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For this study E cu'(turas of P, fluorescens were

other pruteases were

' : also maxmaﬁy actlve af. nentral pH.' A'll of. 'the proteises te

u\vestlgated retamed considerable act\vity after a heat \‘ P

exp\osure of ten minutes at 100°C. "The 120 protease was .

staMe over-a w1de range of pH (5. <9.0) when stored at 10‘5c

far f\uur days.' AH of the’ prn;eases were faund to be i f‘

actiLL_v__a,nn_,_Lﬁ
- were xnactivated sl ghtly hy sulfhydry'l reagem.s. The

metal oprnteuses requ\r(ng d{valent cations

i E
" s,ynthasu gfvall pruteases by the bacteria was\' stimulated by ) i
: addition bf milk to the growth medlum. The prntease :
ac‘tl(vity' of all lsa]atas began to |ncrease in early
169ari£hgﬁic»pﬁase ‘and cunti_nued o !n_crease i late |
i . statfonary:phase, and then Sggan to decline. "The prnt‘eases
from various 'isolatevs_v_tere“ found- to ﬁa'ss_‘_ess similar.
apt{’genic.determinnnts. Each bacterial culture produced

only one extrgce"llujar protéasea : L4 . N
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INTRODUCTION

ghe:general’ advancement of mnrje‘n scie’nce and
.te‘&hn‘nlogy h-i's _had 1r.s in_pa'et'ov_n‘the dairy ﬁnﬁugtry and’
tnere 'has h‘een a zemiency in the dalry industry towards
\arger farls producing ¥k quantines of nilk. This
transltmn has been associated uith the requirement for
storage of milk for lunger periods of time.: Wilk is ‘i‘ /
genefal]yfstoredu at cold temperatures. -This storage of milk
includes the storagg at the farm.jn transport. at the
prucessing lant, (‘1 the supernark‘et and 1n the cansumer s
househuld. K{n ally- z)he time, period from the mi'lk s

prnduction at the dﬂry farm till 1ts consunptlnn may extend

_upto 22 days (1).

The prlctice of ccold storage uf mlk for extended
periods hefore 1ts processing- has resulted in the problem of
lalnnming the shelf life uf milk held at tenperatures
close fo 09C. Milk suppnes a.rich"environment for the
groutr‘f the psychrotrophic organisns and productlnn of -
the1r extracellular enzymes. Henc\, these. mcrnorgamsms \
have considerable spollage ‘potential. If ﬂlo-ed to _.
multiply they may effect the qualtty of the mHk and other

dairy products. .Therefore, precagnnnary measqres myst- be)

taken to’control "theirsgrowth. . For this we require a betperc...

understand}mg of ' the psychrotrophs and their enzymes. " This

" involves s:udying the biochemical characteristics of the

LR
T
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y extracellular enzymes as well as the study of the conditibns

under which these enzymes are produced(1,2).  *

In this study the biochemical characteristics of the

ex}raée]lu]an proteases secreted from some }iychrutrophic

Pseudomonas fluorescens 'strains isolateéd previously in' this:

laboratory from raw milk samples were inyestigated. The
unqerstanding o>f the properties of these proteases not only
may lead us to a better .knowledge of th& Spoilage of milk
and .other daiwy pr‘adu‘cts but it may also broaden our.state
“of knowledge with réespect to \'/ariousuas‘pects of
extracellular proteoTytic enzymes: A few reports available
in Hterature on extrac‘enular prntease§ from psy’:hrotrophﬂ
pseudomnnads deal mamly with their pruperhes, such as heat =
stability in cons|derah1e deta\l and very few_ repurts are
available on purification 'and’character‘ization af these
proteases. Hence these investigations were‘un;ertaken with
the main cbj‘ecﬁ/ve of chkracterizatiun of ‘some of the
proteases in‘'detai so as to 1ncrease our- know’]edge of- the

bwchemca’l prupert{ﬁ\thase proteases.: '




* - REVIEW OF LITERATURE ) .

