMlO Dlaflo membrane ‘This membrane excludes most components
',havmg molecular Werghts- in excess- of 10 kdaltons The concentra'te (5ml) was
’ :-dlalyzed agarnst BL ‘of 154mM NaCl contalnmg 4mM ME. The dra]yzed solution
was referred to as-the "heated fractron concentrate', and was stored at 0°C prior

'to assa§ or’ al‘hmty chromatography

2 3.8 Alﬂnlty chromatogtaphy . ' ' |

;o
. A le portnon of the 'heated fraction concentrate' was dlalyzed against 6L
\ ‘ of 50mM sodium_ phosphate. bqu:._ pH 7.0 and’ apphed to a p-CMB-Sepharose
. .column (0. 5X8cm) whrch was pre-egurhhrated with' the sarr:e buffer.. AIter sample
application, the- column was wa.shed with. phosphate bul'fer until protein was no
longer eluted Some of the- bound protem Was. then eluted from the column with
50mM sodium acetate buffer, pH 4 5 A fractron contamrng cathepsm C was then
eluted wrth 50mM sodium phosphate buffer containing 20mM ME pH 8.8. The
eluted fractlons were concentrated approxrmately 5 fold by ultrafiltration. using a
'UMI10.membrane and dlalyzed against 8L of 154mM NaCl contammg 4mM ME

d

andﬂeferred to as the’ "afnmty chromatography fractlon'
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é.3.7,,l5EAE-BiUgel column chromatography

A 3ml portion of the "heated fraction concentrate® was dialyzed against 6L
of 100mM fs;odium phosphate containing 4mM ME:pH 7.0. The dialyzed
concentrate \which contained 3lmg of protein, was applied t6 a DEAE-Biogel
column (1.5X30cm) pre-equilibvrated "with 100mM sodium f)hosphate buffer

containing 4mM ME, pH 7.0. The protein was eluted with a linear 0-500mM

NaCl gradient in the same buffer. - Fra¥ons of 7.0ml were collected with a flow
rate of 30ml/h. The fractions rich in trariferase activity were pooled, and
concentrated approximately 4 fold By uitrafiltration using a UM10 membrane.

. The concentrated solution was referre'd to as the *DEAE fraction®.

’.

2.3.8. Ge’l. permeatlon chroma.togra.'phy.

.

A “4ml portion of the *heated fractlon COncentrate‘ was dialyzed against *

IIOOmM sodium’ acétate buffer, pH 4.5 and 3ml were applled to"a Sephacryl S-300
(0. B4X72cm) column pre-ethbrated with '100mM° sodmm ‘acetate  buffer
_ ,contammg l54mM NaCl and 4mM ME pH 4. 5 _Elution was performed with the

same’ buffer and fractions (2.4ml) were collected at a flow rate of 24ml/h. The
column, was prevrously cal:brated with Blue dextran catalase ovalbumin and

ribonutclease.

v
1y »

The fraction collected corresponding to the e!utiori volumie of protein of 50
kdaltons from the above run was ‘rethromatographed under the conditions as

described above without -an;' further'treatment.

\" e

2. 3.0. SDS-polyacrylamide gel electrnphoresls .

The 'afflmty chromatography l‘ractlon was eleﬂrophoresed in the presence
of SDS and ME using the. method of Laemmh (1970)

LI
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- 2.4. Determination of enzyme activity

Cathepsin C was assayed speétrophotometrically using Gly-Phe—NIrl2 and
Gly-Phe-NA as substrates (Vanha-Perttula et al., 1965; Metrione et. al., 1966).

LA 4

o

2.4.1. Transferase activity

The transferase activity of cathepsin C was determined with Gly-Phe—NH2
as described by Metrione et al.(1986). The assay medium was prepared by
combining 0.1ml of 1.9Mhyroxylamine (prepared fresh from 4.0Mhydroxylamine
hydrochloridé* by adjusting to pH 7.0 with-4.04NaOH), 0.1ml of 0.125M 2-
mercaptoethylamine hydrochloride (prepared fresh and adjustéd to pH 7.0 with
0.IN_NaOH}, 0.1ml of 0.25M Gly-Phe-NH, (adj-ugted to pH 7.0 with 0.IN NaOH),
and 0.1ml water. Th}; mixture was maintained at 30°C for 3.-min, and the
‘reaction was initiated by adding 0.1ml of enzyme- preparapion”(suitabljg diluteld‘,, .
with deionized water). The reaction tubes were inéubated é.t 30°C for 15.min an 1
the reaction was st.opped by the addition of 0 5ml 20% TCA followed by 0.5ml oﬂ f
.5% ferrie chloride in 0.IN HCl. ‘The zero time value was obtamed by adding the ‘“\ ‘
TCA prior to the enzyme solution. The volume was adjusted to 2.0ml with
. dlstllled water and the absorbance at 510nm against a water blank was read in a
Beckman DU-8 spectrop‘ﬁotometer within 10 min after the reactxon was stopped :

" A standard curve was prepared with phenylalanine hydroxamate and the amount

" of dipeptide hydroxamate formed was calculated from the standard curve.

Qne unit ®f enzyme activity is defined as the amount of the enzyme that
catalyzes the formation of 1 nanomole of dipeptide hydroxamate per min under

the condltlons of assay.
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2.4.2. Hydrolase activity

The hydrolase activity of cathepsin C was determined with Gly-Phe-NA
(Vanha-Perttula et al.,1965). In a 3.0ml quartz cuvette, 1.88ml of 0.1M sodium
phosphate buffer, pH 6.0, containing 20mM 2-mercaptoethylamine.HC], 0.1ml of

_ suitably diluted enzyme preparation were placed and the cuvette was equilbrated
at 30°C for 5 min in the cell compartment. Tlie reaction was initiated by
addition of 0.02ml (0.8umole) of substrate. The rate of hydrolysis of substrate

was determined by.me‘s.suring the rate of change of absorbance at 340nm. The

amount of 2-naphthylamine formed was {calculated from its molar extinction

coefficient (Lee et al., 1971).

"

One hydr(;lase unit of enzyme activity is defined as the amount of enzyme
that catalyzes the formation of 1 nanomole of 2-naphthylamine per min under the

- conditions of assay.

2.4.3. Protein determination o
~ ' ' !

x\\

\. Protein concentration was estimated from the absorbance at 280nm of
fractions obtained by column chromatography. The protein content of fractions
obtained after each purification step was determined using Bio-Rad reagent and

bovine serum albumin as a standard (Bradford, 1976).

——

2.5. The pH study -

2.5.1. Effeot 6f pH on t;anaier;e\a}tlvliy;\ -

" The influence .of pH onr the transferase dctivity was determined using a
modified form of the procedure by Jones et al. (1052).. The *affinity
chroﬁatography fraction® was assayed for transferase activity over the pH range
5.5-7.5 and for this study 150mM c"itrate-phosbhate buffer was used to buffer the

' pH The reaction mixture contained 150mM citrate phosph;ate buffer, 50mM
Gly-Phe-NH,, 400mM hydro;csrlamine, and égm 2-mercaptoethylamine. HCI ig a

! -
LEY
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final volume of 1.0ml. Each as;say'was performed in quadruplicate at 30°C with .
104g enzyme protein ‘and stopped after 0, 5, 10 and 15 min, respeciively, by the
addition of 1.0ml of 20% trichloroacetic acid followed by 1.0ml of 5% ferric
chloride in 0.1N HCl. The volume was than adjusted to 4.0ml with distilled water
and the absorbance at 510nm was read within 10 min after the reaction was
stopped. The amount of dipeptide hydroxamate formed 'was calculated from the

standard curve prepared with phenylalanine hydroxamate.

2.5.2. Effect of pH on hydrolase activity

The *affinity chromatography fraction® was assayed for Gly-Phe-NA or
Ser-’l‘yr-NA hydrolysis over the pH range 3-7. The reaction mixture contained
150mM lcitrate—'pht')’sphate bul'fer, 20mM 2-mercaptoethylamine. HCl and 400mM
dlpeptlde NA substrate m a total volume of 2. 0ml Each assay was performed in |
triplicate with Sug enZyme protéin. The reaction tubes were incubated at 30°C
' for 10 min and the reaction was stopped by the addition of 2.0m! of 0. 23N HCI i in
ethanol followed by 2.0ml of 0.06% p-dlmetbylammoclnnz!maldehyde in ethanol.
The absorbance "at 540nm was read in a Beckman DU-§ spectrophotometer
{Matsutani et al., 1867). A standard curve was obtained using 2-naphthylamine,
and -the amount of 2-naphthylamine l;ormed during l:eaction was calctlxlated from

-

the standard curve.

2.6.3. Stabllity of cathepsin C

The *affinity chromatography fraction® was diluted with buffel:s of different
PH and stored at 30°C for 30 min. The buffers used were 100mM sodium acetate
pH 4.0, 4.5, 5.0, and 100mM sodium phosphate pH 5.5, 8.0, 8.5, and 7.0. At the
‘end of the incubation time the enzyme pH was readjusted to the assay pH and
transferase activity was measured under the conditions described in 2.4.1.

! . L 4
!

e v
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_presneted by Cornish-Bowden (1979). )

o

2.6. Kinetic study

2.6.1. Effect of substrate concentration on tranafernle activity

The effect !of Gly-Ph&NHz concentration on transferase activity of squid
cathepsin C was determined with the ®affinity chromatography fraction*. For
the transferase reaction 10usg of protem was assayed at each concentration of
substrate (25-400mM), and the assays were carried out under the conqum
described in 2.4.1. The apparent Michaelis-Menten constant (K_)and V___ were _ '
determined by using Lineweaver-Burk analysis and by the least square method of

Johansen and Lumry (1961) wusing a computer program based on equations

2.8.2. EfTect of substrate concentration oix hjdrolue'vactiv!ty

The effect of either Gly-Phe—NA or Ser'Tyr-NA concentration on hydrolase B

actmty was studled usmg the "affinity: cbromatography fraction®. The assays

were pelformed with 5ug protein under the conditions descrlbed in 2.4.2., except
) l “ b4

the concentration of substrate_varied (0.025-0.4mM). The apparent Michaelis-

\ . )
Menten constant (K ) and V. ,ax Were determined by using Lineweaver-Burk

fanalysis and by the least square method of Johansen and Lumry (1961} usirig a

computer program based on equations presneted by Cornish-Bowden (1978).

2.7. Halide activation

" 2.7.1. Effect of CI' lons"on the transferase actlvity'

A 4ml portion of the *affinity éhromatography fraction® was dialyzed

. against 6L of deionized water at 5°C for 48 h. A'ssays were performed with 12gpg

of protein under the conditions described in 2.4.1., except different concentrations
of NaCl or KC] were used. The 2-mercaptoethylamine was replacegvith 25mM
ME to satisfy. the thiol requirement of the enzyme. p T

*

t‘
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2.9.1. Effects of Inhibitors on enzyme activity

20

2.9.3. Effect of OF lons on hydrolase activity -

A 41d)l portion of the ™affinity chromatography fraction® was dialyzed
againt 6L of 50mM sodium phosphate buffer pH 6.0, at 5°C for 48 h. Assays were
performed with 5ug of protein under the conditions described in 2.4.2., except

different concentrations of NaCl were used and 2-merc.eptoethylamine was

" replaced with 20mM ME., @

2.8. Sulfbydryl activation -' “ . >

2 8.1, Eﬂ'ect of thiol compounds on the tra.nsferase activity ¢

The "affinity chrorxlatography fraction® was. used to study thé effect of thiol.
compounds on the transferase activity of the the enzyme Assays were performed
with 10pg of protem under the condmons described in 2 41, Sodlum chloride was
mcluded in all assiy mlxtures at a final concentraion of 25mM except in reactlon
~ mixtures conpammg‘2-mercap,toethylamlne.HCl. ' ‘

N ‘ . . o ] s

2.8.2. Effect of ME on hydrolase activity

The 'affihity chromatography fraction® was used to test the effect of ME-

. on hydrolase activity of the enzyme. Assays were performed w1th Sug of protein

and the reaction conditions were the same as described in 2.4. 2 except . NaCl was

included in the assay mixture at a final concentration of 20mM.

f

. 2.9. Inhibition study ‘

¢

The affmlty chromatography fraction® of the enzyme preparatlon was used
to test the effect of inhibitors. Stock solutions of EDTA, iodoacetate and

puromycin' were prepared in deionized water. Pepstatin A and p-CMB were. B
- dissolved separately-in DMS0. PMSF was solubilized in 0% (v/v)2-propanol.
_ Each inhibitor was included [n assay bulfer at final concentration (preincubation)

- ' » I
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of 1.0mM, except mercuric chloride and EDTA which were used at a final
concentrations of 0.1mM and 4.0mM, respectively. The enzyme (Sug protein) was
incubated at 30°C with assay buffer containing each inhibitor. After 30 min,
0.02ml of Gly-Phe-NA {400:M) was mixed in to start the reaction, and amount of

2-naphthylamine formed was determined as described in 2.4.2.

2.10. Effect of Triton X-100 treatment -

2.10.1, Effect of Triton X-100 treatment on transferase a.nd hydrolqae
nctivity of squld cathepsin C

. The *heated l'raction of squid cathepsin C was used to st'u.dy the influence

of.Triton X-100 .on activity. The-enzyme solution was diluted to 6.0mg protem/ml
with 154mM NaC] To 25ml sufficient Triton X-100 was added to get a final '

concentratlon of 1% and the solution was incubated at 0%C for 1 h Transferase
)

and bydrolase assays were performed under the conditions descnbed in 2.4.1 and
2.4.2., respectively. ‘ ‘ i ©
2.10.2. Effect of Triton X-100 treatment on transferase and hydrolase

- activity of bovine cathepsin C .

éovme cathepsm C was dl]uted to 1. Smg protein/100ml with 154mM NaCl
and dialyzed against 6L volume of 154mM NaCl containing 4mM ME prior to

Triton X—lOO treatment. Sufficient Triton X-100 was added to the dialyzed

enzyme solutlon to achieve a final concentration of 1% (v/v). The mixture was

incubated at 0°C for 1 h and it was then subjected to ultrafiltration using a
XMS0A _membfane. This membrane excludes most compdnents having a
molecular weight in excess of 50,000. The enzyme solution (25ml) was
concentrated to about 3.5ml, and assays were performed under the conditions

desribed in 2.4.1. and 2.4.2. Since the enzyme solution was not' concen],rat.ed to

" complete dryness, the values for the’ enzyme units reported in the results %ecuon

were corrected accordingly. To obtaly.a corrected value, the following expregsion

was used
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U, X Vi"’f”fc
-
Vhere as V,= Initial volume of the sample.
Vf= Volume of the filtrate.

V.= Volume of retentate (3.5ml)
L —

U Units of activity in flltrate (uncorrected)

U, = Units of activity in filtrate (forrected).

fe

U s Total units of activity recovered in retentate
(without correction).
U, = U-@U/ml X V)= Units recovered .

in retentate (corrected) .
2.11, Effect of urea tréatment

2.11.1. Effect of urea treatment on the ultrafiltration behavior of squid
cathepsin C .

LY

-“The "heated fragt{on' of squid cathepsin C was used to study the effect of .
urea treatment on the ultrafiltration bebavior of the enzyme. The enzyme
solution was diluted to 6.0mg protem/lOOml as described in 9.10.1. To 25ml of
the diluted solution, solid urea was added to achieve a final concentration of 2M
The solution was incubated at 0°C for 4 b, and it was subjected to ultrafiltration
using 2 XMS0A membrane. The solution was concentrated to about 3.5ml. All
assays were performee/under tbhe conditions described in 2.4. 1. and 2.4.2. Since
the enzyme solution was not concentrated to complete dryness ‘the values for the

enzyme units reported in the results sectlon were corrected as in section 2.10.2.

.
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2.11.2. Effect of urea treatment on the ultrafiltration behavior of the
' bovine cathepsin C ’

. Bovine cathepsin C was also used to study the effect of urea treatment on
the ultrafiltration behavior of this enzyme. The enzyme splution was adjusted to
1.5mg protein/100ml using a sodium chloride (154mM) solution, and dialyzed
unde;' the conditions described in 2.10.2. Solid urea was added to achieve a final
concentration of 2M. The solution was incubateé at 0°C for 4 h, and it was
subjected to ultrafiltration using 2 XMS0A membrane. The solution was
concentrated to about 3.5ml. Since the enzyme solution »ifas not concentrated to
co}nplete dryness, the values for the enzyme units reported in the results section
were corrected as in section 2.10.2. !

¥
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Chapter 3
RESULTS AND DISCUSSION-

3.1. Partial purification of cathepsm C from squid -

.

hepatopancreas

Table 3-1 summarizes the recovery of the enzyme unaer different conditiéns
of pH, temperature and time during autolysis of the tissue. Tt is apparent from "
Table 3-1, that the.maxlmum. release of enzyme was found after 18h gt pH 3.5,
3®0C, - . |

.- .
:

Table 3-2 summarizes the reco‘very of the enzyme in different fractions
‘obtained by ammonium sulfate precipitation. It is evident from Table 3-2, that a
salt saturation of 0-40% or 70-80% did not prec’lpitﬁte the protein exhibiting
either-of the catalytic activities. It is also e\:idept that the maximum- recovery of
active enzyme was obtained in the ~|1;;o,t.ein-—l'raéti‘on which precipitated .at a
concentration b.etween 40-70% saturation. The data also show that ammonium
sulfate fractionation increases the total units of enzyme.' Therefore, it appears
that this step removes an inhibitor of cathepsm C or otherwise activates the .

, enzyme

‘Cathepsin C obtained from,the hepatopancreas was partially 'puriﬁed as
described under 2.3. The results of cﬁth_épsin._C purification are summarized in
Table 3-3. The transferase activity was increased 36 fold and the hydrolase
agtivity was increased 51 fold as a result of purificationr of the acid extract by the
indicated steps ending with affinity chromatography. The specific activity of the

fraction purified‘ from a heated sample by ion exchange chromatography was



similar to that obtained‘ by affinity chromatography. The elution profile for
ammty chromatography of the®heated fraction® of squid cathepsin C preparatum
on a p-CMB-Sepharose column is shown in Fig 3-1. The enzyme activity penk
was closely paralleled the second smaller protein peak, while the larger preceding
protein peaks were devoid of activity.

A\l

The elution profile for DEAE-Biogel column chromatography of .the *heated
fraction® is’ shown in Fig 3-2. The transferase activity eluted in four fractions

corresponding to NaCl concentrations of 0.29, 0.31, 0.34 and 0.40M. It is possnble

that these four fractions correspond to different states of association of the same

subunits (see section 3.8.). SDS-polyacrylamide gel electrophores:s of Lze enzyme
preparation after different stages of purification was carried out by the method

described by Laemrﬁli (1870), and the results obtained are presented in Fig 3-3.

[

. The Rf values of standard proteins weré also estimated and 'use-d to plot a
-graph of the logarithm of Iilolecillar weight of the proteins versus\'mqbility_(Rf).
A summary of the description of the»pro—teins, their Rf values and molecu‘lar‘
weights are presented in Table 3-4. It is apparent from Fig 33 that ..the
.procedure employed.for the purificat'ion of squid cathepsin C was effective in
eliminating a iarge number of proteins. The main component of the partially
puriﬁed squid cathepsin C (affinity chromatography faction) was about 25
kdaltons, corresponding to the expected> mass of the subynit of cathepsin

C. However, a second minor band, corresponding to 62 kdaltons was glso present.

J [

.General discussion:Purification of cathepsin C from squid.

. -
The initial steps in the purification of bovine cathepsin C involved. the

preparation of an acid extract obtaineci‘\by incubating the homogen;te, adjusted

to pH 3.5, at 38°C for 22 h, and separatio;}l of the ac¢id extract from the autolysate-

by centrifugation (Metrione et al., 1966); The acid extract was concentrated by

ammonium sulfate precipitation between 40-70% saturation. .
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Table 3-1: Autolysis of tissue homogenate under
various conditions and recovery of

‘epzyme in acid extract!

B Y

Autolysis condition ) Recovery of the enzyme?®
) (% Relative activity)

Time . Temperature pH  Transferase Hydrolase

(h) (°C)

1 4 .35 30 Y}
4 -4 35 3 -, 30
1 . -38 35 40 -~ 39
4 o 3 35 so0 51
18 . 38 3.5 100 100
= 3 l .

20 - 38" 35 . 70 . 78
22 38 35 - 63 67
18 38 7.0 47 41

lA’verage of two separate experiments; 500 g hepatopancreas was used.
%Transferase and hydrolase assays were performed under the conditions
described in” 2’4’1 and 2.4.2., respectively, and are based on total units

recovered. 100% of transferase activity represents 4800 units; 100%

g

of hydrolase activity represents 5100 units.
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Table 8-2: Recovery of cathepsin C_ﬂun_der varying
saturations of ammonium sulfate!

Fraction » Recoi;el"y of the enz'yrlne2' . s
(% Relative activity)
Transferase Hydrolase.
Acid extract . 100 3. 100
Ammonium sulfate ‘ o
(0-40%')." . . 0. N 7.0 -
(40-70%) S o34 .. 338 >
. (40-80%) o 206" ' éoz \ T
(70-80%) ‘ | 0 ' 0

1

1 Average of two separate experiments§ 500.g of hepatopancreas was used.
2Transferase and hydrolase assays were performed under the condition
described in 2.4.}, and 2.4.2._;espgétively, and ate based on total tl!lils

‘recovered. 100% of transferase activity represents 4600 units; 100% of

b

hydrolase activity represents 4800 units. =

[t

~
)
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Summary: of purification of cathepsin C
from 500 g squid hepéyopancreasl

lAverag@e of two separate experimenls

Fractioh Total Total S]Secific ~ Total Specific
protein transferase activity  hydrolase .Activity
~ (mg) ' (Units) (Units/mg}  (Units)  (Units/mg)-

‘. . v -
Acid_ . :
extract 165 4700 28 5000 30
Ammo‘nium ~ -
sulfate X ' .

(40—70 o) 65 -11000 169 . ¢ 16900 260 -
. . . .
Heat

- trealed -— " R Cod
fraction 32 8200 256 ; 16500 Sl5

COMie ¢ . . .

. filtration 28 * 7520 268 15300 . 540°
Affinity =~ * . ‘
Chromatato- \ . . \
gruphy ? 6100 ~ 1016 . 9300 1550
DEAE-Biogel '

. Cbromato— - . - -

_ graphy JI‘ 4° 3200 800 © 7050, 1762

—=

" 2The *heated fraction® of the enzyme preparatlon was used; about 31 mg

protem (7500 trans[erase units) were applied to the column.

3Trans.foam.'se activity of the enzyme was determmed with Gly-Phe—NH

“methods sectlon 2.4.1.

' ‘Hydrolasmct%y\offthe énzytne was determined with Gly-Phe-NAq

methods section 2.4.2.
s

K

A



Fig 3-1: AIflmty chromatography of squid cathepsm C on s p- C‘MB—

Sepharose column. ‘

The column (0.5-x 8 cm) was preequilib}ated wil{ 50mM sodium
phosphate buﬂ’er pH 7.0. At *a*® the buffer was changed to 50mM sodium
acetate, pH 4.5. Cathepsm C was eluted with the starting buffer contammg
20mM ME at *b®. Fractions of 5.0ml were collected. The assay for
. enzyme activity was perl‘orme@ " with Gly-PheNH, as described under
2.4.1. Fractions number. 23-27 were pooled, concentrated and dialyzed a*

“described in 2.3.6. The dla]yzed enzyme solutlon was. referred to as the

* affinity chromatography fracuon' : o~
»
»*
<« J;v‘ - . -
s . »
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Fig 3-2:DEAE-biogel column chromatography of squid cathepsin C.

The column (1.5 x 30 em) was preequilibrated with 100mM sodium
phosphate buffer containing-4mM ME. The cathepsin C was eluted with a
linear gradient of 0-0.5M NaCl in same buffer. Fractions of 7.0m] were
c\llected with a flow rate of 30ml/h. The assay for enzyme activity was
performed with Gly-Phe-NH, as described under 2.4.1. Fractions number
50-55, 56-57, 58-60—51'1d 65-67 were pooled ar;d concentrated as described
under 2.3.7. The concentrated enzyme solutions were referred to as the
*DEAE fraction". Data are for one experiment and are representative of

+
two other experiments.

-
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Fig 3-3: SDS-polyacrylamide gel electrophoresis of samples obtained in the

partial pu’rification of squid cathepsin C.

1)48-70% AS fraction (60pg); 2)heated fraction (60ug); 3) standard
proteins; [a] p-u.alactosidase, [b], Phosphorylase A,[c] Bovine serum
albumin, [dl Ovalbumin,-{e] Chymotrypsinogen and [f] Ribonuélease A,
40pg); 4) standards proteins (20ug); 5)affinity chromatography fraction
(10xg); 6) affinity chromatography fraction (20uxg). The samples and
marker proteins Were mixed with marker dye (bromophenol blue) and were
" electrophoresed under the conditions decribed by Laemmli (1870). The

protein was stained with 193 Coomassie blue ih 7% acetic acid.

et
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Table 3-4: Mobility of proteins on SDS-polyacrylamide gel
electrophoresis
Protein Rf Mol.weight(kdaltons) ..
_ ,i
g-Galctosidase 0.13 118.0
Phosphorylase a 0.21 92.5
Boviqe serum albumin - 0.30 66.2
. % +» Ovalbumin 0.44 45.0
Chymotrypsinogen 0.50 257
Ribonuclease A 0.58 13,7
Squid cathepsin C
(Major band) 0.33 62.0
* (Minor band) 0.50 25.7
s
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In the purificafion of cathepsin C from squid hepatopancreas, the above two
s'teps were successfully applied with an adjustment in the time of autolysis to 18
h. If a longer time of autolysis was allowed, low recovery of enzyme was

obtained.

In the initial stages of the pre‘?l/i)ﬁaét;&ion, exp;:riments were conducted‘
in an attempt to optimize the conditions for ammoniurn sulfate precipitation by
bringing the acid extract to 0-40%, 40-70%, 70-80%, and 40-80% saturation with
ammonium sulfate. On the basis of data obtained by this study a saturation of
40-70% was used for subsequent experiments. With this operatiod a 6-9 Told
purificatiox{ was achieved, and more activity was recov'ére in the "40-70% AS
fraction® than was present in the "acid extract® mdlcat]ng tﬁt this step removed
lnhlbltors present in the acid extract or otherwise actwated cathepsin C The
increasé in speclhc activity of squid #athepsin C obtained from acid extract to
40-70% AS fYaction -is comparable to that reported for the bovine enzyme
(Metrion\z et al,, 1966).

Purification of pro.teins by conventional procedure is frequently laborious
and incomplete, and the yields are often low. . Enzyme isolation based on a highly '
specific biological property such as strong ereversible ssociation with a specific
‘sub's'trate or inhibitors offers a good method for purification. " Para-
chloromercuribenzoate-Sepharose is known to bind a wnumber of prbteins,
-‘including bovine cathepsin C, that contain sulfhydl:yl group‘s (Metrione, 1978). In
this study this material was used to purify stluid cathepsin C. This material was
found to be very effective in binding the enzyme, which was then eluted ‘in a
single peak with buffer containing ME. The active fraction eluted from an
affinity column was further resolved ihtp_ 2 bands, corresponding to molecular
weights of about 25 and 62 kdaltons, respectively, by SDS-polyacrylamide gel
electrophoresis. The major band on Commassie blue sfaining, corresponds to a
__protein of 25 kdaltons on SDS-polyacrylamide gel electrophoresis of the affinit;;
c'lfromatogrphy fraction, This J)rotein appears to be a subunit of squid éathepsin
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AN _::.} C (refer to section 3.8.3.). The other minor band corresponding to 62 kdaltons

would appear to be incompletely dissociated subunits or a contaminant of the

preparation. .

The use of ion exchange chromatography on different anion ’and cation
exchangers in the purifieation of cathepsin C was reporfed by various workers
(Planta and Gruber, 1964; Metrione et al., 19066; McDonald et al., 1966a, ldﬁgg).
In'an attempt to purify the squid cathepsin C further, an anjon exébangg material
(DEAE-biogel) was used in this study. Chrématography of the heated I'ra.c_ti(;n ‘of
the _en“zyme preparatiqn revealed the l‘olliwing information: i) At a pH of
approximately 7.0, squid cathepsin C had a\"net negative ch rge, therefore, all t'h"e
activity loaded on the column was adsorbed. i) The ©ise of a gradient of
increasing ionie stre.xlgth of NaCl 'pefmiti;d desorption.of the eﬁzyme activity in
four peaks, which Were all eluted bgtween 0-050M NaCl. With this aperation, a
3-4 fold increase in transferase activity was achieved over the sample applied.
The recov.ery of transferase and hydrolase activities in this fraction was about
43-46%. Further purification of squid cathepsin C by coﬁlb.ining ion exéhnnge
with affi}xity chromatography did not inrfprove the specific aq‘tivity'at all,

£

The.' specific. activity of the affinity chromatogtaphy fraction with |

|
Gly-Phe-NH, as substrate was about 1016 nanomoles of hydroxamate produced
per mg of protein per min-and was a 38 fold increase over the activity in the acid

extract.

¢

‘The specific activity of the affinity chromatography I'l,action with Gly-Phe- \

NA as substrate was 1550 nanomoles of NA formed per m;& of protein per min.

This was a 51 fold increase over the activity in the acid extrﬁict.

|
. !
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\ ..3.3.1. Cathepsin C assay

hydrolysw or hydroxyla.mmol

.
-
K}

! \
3.2. Characterization of cataljt-ic properties
S
The time course for transferase and hydrolase reaction was determined with
the 'affinity_'ghfomatggra;ihy, fraction® of squid cathepsio C under the conditions
described in 2.4.1. and 2.4.2., respectively. The resulfg obtained are presented in
Flg 3-4 and 3-5. The rate of absorbance change w/ﬁh *affinity fraction® was

constant for at least 30 min for both transferase as well as hydrolase activity.

. Incubation of reaction mixtures without enzyme did not cause any change in

absorbance, and thus eliminated the posSIblllty of non-enzymic reactlons such as

\
-

‘T‘he ‘initial” rate for both activities were proportional to the enzyme

concentration tested, at least up to 300ug protein of crude preparatlon The

enzyme preparatlons used in this study were approprlately dlluted to fit this rlnge‘

of activity.
General discussion: Cathepsin C assays.

The substrate Clj-Phe-&A was adopted‘. for the hydrolase assay because of

the\,av i_lé.bility of the substrate and previous reports. that it is specific for

cathepsin C. The sensitivity of the assay"could have been increased at least ten to
fift_eep fold through the use of Gly-Arg-MNA, recently made available by.Si_gma
Chemical Co. . The crude preparation of squid’ cathepsin C hydrolyzed this
substrate at a rate wbich whs at least tep times faster that for Gly-Phe-NA. The

possnbxhty that some other enzyme active on this substrate was not ruled out

With the acid extract of the sqmd enzyme preparation the reaction was found to’

terminate - prior to the- anticipated completxcﬁ of the reactxon (Fig 3-5) The

possibility that substr%e depletion or enzyme 1nactwatlon was responsible for this

~was ruled out. The addition of more substrate or enzyme after the reaction

started caused the reaction to Iesume at the initial rate. The exact reason for the

)
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Fig 3-4: Time course for transferase activity of éguid cathepsin C. °
/ .

Either 10ug of squid cathepsin C (affinity ¢hromatography fraction)

or 285ug of "acid extract® was incubated per assay mixture at 30°C, and

the reaction was stopped at 5, 10, 15, 20, 25 and 30 min interval. The
absorbance at 510nm was measured as described under 2.4.1. ? ].

]

Gly;Phe-NHQ was used as substrate.
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Fig 3-5: Time course for hydrolase activity of squid cathepsin C.
For acid extract 200ug protqie/a.ssay mixture was used. For 'affiﬂity
chromatography fraction® 5pg protein/assay mixture was used.
The assay mixtures were incubated at 30°C, and the rate of change
. _of &bsorbance at 340nm was pneasured at 1 inin intervals jn the DU-8
. spectrophotometer; as described under 2.4.2. Gly-Phe-NA was used as
. . 13 : -
. substfrate. “
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non-linesrity is not understood. ‘In contrast to the hydrolase activity, the

+ transferase activity was constant with time of assay, even with the acid extract

(Fig 3-4). &
, ol
3.3. Effect of pH on cathepsin C catalyzed reactions
i B ~
The effect of pH on iilre transferase \activity of squid cathepsin C with
. ¥
Gly-Phe-NH, was determinedﬁas‘)described under 2.5:1. The results obtained are

narrdw pH optima (7.0) for the transferase reaction.
*

The effect of pH on the hydrolase achvrty of squid cathepsin C with either

Gly-Phe-NA or Ser-Tyr-NA was determmed as described under 2.5.2: The results

.4 obtained are presented.in Flg 3-7. The pH activity proﬁles of squid cathepsin C

'l‘or Gly-Phe-NA and Ser-Tyr-NA substrate were slmllar in so far as both

substmtes were hydrolyzed more at moderately acidic PH 5-6, and -another region .

- of high activity was also recognized at p. 4 Sl ilar results were obtained” \bfth

the acid extract preparation of the squid enzymc

f"“" .
» The pH stability of the squid cathepsm C was determx?ﬂ with the affinity .
, chromatography fraction of the enzyme as descnbed under 2.5.3. and the results

obtained are presented in Fig 3-% The’ enzyme was stablc ata pH value of 7, but

.~ - at pH v4lues less than 4.5, more than 20% of the transferase activity, was lost.

-

General discussion:Effect of pH on cathepsin C catalyzed reactions

A
.

"Cathepsin C catalyzes the transfer of a dipeptidyl unit of 'a suitdble

_ substrate to nucleophilic acceptors such as hydroxylamine, I't‘ee ‘amino aclds,

excess dipeptidé amide substratefor water (Wurz et al., 1962; Nilsson and Pruton,'

1964),

* .
: -

The relative rate at which the activated dipeptidyl units react with water or

with the amino group of .another substrate dcpcnds upon‘ the pKa: of the’

" presented in Fig 3-6. It is app:rent from Fig 3-6 that squid cajhepsin C showed o
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f‘ig 3—B:Effect of pH on transferase activity of the squid cathepsin C toward
Gly-Phe-NH,,.

-

) .

. The assays . were pérformed with the *affinity chromatography

fraction® of the eﬁzyme preparation (10xg protein) under the conditions

described in 2.5.1. at 30°C. Citrate-phosphate buffer (150mM) was used to
cover the pH range of 5.5-7.5.
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Fig 3-7:Effect of pH on hydrolase activity of the squid cathepsin C.

- -

&

The assays were performed with the “"affinity chromatography:

fraction® of the enzyme prepartion (5ug protein} under the conditions
described in 2.5.2. at 30°C. Citrate-phosphate buffer (150mM) was used to

—~

cover the pH range of 3.0-7.0. '
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Fig 3-8: pH stability of squid ca.'thepgin C.

The *affinity chromatography fraction® was diluted 1:4 with buffers
of different pH and stored at 30°C for 30 min. The buffers used were
100mM sodium acetate pH 4.0, 4.5, 5.0, and 100mM sodium phosphate pH

- 5.5, 6.0, 8.5 and 7.5. At the end of incubation time the pH was readjusted
to the assay pH and transferase activity was measured with Gly-Phe-NH,

under the standard assay conditions described in 2.4.1.

4

-
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corresponding ammonium group and upon the pH of the solution. At pH values
below 6. where the NH2 terminal group of the substrate is largely protonated, the
hydrolytic reaction is strongly favored. On the other hand, when the pH is above
6 and thus approaches the pKa of the substrate (pH 7-8), then the predominant
reaction is polymerization (Voynick"and-'l"‘-ruton‘t 1968).
V- X ~

When cathepsin C acts on Gly-Phe-NH, in the. ‘presence of hydroxylamine at

pH values near 7, four reactions proceed concurrently.\‘
. !
i) The substrate is hydrolyzed to Gly-Phe and ammonia.

L)

"~ ii) Hydroxamie acid is formed by a transamidation or transferase reaction.
iii) The newly formed hydroxamic acid- is subjected to enzymatic hydrolysis.
iv) The po‘lymer derived from Gly-Phe-NH, is formed (Jones et al., 1952).

|
An estimate' may be made of the relative extent of hydrolysis (Gly-Phe-NH,
and hydroxamic acid) and of transamidation {formation of hydroxamic acid and of
the polymer) by analytical determination of the rate of liberation of carboxylate

ions and ammonia (Jones ‘et al., 1952).

It should be noted that the transfér_ase assay used in this study will give only,
the amount of hydroxamic acid present during the assay time at different pH
values. As nqted earlier, the newly formed hydroxamic acid can also act as a
substrate for cathepsin C. Therefore, this method will not reveal the extent of the

formation of hydroxamic acid. .

Although the hydrolysis of hydroxamic acid is not likely under the
conditions in which assays were performed, none the less, the data op pH optima
for a transferase ‘assay should be interpreted with cau‘tion + The complicated
mterpretatlon of pH optima studies with this enzyme might be clarified in future
work employmg’ a parallel determination of carboxylate ijons, polymenzav‘

products and ammonia in addition to hydroxamic acid.

-
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The results obtained with the squid enzyme showing a pH optima of 7.and 6

for the transferase and hydrolase reactions, respectively, are cansistent with other

reports (Fruton and Mycek,1956; McDonald et al., 1969a). Besides an optimum.

. pH of 6.0 for hydrolase activity, partially purified squid ca‘xepsin C also showed
high activity at pH 4.0 for the same reaction. The possibility that the *affinity
chromatography fraction® contains a contaminant active at thii’ pH against_ Gly-

Phe-NA and Ser-Tyr-NA was not ruled out.in this study. However, a similar type

of pH activity curve for hydtolase reaction by rat liver_cathepsin C was reported.

v

by McDonald et al..(1969a). 3

3.4. Kinetic study . . .

The apparent K and V __ . of the squid cath‘epsin C (affinit
: y

ohromatography fraction) were estlmated by measurmg the +mal rates for the

hydrolysns of either Gly-Phe-NA Ser-Tyr-NA and ‘transferase of Gly-Phe-NH at
different concentrations as described under 2.6.1 and 2.6.2. The apparent l\m and
V . Were determined by the analysis of Lineweaver-Burk plots and by the least
squares method of Johansen and Lumry (1961). The results obtained are
summarized in Table 3-5. The apparent K and V. estimated for t_hc sqliid
cathepsin C by the Lineweaver-]}urk plot were similar to that obtained bym the
least squares method. Table 3-5 also show that the correlation coefficients

between 1/S and 1/V for each substrate approach unity.

.Table 3-6 summarizes the s;pecific hydrolytie activities of squid cat‘nep’sin C
on different synthetic substraies. It is apparent that Gly-Arg-MNA was
‘hydrolyzed at a rate ten times faster than was ‘Gly-Phe-NA.  The rate .of
hydrolysis of Ser-Tyr-NA was twice that of Gly-Phe-NA.,

1
1
A

- ~

General discussion:Kinetic study. . I

Most of the kinetic data available for cathepsin C are for the hydrolytic

reactjop and there are very few reports concerning the transferase reaction. The -

-
-

*
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Table 3-6: Squid cathepsin C hyd?élysis of Gly-Phe-NA,
Ser-Tyr-NA and transferase of GIy-Phe—I\H'I2

Substrate! Range Km(mM)2 . . Vmu3

(mM) A - B A B '
Gy FiNA 0025040 0.060 0055 1503 1553, —o.ggs
Ser-Tyr-NA 0.025-0.40 -0.081  0.055 7692 7850 0.997
Gly-Phe-NH, 25-400 _5.7'r_lf a1 a2 . ner 0.991

lWit.h GIy-Phe-NA or Ser-'I‘yrvNA Sug enzyme protem (afﬁmty ’
chromatography fraction) was used. - _ C _ -

“:AN assays were performed under standard assay conditions descnbed i

941242 ‘
2e A% caleulated from Llneweaver Burk plots; *B* calculated by [east

squares analysrs and for this purpose a compuber
program was usgd.

SNanomoles of product/mg of protein/min. . g /
d :

Correlation coefficient for linear regression analysis

Lineweaver Burk plot.

- b ..

()
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Table 3-6: Specific hydrolytic activities of-squid
cathepsin C on different synthetic substrate!

Substrate . Activity,

Specifiq - Relative
- (Units/mg) (78)
.. Gly-Phe-NA 492 ¥
, Ser-Tyr-NA ;s 1033 o 2i
Gll;,—Arg—’MNA' _ 4920 100
ql’iliar;l;PhepNAQ o o . . 0
BAN‘A"‘_-"‘, o ‘or'f R

lThe 'heated fractl(tr“of the enzyme preparatlon (65ug
. prot.em/assay mlxture) was used.
2All assays were performed at 30°C as descnbed _under- 2 4.2, except

for Glutaryl—Phe-pNA,-change in absorbance was recorded at 410nm.
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reported values available on the kinetic of the transferase reaction with Gly-Phe-

OMe as substrate, and not with Gly-Phe-NH,,,» the substrate which was used in
this 'study. ‘ U R -

N -
o

The K_| values reported for rat livér cathepsin C on seveéral dipeptide-NAs
ranged from 0.1 to 0.2mM (McDonald, et al., 1968a). A K of O.ﬁmM was
reported for the hydro_l&sié of ‘Gly-Phe-NA by the rat“ enzyme atlpH 6.0 and at
37°C,, whereas, Hopsu-H:ivu and Rintola (1968) feported a K_ of 2.0mM for ¢
porcine kidhey caﬂmepsin C for the same substrate at pH 5.6 a_nd at 30°C. '

. In this present, study the hydrolys:s of Gly-Phe-NA at p]-l 60 and a™
temperature 30°C showed a K_ value of 0.055mM whlch was lower than the
values reported for rat hver and porcme kidney enzyme (McDonald-et al., 1969a, '
Hopsu-H;vu and Rxnt_ola, 1968). Although a'’K _ of 0_._02mM was reported Tor the

* hydrolysis of Sgr-Ty;‘-NA by bovine pituitary énzymg at pH 4.0 and 37°C
{McDonald et al., 1966a), squid cathepsin C showed a higher Km' folfthis substrate

at pH 6.0 and at 30°C. Sc;uid cathepsin C sllows a low rate for hydrolyzing Gly-
Phe-NA as compa;'ed to Ser-Tyr-NA. _Whefeas the V___ values of Gly-P!le-lth\
and Ser-Tyr-NA are different, the K_ values are al?out? the same. ¢

Preliminary studies were also carrieht‘witl; other substrates includingwy
GlutarylfPhe-.pNA, BANA and Gly-Arg-MNA. Of these, the heated fraction was
inactive with all except GlyrArg';MNA. 'The rate of hydrolysis of Gly-Arg-MNA_
by the squid enzyme was ten fold greater than that _obse!-ved for Gly-Phe—NJ:.,

Earlier studies by McDonald et al. (19692) showed that Gly-Arg-NA is a
better substrate for rat liver cathepsm C than was Gly-Phe-NA. Since Gly-Arg-
"MNA is now commerclaily available (Slgma Chem. Co St. Louls Mo), I'urther
‘ studies of squid cathepsm C should employ this substrate '

)

SR



55

3.5. Halide requirement 3 -

The effect of Cl/ion on the transferase activity of the squid cathepsin C was
investigated as described under 2.7.1, and results obtained are presented in Fig
3-9. | |

e
2 - 4

As illustrated , squid cathepsin C catalysis of the transferase reactiof was
stimulated by NaCl. Maximum stimulation was observed at about 20mM. A
similar activation curve was obtained with KCl, indicating that the CI" ion rather

than Na¥ is responsible for the activation.

’ .
1

The effect of CI” ions on the hydrplase activity of the squid cathepsin C was

investigated as described under ‘Z‘I 2, and results obtained are ‘presented in Fig .

3—'1b Squid cathepsm C showed very low actmty in the absence of CI" ions. The
enzyme exlnb:ted an almost absolute regiirement for CI ions and responded toa
small amount of this ion. It is also apparent from Fig 3.10, that only 2.5mM
NaCl was required for half activ%ion of the enzyme, but maxfmum activity was
obfained at a conc’sntra',tion of 20mM. - C;

General discussic‘m-:Halide activatio:h ) ‘ )

In agTeement with early reports on halide activation of bovine spleen and
rat liver cathepsin C (McDonald et al., 198?3&, 1969a; Tappel and Huang, 1972),
s;ql_lid cathe'psin C also exhibited an appareni absolute requirement of CI" for both
{ransferase and hydrolase activities. The Nat and K* salts of CI" were found to
be -equally effective.in satisfying requirement of the squid enzyme. The
actifq_tion_ of both transferase and Txydrolase activitis were found to be almost
ins{antaneous. It should be mentioned here that. the dla.]ysns of the enzyme
pl'eparatlon against cr free dialysing medium (delomzed water or 50mM
phospbate buffer,pH" 8.0) results in a decrease in (enzyme activity (data not
shown), but on addition of CI* ions, the enzyme activity was stimulated several
fold. This may suggest that there is a reversible bmdmg site for CI’ ions m squld

o2 ——

cathepsin C. ' ' '

+

AN
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Fig 3-9:Effect of CI" ions on transferase activity of squid:cat'hepsin C.

The .afhmty cbromatom aphy fraction® (4ml) of squid ~.athepsm C

s was dmlyzed against 6L of deionized water/at 5° for 48 h. Each assay was
\
pegformed in duplicate and 12;45 enzyme ;(rotem was used The conditions
. of assay w:tg the same as in 2.4.1 except 2-mercaptoethyla 2in. JHCl was
1 replaced w:th 25mM ME to satisfy the SH requlrement of the enzy 2.
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was dialyzed against 6L, of 50mM sodium phf)sphqte buffer, p

k o
4.

Fig 3-10:Effect of CI" ions on hydrolase activity of squid catb‘epsin C.

6.0 at 5°C

for' 48 h. Each assay was perfarmed in duplicate and 5ug ¢nzyme protein

The ®affinity chroinatography fraction® (4ml) of squid;]ethepsin C

"was used. The conditions of assay were the same as in 2.4.2 except 2-

mercaptoethylamine. HC] was replaced with 25smM ME to satisfy the SH

requirement of the enzyme.
' %

" Emrs

-
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‘ .
The finding that the transferase and hydrolase activities of squid cathespsin
C responded in the same way to chloride is further evidence thas the two
reactions can be attributed to the same enzyme and indicates that it is unlikely

that the affinity chromatography fraction contains additional peptidases which act

on Gly-Phe-NA.

3.6. Thiol requirement

The effect of ‘thiol compounds on the transferase activity of the squid
cathepsin C was determined as described under 2:8.1. The results obtained are
shown in Fig 3-11 and Table 3-7. As shown in Fig 3-11, the enzy*me showed very
low actmty in the absence of ME. Maximum activation of the ‘enzyme was

g

achleVed with a concentration of 25mM ME. ’
' . ’l .- -~ .
The effect-of ME on the hydrolase activity of the squid cathepsin C was
determined as described under 2.8.2. The results obtained are shown in Fig 3-12,
with enzyme. .ﬁxhlbmng very low actmty in the absence of ME. Maximum

actlvatlon of hydrolase was achleved with a concentration of 20mM ME,

» ¢

General discussion:Thiol reqixiremept.

" Cathepsin C is known to be a sulfhydryl containing enzyme. Compounds

such as l_.-‘cysteine. ME, 2-mercaptoethylamine and QTE have been used as

enzyme activators (Fruton and Mycek, 1856; Tappel and Huang, 1072).

The stimulation of transferase and h_ydr_o]ase activity of squid cathepsin C
by thiol compounds is consistent with these reports. 'Several other thiol
compounds were also tested to determine their relative 'ef[ect.s on transferase
activity of squid enzyme (Tabie 3-7). The sulfhydh{l debendency of squid

, cathepsm C coupled with inhibition by p-CMB, mercuric chlbnde and iodoacetate °

7

(skctlon 3.7) suggests the presence of essential cysteine ,resldue(s) in the enzyme
Among those compounds tested ﬁ-cysteme was the most emclent activator. Why

8 gconcentration of 25mM sulfhydryl activator was requlred for maximum



Fig 3-11: Effect of ME on transferase activity of squid cathepsin C.

Each assay was performed"“in duplicate with 10ug enzyme protein

('al’ﬁnity chromatography fracti~ny), method 2.8.1. The assay conditions

were the same as in 2.4.1. except NaCl was included in the assay mixture

at a final conc-entration of 25mM.
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Table 3-7: Effect of thiol compounds on the transferase
« activity of squid cathepsin C

Activator! Activit_v'2
Units/mg protiena ¢

*Control ) 252

ME ‘ 1010
2-Mercaptoetbylamine.HCl3 1112

DTE : " 1020
L-Cy.steipe 7

1313

1Al aétivatérs were used at 25mM final concentration and were fresh!y.
. prypared; methods 2.8.1. | L
2Al) assays were performed as under the conditions mentionéd in 2.4.1.; -
average of two sepa\ra@e experiments.

3NaCl was omitted from'reaction mixture.

)

{

*.a

AL}



Fig 3-12: Effect of ME on hydrolase activity of squid cathepsin C.

Each assay was performed in duplicate and 5ug enzyme protein
(*affinity chromatography fraction®) was used, method 2.8.2. The assay
conditions were the same as in 2.4.2. except NaCl was included in the assay

mixture at a final concentration of 20mM. \
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activation is unknown. Such a high concentration of sulfhydryl activator inside .
the cell would be difficult to mrlntam but when the mtracellular reducing

enviroment is considered, the in vivo requirement for sulfhydryl actwat.or may be

quite different from the in vitro requirement. In vivo protection of sulfydryl s,

enzymes by reduced glutathione may be afforded through a-thiol-disulfide

) A

3.7. Inhibitor study ) ' <
4
The effect of wvarious inhibitors on squid cathepsin C activity was

t

exchange.

investigated as described under 2.9.1. The results obtained are reported in Table
3-8. - The hydrolase activity was completely inhibited by 1mM mercuric chloride
and iodqacet:;te, and- only 8% activity remained in the presence of p-CMB. No
inhibition es obtained with either EDTA, PMSF_,\pepsta',tin-A or puromy¢in.

* L)

- . General discussion:Inhibitor study. ' . SR

" ;The squid cathepsin C was not inhibited by EDTA 'which inhibits :

metalloproteases, or by PMSF which ‘inhibits serme proteases, or by pepstatin,

‘which mhlbxts carboxyl or acid proteases, e.g. pepsin and catbepsm D.

The very strong inhibition by iodﬁetate and mercﬁfic chloride suggests
that the squid enzyme, like the bovine spleen and rat liver cathepsm C, is. also

mactwnted by-reagents which mteract w1th sul ydryl groyps.
D . -. -~
e
Puromycm is known to be an mhnbltor of aminopeptidase (Ellis and Perry,

1967), and the possibility of a. stepwnse (ammopeptldase) hydrolysis of Gly-Phe—
NA was considered }ess likely beoause puromycm did not effect the rate of

T " formétion of 2-naphthylaffiine by squld. cathepsm o}

[}

>

T,
»

BLEY
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- . Table 3-8: Effect of inhibitors on hydrolase
acti\rit.yl
Inibitor ] Final concentration . Hydrolase gctivity
(mM) . (% of original activity)
— L 4 N 4
EDTA . 40 - 107
lodoacetalte 1.0 0
PMSF , 1.0 _ rde \
Mercuric chloride 4 0l . o
p-CMB 1.0 , 8 . .
Pepstatin A 1.0 - 103
Puromycin 1.0 ) | - 102

e I's

1The T finity chromatography fraction® oi’ {he enzyme preparation was
gsed: The enzyme (548 protein) was added in assay buffer, conlaining
various reagents in the final concentrations indicated#and was pre’incﬁbated
at 30°C for 30 thin; method 28.1. After preincubation, the residual

hydrolase activity was assayed according to the method described in 2.4.2.
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. 3.8.Characterization of ‘the subunit l}&"ure of cathpesin C and

its relatlpnshjp to catalytic activity

3.8:1. Heat treatment. . . :

f Table 3-9 summarizes the regeneration of transferase activity following heat -

* treatinent”.of the *40-70% AS fraction® at 65°C (for 40 min).- Heat treatment
caused a complete loss of transferase activity, and a spiﬁmlation' of hydrolase
activity. Hoqu'er; the transferase activity was partially feg ei'_ated after 48 h'at

- ©c , | . .
‘ T i -
r'a ! 4

|

The regeneration of .tr'an_sféra.se.acti.vity was greater whien the *heat-treated

fraction® - sahplg'_'\’vﬁs.‘-',cl'ia‘:ly_z-ed.‘aga. st 154mM /lfhyDl " and ‘.4r‘nM ME, The

* regeneration df transferase agtivity *was associated with a cqncom’tant decrease in ,

.o . . .
' hydrolase activity {Table3-9)...." =~ .
A - = ',;'.t g LT '-'-' ) T e e .
T » General discussion:Heats treatment. - ‘ oL,
“ . Bovine spleen -and rat liver cathépsin C-are heat stable enzymes (McDonald

et al, 1060a) and this property is exploited in their P“J‘i'i;ica_ti_o_l_l since most\,of\tge .
other cathepsins (A, B,‘ D, E, q}nd 'carboxypep.t’i'dﬁs;é)'arg destroie‘&‘ by heat
* treatment (McDonald. et ﬁl., 19723).'Wh;p the *40-70% AS fraction® from squid -

“ hepatopancrbas was heated at 65° C for 4\0’rqin,‘ tt_xeltraﬁs;ferase activity of the

. eniyme prépal.‘atioﬁ completely disappeared and the hydrolase activity ineased

byl . - -
T A | L |

LI _ Dialysis of the ."heat-treated fraction® against NaCl and ME resulted in

0 -

«

_ o"pti.mal regeneration of transferase ac'ti_vity.. :Of the activities présent prior to

— heat treatment, about 74% -of iransferase and 93% of fydrolase activities were

.

treated fraction® may be‘fdhe,,.'to‘ix_éxﬁéwal- ofr"substant:eé formedvd’ui'iﬁg beat
treatment which are }nhibi'tory to. the transferase réaqhiqﬁ,.or tl't‘e'regeneratiot'x of

p:cti_vity may be related to fevt.f;sib'l'e_;‘hea't denaturation..of a“single 'polypeptide

A N
. I E— . .
- . o ™ T . N .
. voor ' . B . g
! . ‘ .
[ : L .
. . 4 “
- . .
PR 2 g . ‘
. . .

’.

, ) ' : LA ‘e N - ’
recovered. 'Ikhe regeneration of jransferase activity dufing dialysis of the ®heat-
B . v . N N N _ \f .

3

~

.

7
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"Table 8-0: Regeneration of the 'tra*nsfer se actiyity ' ‘- \
following heat treatment L .
) - e " a4 .
— ‘. ) 3 ! " . *
o * . - b
Treatment Time at 4 °C . -t -7 o
' after heating Recovery of the efizyme activity
Y . . C (Total units) .
- (b) " Transferase Hydrolase » ‘ )
‘ . ’ S . - . ] .o
None? . . 10121 15686 , e
> -65°C, 40 min T 0 ’ o ¥ . 17568 - r '
65°C, 40 min o8 - ¥asee a8 o v
' v N N . ’ * . ’ - t-. .Q [
_ Dialysis after - ’ ‘ | . . ) }L...
65°C;40min " - . - A
. ‘Delonized water - / ) 4.8*. - . 61286 o 15372.- ,
) - ‘ o \ . . . .i' . ) coL . ‘ ‘
; 1%'NaCl, smMME: .48 ° 765¢ - 14588 - - -
A o .- ) . | . a - 4 . . ..1/‘_ . & ""‘
»* ' 1% NaCl Y48 6841 -N\Je3a3 | .. . g
) . L. e o P . h
ea - 4mMME T 48 7045 .. v 16000 LT
. . . . . ' . hY R . ' . ' r{\ \l
, __lTransferase and hydrolase assays were performed as described uynder '
) 2.4.1. and 2.4.2. respectively. R ’ . ' ’\ ‘
’ © 2Total activity present in the *40-70% AS fraction® before heat treatment. ' '
» . a s
T , n ‘ -
{ ’ - )
! " , _‘.;} \ v - -t
. v % \-
»
I3 / 9 ' ’ ’ ' ' - li/
b3 u 4
(Y of
/ “w . & . .
A ' - L TN -
' ° . ' i\. L] "——-’—. ' -
Ny . ) \ \J ul
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‘ chain or to association of subunits into a form capable of catalyzing transfersse

3

activity, ' .

‘ Vad
+,  Since some Yegeneration of trﬁfn;fersse occured without - dialysis it ap;;ears

that the disappearance and re-appearance of transferase éctivity‘is‘at least partly

due tplrev{ersibl'e heat denaturation of cathepsin C.

3.8.2. Membrdﬁ"’ permeabllty of squld ;athepsln O, - - . .

e

i

'3

v The results‘reported in. "I‘able 310 show: the evndence fer the' membrane
permeablhty of the "heated fracuon' of squid cathepsin C preparatxon It is o
o apparent from Table 3-10 that a marked decrease in- hydrolase actmty was 5 |
observed when XMlOOA or PM30 membrane was used However, about 02- 93

chvxty was retamed by UMIO membrane DO . _ R T
. L % . . S . '
v

Genﬂﬁl‘dmcussmn Membrane permeabhty of squid cathepsm C. f ) o ®

.-4. u..’,,

Ultraf ltmt:on of the 'heated fraction® of sqund catbepsm C resulted in - w1 '
" ** permeation of part of the hydroln.se and transferase activities through various
) ‘memb}anes A greater percentage of hydrolase' activity as compared t&

L v transferase actwu‘y was lost in the l’lltrate This would indicate that smaller
. i ¢ '
"_2,’-/ T subumls are more actlve in catalyzmg the, hydrolyuc re.actlon These smaller .

- subumts appear to reassoclate to form teyamers and Qctomens, refer tor sechon,
' ; . -, ! . ¢ . L
./ ‘.3983 ' 0y o ',»-.'“ ) ) ) . -
) ‘ "

3.8. 8. Gel permentlon chromhtography : B

- . v ' )
The elut:on ﬁrohle I‘or ﬂrotem and entfme actmty of the 'heated fracﬁon B
T 'concentrate' of squld cathcpsln C preparatlon on"a Sepbﬁ?l Sﬂ.OO column is . Lo
.o o shown in" 3-13 nnd the speclhc activities obtmned in dilferent fractlons are 3"

‘ : repor!ed in Table 3-11. 'Thc tr;nsferase aétiv:tnes obtamed in' these fractions were
N . associated with protens comspondmg to 200, 100, 50 and 256 kdaltons,\ -

-

- . . .
L h . :
.t + * o
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Tahle 3-10: " Retention of squid cathepsin C with various +

.o _ " membranes! :
a .
. e
' . 1 4 ) ‘T " -
.Membrane - ) _JRecovery of the enzyme- v
‘ T (Total units)
. ' Transferase ~ Hydrolase
XMI100A - K S
Retentate " C . 3286 - .+ 4372
‘Fm'raé'e S ZTO 3828
DA SR o0 - : Cs
| PM3d I ¢
' Retentate - oo 8B3s ' © . 5302
Filtrate® 485 /‘ 2608
UM - . - - i . . _ . .
Retentate 13680 ’ 7440
' s . v T ' s
«. 3 Filtrate .0 ' 0
T - v
Nobe {Control)® C 4000 - 8000
' .~ - = ~ i

- +

TeHeated fraction® (Zﬁxl) was concentrated to abdut 3.5m) in an Aricon

filtration assenfbly using, XM100 (cut-off level 100,00), PM30 [cut-off %
-level 30 000) antl UM10 (cut-off level 10,080) membranes, respeetively. -
* 1t should be noted here that the c’uﬁ'ﬁ level refers to the molecular

‘ “wenght (of & globular solute) at whlch the membrane exhibits 90%’ .

. Jejection. ¥ : ‘- L.

/ 2'l‘ran'.afel'ase and hydrola.se assays were performed ‘under the conditions
mentloned in 2. 4.1. and 2.4.2. resPectwely

2 3Without filtration. R
?r” - " [}
Y S, h
TN . v *
? . 5 »
.z .
# ;7 !
nt P v |
1% ? . ' >

—t et
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Fig 3-13: Gel flltratlon of “heated fraction concentrate® of squxd cathepsin

¢ preparation on a Sephac’?yl $%300 column.

& ’
o+ ’

The column (084 x-72cm) was preequilbrated “with 100mM sodium -
acetate - buffer ‘containing 4mM ME pH 4.5. Elution of protein was
performed with the same buffer, and fraction of about 2.4ml were collected -

" with a flow [ate[ol’ 24ml[h. The standards éluted at the followmg volumes.
*. .Blue dextran (8. Oml), Catalase .(78. 8ml), " Ovalbumin {98.4ml),
.Rxbonuclease A (112 8ml) ‘The. assay of enzyme actmty was performed

wnth Gly-Phe-NH as descnbed under 24 1. 'Data shown are for one
experlment and are, representatwe of results obtained with three ot.her

expenments . s . \ .
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M.

A

"Tahle 3-11: Recovery of transferase activity in various

fractions from S€phacryl S-300 chrom%ography !

L i o
Fraction g g JL). - Specific %Total,
Mol.weight Units/F‘raction2 - Protein/Fraction  Activily ~ Units
(kdaltons) (mg) : \
: : R I
w0, S 52 r2 85
100 X 385 0.4 013 31
50 &480 - 3.1 155 . el
. * . .- B * .
25 ‘ 285 6.4 42 . 23
".&“ ! . ’ ) ' b
IThe *heated fraction concentrate® was chromatographed as described if ..
238 B _ ‘
?Transfer'a.sé activity was determined as described in 24.1.
. % 7 ' Y
L v . \‘1_
. g ' N
i‘\¢ .
L3 ."“‘\E
+
\
y . 1
. | v

‘.‘ .



Fig 3-14: Re-chl;pnatograph of the *S-50 fraction® on a Sephacryl”
S-300 column. -

* Fractions collected at elutnon an volume of thelprotems correspondmg
7 molecplar welght a of 50 kdaltons from the first run were re-
chromatographed under sumlar conditions mentnonedim legend to Fig 3—13

‘Data shown are for one expenment and are representatwe of results

. obtained with two other exgenments . - -
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Table 3-12: Recovery of transferase activity in various e
~ = ] . fractions from Sephacryl S-309 chromatography !
. .
" ., ' . o
. Frgctlon —em s Specific oz Total
+ Moliweight Umts/Fractlon2 ! Protein/Fraction Activity . Units
_(kdaltons) o s {mg)
« 200 - . 21 0.2 105 . 5
) ' o ' - . _ ' / . C
1000 138 0.3 480 . 3l
o80T D242 S % 201 55
Voo, 9% 40 “. 06, 66 9
' IThe fraction corresponding to 50 kdaltons recovered from the first - ‘,
Sephacryl 5-300 chromatography step : was used : -
2Transferase activity was determmél as descnbed in 2.4, l
L &
Y . e
"
' .
¥ : “ ' -
—— "‘ ! 4 ®
7 . [
. Lﬂ N
! . - -« N - "
» . ‘ '
’ LN
vy,
4, -
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“The elutlon proflle for protein and enzyme activity on re-chromatography of
the I'racf* corresponding to 50 kdaltons rgpovered from the first Sephacryl S-300
cl_)romal,ograp_hy step is shown in Fig 3-1!4 The specific’ activities obtained in )
different fractions are reported in Table 3-12. It is apparent from Fig 3-14 and
Table 3-12 t.hal. a redrstnbutlon of protein and enzyme activity between 25-200

“ . « T

' .
- - -

kdaltons has ocurred
: 1

General dlscussmn Dlstnbutlon of transferase actmty by gel permeatlon

[ 4

B ohromatography ‘-'.:«.-.‘-f

The molecular werght ol rat lwer catbepsm C was determined by gel ‘
filtration and reported to be-around 200, kdaltons (McDonald et al., 1969a). ‘
.bovine - spleen enzyme showed' a . molecular weight of ' 197,000 . . oy ’

. ultrncenl.rifugation analysis (Metrione et al., 197'67 .

In'this study the molecular weight for squld cathepsin-C was determmed b) :
gel ‘petmeation chromatography. The 'heated l'ractlén' of the squrd enzyme ‘
~prepartlon gave. four peaks of enzyme activity between 25-200 kdaltons The
l'mdmg that the translerase activity of aquid extract is dlsmbuted in fractlons
. corresponding to 200, 100, 50 and 25 kdaltcns is consistent w1th 1ts(occuren€e as 2
‘subunit- enzyme in vanoks states of dissociation. However in th'rs study bovine
‘ cathepsm C (unheated) gave a slngle peak of enzyme actmty correspondmg to '
" 200 kdaltonS\‘ . - : " .

Y .. - .

ll' an equlllbnum exrsts between the monomer and polymer form ol‘ squid
‘ "'cathepsm C,andifa substantlal .amount of monomer exists at all tlmes exclusron
| chromatography mlght reveal drfferent srze fractions of the enzyme Any -
' parucular fraction of active matennl collected from thrs column should agam gwe
‘the ongmal sige dlstnbutlon of active unlts. Thls expenment was conducted on a.
Sephacryl S-300 column usmg the 'heated l‘ractlon' o.l‘ the cnzyme preparauon .
Four peaks of actmty were eluted t?t volumes correspbndmg to the elution
.v01umes of prot‘eing of molecular weights QQO, 100, 50 and 25 kdaltons. - g y -,.';f



Alternative interpretations of these data include:

i) That, the molecular weight of the enzyme is 25 !tdaltons and under the

‘conditions of gel .permeation"chromntogrephy,: this enzyme may be associated with

variOushproteins and thus fractionate as a higher molecular weight:'species. :

i) That, under the condmons of gel permeat\on chromatography, the

‘ @zyme wnh\a molecular werg)‘t of 200 kdaltons may be degraded to smallet

actwe molecular weight species. - _ : .o

-7

iii) That, there are several distinct ehzymes with similar activities out of
different molecular weights. e - o .
| N
On reloadlng the 50 kdaltons protein l'ractron with cathepsin C activity,
several peaks of activity correspondmg to the molecular weights 25, 50, 100 and
200 kdaltons were obtained. The enzyme activity peaks were always distinetly
associated with protein fractions that’ correspond to 25 kdatons or a simple
muitiple thereof. ‘This would argue again/st; the alternate p(;bsib_ijifiics given above.
Upon re;-chroma'tography. of the 50 kdaitors peak on the sa'rnc cdlt}mn. a
redistribution of activity in all four fractions was obServed 'The data thus
suggests that - tl*e 50 kdaltons fraction can assoclate to form tetramers and
octomers, and dlssocmte to form monomers. Further stuties employing other
experimental techmques would be’ necessary to prove this. ' ?
N "f:he suggesgion that: the protein in the *heated fraction® is Erguly composed
of a 25 %daltons component is .supported by SDS-gel elcctrophor(-sls (hg 3-3).
The other :ma]or component of this fractlon had a molecular weight of 62,000 and

«. would appeag to be a contammant of the cathepsin.C preparatlon

+
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3.8.4. Effect of Triton X-100 treatment

The effect of Triton X-100 treatment on the “heated fraction® of squid
'cathepsin C preparation was mvest!gated as described under 2.10.1 and the results
are reported in Table 3-13 It is apparent {rom Table 3-13, that treatment wrtl!' i

. Triton X-lOO resulte¢ in about 3 47% decrease in transferase actrvrty and a 58

increase in hydrolate actrvrty lt is also.apparent that transferase/hydrolase ratro- .

decreased from 0.54 to 0. 198sa result of detergent treatment

The effect of Tnton X-lOO treatment&r bovine spleen cathepsm C was
‘studied as descrrbed under 2.10.2 and the results obtained are reported in Table
3-14 and 3-15. It is apparent from Table 3-14, that Triton X-100 {reatment of

bovine cathepsin C resulted in a decrease in transferase activity and a,

“concomitant increase in hydrolase activity, This-n’r"es'nlted in § change in the

trensferase/hydrolase ratio from 0.68 to 0.31. ‘

/
As(shown in thl;l/ea_-lﬁ approxlmately 50% of the activity assoclated with

bovme bathepsm C pern}eated through a XM50A membrane in the presence of
l/ch riton X-100, wherea.s none of the activity permeated the membrane withbut

’.Tnton treatment. _,These results indicate that Triton X-100 treatment caused

dissociation of the nati ‘e protein into subunits of 50 kdaltons or less. .
General discussion:Effect of Triton treatment.

Ohgomenc enzymes are usually disseciated mto subunrts by treatment with
denaturatlng agent such as extremes of PH, temperature, orgamc solvents,
detergents and chaotroprc agents such as guanidine hydrochlorrde and -urea
(Tanford 1968 1970) The forces involved i in the assocratron of the subumts are

vthus of the weak, non-cd‘valent type, whlch are involved in the folded stucture of

a polypeplide cham, that is, hydrogen bonds, electrostatrc forces, Van der Waals
‘forces. and hydrophobrc forces (Pnce and Stevens, 1982).

S Negatiyely‘_charged detergents such as SDS frequently cnnse 'dissocletion of .
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Table 3-N3: Effect of Triton X-100 treatment on
ferase and hydrolase activity of squid

cathepsin ¢!

—

P

~ Samiples* Transferase  Hydrolase Trdns[era.sé/!Hydrolase‘ o

ltn

(Total units) ;/matio‘}
A Y

Control ' 313 ' 580 0.54
Triton X-100 ' ' .
““treated(198) 170 015 0.19

YThe *heated fraction® of the enzyme preparation was used, methods 2.10.1.

2All assays were performed as described in 2.4.1. and 2.4.2.; average of

: f two analyses. For experimental details refer to 2.10.1.

\\J ‘ ) - e

¥
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. . Table 3-14:  Effect of Triton X-100 treatment-on °
'y i transferase and hydrolase activity of bovine
\_‘ e . . f . . cathepsin C!
- ” — R — . 2
. _ . : o i L . . - .
4. ‘Samples Transferase -Hydrolase Transfenasg‘/Hydrolase o
RV ' (Total.units)? - ~"(Ratio)
-‘\.".r“{“.é."‘ ) s =
N R ° - ./. T [
Control. & 736 1083 - ' . 0.8
- ) . . ~ v
' | Triton X- 100 .
* treated(1%) 544 | 1758 - 0.31
' For experimental delails refer to 2.10.2. . -~ i .
2A1 aséag's were perfoﬂ"\ed as described in 2.4.1. and 2.4.2.; average
of two analyses. / o L e
] . : N ‘
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Table 3-16: Ultraliltration of bovine cathepsin C hefore’ . - -t
~ ~3nd after treatment with Triton X-100! ' . !
e 2 . - - C a'—‘
Samples -_Trans[erase Hyd rolase ‘Transferase/Hydrolase, . . \
(Total umts)" ~ (Ratio) = ' - T
- .Control , - . \ ‘ ~t A
. ;. -_ . . " . . . , . . .o . . ‘/
(without Triton) - 738 1083 .. ‘068 ; S R
. - . . :
Retentate 640 064 6.66 " _ _
\ N . R v .- . * *
Filtrate 0 0 i .0 . C /
4 ' . D
Treated . . : ’ ¢
‘ a ’ ' . - - ‘. <L )
(1%Triton) 7 D4 1758 . 0.31 . . o %
. Retentate 221 -’ 980 023 >
- v ‘ : ‘ o ' .
Filirate 150 724 : 023 ° e\ e Y
. S A e

Y ? : T \-—~
. ’ "

por experimental details refeér to 2 102,

2All assays were performed as descnbed in 2.4.1, and 2.4.2.; A ‘- '
average of two analyses. _ S ‘ - . f‘..\"ﬂ
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Proteins m!,o subunits and denaturanon ol‘ the mdlvldual polypeptide. cham-.
Posntwely charged .detergents (eg cetyl trimethyl ammonium bromldo) and
neutral detergents (e.g.Triton X-100; isooctoylphenoxypolyethoxy ethanol) have
also been used to di;srupt proteins, and to solublize proteins from membrane and

other structural components. )

_ The *heated fraction® of: squid cathepsit. C was used to ‘stud_v the influence

of Triton X-IOO on enzyme activity. . The crude -preparation was used in this

study due to the non-availibility of large quanutles of purified preparation. The
enzyme preparatnorn was incubated wnth 1% Triton X-100 for 1 h at 0°C.
Addition of Triton X-100 to the enzyme preparatxon reduced the transforase

K o actl\lty, wéereas the hydrolase Aactivity. was mcreased Three alternatlvv

.explanation(s this response are: i) Triton X-IOO selectwely mhlbxtea‘trnnsfernso
activity ..ﬁnd\actlvated the hydrolase actmty\of cathepsin C Iludependent of
subunit dissociation, or ii) Triton X-100 trea'tmerilzr"esulted in the dissociation of
the enzyme into subufits which are more aciive iﬁ catalyzing the hydrolyijc

reaction and le tive in catalyzing the transferase reattion than the assaciated

enzyme, iii) the transferase and the hydrolase activity of the squid enzyme
ed by different enzymes which respond differently to
Triton X-100. . —

-

"To distinguish between al.tern_;xiives i,;_ii and iii a similar study was also
carried out with pure bovine spleen cathe']')'s‘i:n *C. Interestingly, a-similar effect pl'
Triton X-100 treatment on the bovifie enzyme was o'bserved. This is consistent
with"“ﬁ‘n-xin_tgrprettl\tion such as i or\' ii, which assumes thai onl}"one enzyme is
being el'f;:cted'by Triton X-100 . M‘breover, part of the Triton X-100 treated
bovine cathepsiE‘C‘penetrated a XM50A membrane indicating that Triton X-100
treatment regl:ltedl in a partial dissociation of the enzyme. This observation
supports the explaination ii, although the experimental design is suc]; that it is not
possible to conclude that Triton X-100 inhib‘ition ‘of transferase activity and

activation of hydrolase activity is"a direct result of subunit dissociation.

[

i
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3.8.5. Effect of urea treatment
. * .

The effeét of urea treatment on the *heated fractipn® of squid cathepsin C
was investigated as described under 2.11.1 and results are reported in Table 3-16.
It is apparent from Table 3-16, that ;;fetreatment of the enzyme with 2M urea
resulted inia decrease in both transferase and hydrolase activities. The loss of
transferase actlvny was greater than that of hydrolase and this resulted in a
decreased transferase/hydrolasa ratio. The ratio of activities after urea treatment

was similar to that observed for the detergent-treated enzyme. It was also

observed that 2M urea caused a decrease in the size of the I'ractlon _containing .
. enzyme activity, as shown by the recovery of all the hydrolase actmty in the

filtrate of an XM50A membrane. The flltrate, containing dissociated cathepsm C ‘

~had a much lower transf erase/hydrolase ratio than dld the rétentate.

L]
r

The el’fect of urea treatment on bovme spleen cathepsin C )studied as

_ descnbed under 2.11.2 and the results obtam /d/a/ te reported in Table 3-17. Urea

treatment ol' bovine cathepkm C resulted in similar decreases in transferase and

hydrolase activities as was observed for the squid enzyme. It is also apparent
from Table 3-17, that about-a 50% decrease in the transferase/hydrolase ratio
was observed. As shown in Table 3-17, ultrafiltration of the urea treated sample
throy'_gh a XMS50A membrane resulted in recovery of most of the hydrolase
aclivity in the filtrate and about two thlrds of the transl‘erase actMy in the

retentaté

General discussion:Effect of irea treatment. s

-
e

A

Urea has been used extensively as a denaturating agent for proteins and it is

known that- high coi{centrations of the reagent cause unfolding of proteins.

A

Proteins of -multiple_subunits are likely to be separated into their constituent

.polyp.eptide chains (Tanford, 1968, 1970).

~

It has b(een suggested that the ;Im_lymerase activity of cathepsin € ay



#

Tabie 3-16: Effect of urea treatment on squid cathepsin C"x?,._

T

Samples Transferase Hydrolase Transferasg/Hydrolase
(Total units)* (Ratio)

Control 337 516 0.65, @ ;
. Urea treated 112 375 0.29
 Ultrafiltration '

Urea treated (

filtrate 31 109§\ 003

_ D
~ " .. Lo B
: r . ’
Urea ttj(?ated | | | A U -
retentate 47, ‘o o0

' IFor experimental details refer to 2.11.1.

2A11 assays were performed as described in 2.4.1. and 2.4.2,; ﬁverage ,

of two analyses.
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Table 3-17"’Eﬂect of urea treatment on bovme
« o catb‘:psm cl . L
, Samples " Transferase Hydrolase + Transferase/Hydrolase
(Total units)? (Ratio)
TSJ ’ ’ \ : t
“Control 736 1083 0.68
i 5 Urea treated \\ 267 . 785 - 0.34
Ultrafiltration
Urea treated Lo — \ .
) fitrate o e 0 mees T Loees v
Urea treated i
_retentate 221 0 . oo | o
| R ’ ' - . . n"

For experimental details refer to 2.11.2. ‘
Q'All assays were performed as descnbed in 2.4.1. and 2.4. 2 average S

of two an\lyses . \ . . ' :

0} a v *
e &
XY ! ' ' -
- » \ ) - -
[
- g -~
“.
] v .
/ _/
' 7 ” . ‘\
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] involve uié cooperative interagtion of catalytic centers on adjacent subunits of the ! -
natwe enzyme (Wurz et al., 62 Metrione et al., 1066). Heinrich- and Fruion -
(1968) reported that the rate of hydrolysxs of Ala-Ala- NHn by bovine spleen

— . cathepsin C was increased, when 2M urea was present in the reactlon mixture.

3 i ; On the other .hand the percentage. of reacted substrate which was
\ : polymerrzed was decreased. Therefore, these results led the authors to suggest -

that an 1nd1v1dual subunit may be responsnble for catalyzmg the hydrolysn of .

L ]

. X substrate while a cooperatﬂe"ﬁon of more than one subunlt may be required for

gglymraseactmty . aeoe IR o

: . . .
[ —

Prevxous studies demonstrated -that ln the presence ol' 2M urea, bqvine ,

spleen cathepsin C dissociates. rapldly into. a l'orm havmg a sedlmentatlon

=A%

'coefflclent of .56 S corresponding to a molecular welg\ht “of. about 100 _JQQ(L
(Metrione et al., 1970} He'Wéver ‘the data on the relatlve l'ormatlon of the

f , 'prpducts of hydrolysis and polymenzatlon under ‘that condition were not given.
14’_",” ) 7 . ‘ -- - Y “.‘ .

<
-

In the present study experiments were performed to analyse the effect of 2M
. . urea on: She ultrahltratmn behavxor of cathepsm C. The data obtained for squid
cathepsm C-aré- genere]ly consnstent w1th thosevhteh”were obtained for boviie —X

-

-enzyme . - ’ o ‘ .
2 - ‘ ' '

e _ | A possrble lnterpretatlon of experlmental results obtamed by this study is as - ’

I

follows . - . .

..
- k N

Treatment of the enzyme with urea resulted in dissociation of an ‘octomer B
; into tetramers and this was accompamed bv some loss of enzyme actmty : o
' Ultrafiltration of the enzyme in the presence ol' 2M urea at .30 psn resulted in thew ‘ |
further dlssocmtron of tetrarfiers | to dimers and ‘monomers. The dissociated forms

of the _enzyme were more active in hydrolytlc reactlons, and therefore a Iarge' .
decrease in transl‘erase/ hydrolase ratro was observed in the nRt‘e On the other '
hand, the retentate obtained after urea treatment showed an increase in the

. e transl’erase/hy(lro’lg,se ratio suggesting that this represents undlssoemtted enzyme.

©

-

. . * T
R s ) . o
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Metrione et al. (1970) studied the diSsociation of bovine spleen cathepsin

'C In the presence of a low concentrationy of guamdmmm chloride, the enzyme

rapidly dissociated into tetramers of molecular weight near 100 kdaltons. Further

S

dissociation occurred. wrth ‘time or with ‘higher concentratron of guamdlnmm -

- chloride, . suggesting that the bmd\ggwblch holds the tetramer together . i§

relatively strong. A’ similaF concentratlon-dependent dissociation of bovine

" cathepsin C'- was observed when the enzyme  was treated with different

concentrations of urea (Metrione'ét' al., 1970).

L] \

-

~

3 8.8. Interpretaﬁon of studies relating subunlt ussoelation and -

3

dlssoclutlon to hydrolsse and transferase reactions oo ' —

-

The st‘udiesv described in'gection' 3.8.1- 3‘8 5 in{iicate that h‘eat'treatment ,

detergent arid urea each cause dlssoclatlon of cathepsin C and a corrbspondmg

l decrea.se in-the ratio of rates of the transferase and hydrolase reactions wlth the

" substrate and reaction—conditions employed. It is possible that the observed

and further studies employing otlrer substrates and reactions conditions will“be

necessary to determme whether the hydrolytic and transferase reactlons are

results are a reflection of the particular reaction conditions chosen for this study -

generally affected by dissociation of the enzyme.
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o Chapter 4
CONCLUSI'ON AND SUGGESTIONS

L] nd . ‘.
The present: 'stud'y clearly demonstrates the existance oIT a dipep’tsidyl

ammopeptldasel (cathepsxn C) in the hepatopancreas of snnid and the similarity

. of the enzyme from sqmd to that.from. mammalian sources. The id ntifivation of,

cathepsin C is based on : (l)ﬁ ablllty to catalyze a transferas ; \
Gly—Phe-NH and 2 hydrolase reaction wnh Gly-Phe—N er-Tyr-NA at_pH
optlma of 7 and 8, respectwely, (2) the Cl’ ion andesulfhydryl actlvatlon the

: enzyme, (3) its inhibition by known inhibitors of° cathepsin C and (4) the

appargnt existence of‘a 25 kdaltons subunit which forms associated complexes of

+ 50, 100 and 200 kdaltons.

7 \f.ﬁ o O : ——

¢t ?’5

The behavior of ‘E@lﬁl_c‘a‘thepsin C dnd bovine cathepsin C on gel filtration
columns differed. Whereas bovine - spleen cathepsm C gave a single peak for
protein eorrespondmg to the elution peak of a protem of 200 kdaltons and

transferase activity, multlple peaks for enzyme activity were obtamed 10 the range

" of 200 to 25 kdaltons, when a "heat-treated® preparatlon of squid cathepsm C

wmhromatographed It is possnble that heat treatment caused dissociation of the

squid enzyme ' e , . .

Various experimental approaches ean be 'used to-follow thﬁ;soeiation and
reassociation behavior ol' an oligomeric subumt protem \'i‘hese include
hydrodynamic methods such as v1scosnty and sedtmentatlon coemment
determination; spectroscoplc methods (absorpuon and fluoresencef; clrculal‘ ‘

!

dlchrmsm, optlcal rotatlon and NMR (Jaemcke, 1979)., © —



S .
In the present study -the dissociation-and reassociation of cathepsin C in
. relation to its catalytic function as a transferase and hydrolase were studied by -
v . * the ultrafiltration behavior of the enzyme folloWing heat treatment or exposure to
detergent or ure: A.lthough the penetratmn of enzyme through a XMSOA
'memhrgne is good mdncator ot dissociation of the protem into subumts it is
possible that reassociation occured dunng assay, and thxs poses limitations on .the ‘
mt.erRretatlon of the results obtained m/tﬁls study N
/ -

It\wnll be necessary to obtmn more definitive expenmental daw the

kinetics bf dissociationeand reassoclanon of the pure enzyme, in order to venfy

the. conclnsxon that there is a relatlonshlp between the structure and function of--

N
-

'/, : the enzyme, .

»

fLX. S0

: [ ' :
Other éxperimental approaches can be taken to resolve this enigma. For

,example lmmqbl},lzatxon of cathepsin C subunits to an lnsoluble matrix can be
used to study the relationship between the enzyme activity and states of

- dissociation and reassociation. .-

’Ir /‘l’- ’ - )
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