1. Psychrotrophs

a) Definition )
N The definition.of microorganisms capable of growth - T «
close to 0°c, has been an intriguing problem'since 1887 when

/ Forster first observed bacterial growth at 0° (1). On the

.Masis of their cardinal temperatures the bacteria are:

generally divided intq three classes namély: thermaphiles,
i & :

mesophiles and psychrophiles. The thermophiles grow best at

. ‘ temperatures between 45° and 60°C, and the mesophiles grow,

: st within a temperature range ‘of 25-40°C (3). séni)m- !

e Nw)son (1) first coined the term psychrnphlle , derived
rom the “Greek words 'Psychros' which means :o]d, and
“philos' B which means loving, vmpl_y!ng that these organisms _
grow better .at low tempera;_ures. The terms ti\erﬁncpﬂiles and
mesophiles very ‘:leyrl_y assign the mic'roorganisms_tu one of o
these classes depending updn their optimum growth
temperétures. However, the definition of psychrob_h(l(c

microorganisms is not as simple since various investigators

have ‘defined ;:sy:hroph_ﬂes u.s\‘n?uny different criteria
including: a) optimum growth femperatuges b) ability to

grow at lou i:eu'nperature. c) the method of enumeratian, and L

d) . cr1ter(a which are indepehdent of temperature (2). Th&

finding-that bacteria defined as psychrophiles did not have T

optimum growth at or close to 0°C led many tnvestigitors to . i



propose several other terms including:’ Glacialvbakterleq
(4), thévspecies_name Psychrocqrterjén ?5). Psychrotoleran
(6), Eurythermic (7) and Thermophobe'(8). Hutker (9)
divided bacteria capable of grouth at Tow tempegatures into
tHo ‘categaries, obligate and FatuEative psychrophiles. » The
former could grow at 0°C but not at 32°C, while the latter
could grow at 0°C as well as 32°C. - Ingraham and Stokes (10,
11) defined PSyChTUphl]eS as organisms capable of rap\d
growth at 0°C w‘lt‘hin two weeks- and the term rapid growth
implied a vlslble coluny nn a solid medlum or a turb1d1ty in

a 11Lquld medium visible to the naked\gye. Eddy (12) favo_red

the use of the Lx psychrutrupnib far‘ m1cv‘uurqanism‘s el
th at

“a, . C g .
capable of growt 59C and be]ow, without mentiom‘ng their

optimum-temperature. Tt was further pointed out that

‘bacterla should. not be c]asslfled on the basis of their

reacf}ons to twa temperatures 1yiqg as far 1part as the
mirn';num and opt'im'uq! temperatures usually aré; and )
psychroph\‘]e‘s should be defined ‘according to.optimum
temperature (13). 2 ’

The d'ffIcn]t(es encountered in’ dehnlng these
microorganisms led many investigators o make use of
properties other than temperatures. The piy'ci;ruphﬁles were
implied tq possess the follmnng characterlstlcs' Gram,
Jegative rods, aspn(nﬂknous,resistant to penicillin; nonz
acid forming, motile aﬁy resistant to basic dyes, etci (2).
Although many psychrophiles do possess the above \
character1stics therenﬂrE some - exneytlons Not ail uf
these organisms are .gram negative rods; sporeforming

'
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bacteria of the Bacillus species are also found to grow at
low temperatures (14). - \
It is apparent that there is a clear distinction A

between psychrophiles and psychrotrophs. As far as

. industrial application is concerned, the term p§ychrotrdph

is used more often since this term defines these organisms
in such-a wnj which has direct app]icati’un to the. dairy .
industry. Keeping these facts'in mind, the definition.given
by Eddy (12) seems ro serve ‘the purpose of defining these
organisms in ‘g practical way. The term psychrntroph, in the
dairy |ndustry nefers to Lhuse organ\sms which are
mesophilic by nature, but are able to adapt and’ become
act\ve durlng refrigerated storage of raw and pasteurued

milk. The psychrotrophic. species found in mﬂk grow over a

“wide range of temperatures. Growth “slows nohceah'ly at the.

extremes, Cuunts magé following imcubation temperature of

3% or- 35° are significantly Yower “than those made

* following incubation at 5 or 320 respectively (15).

- bf Psychrotruph]c micronrganism
’ Psychrotrophf are: found”almdst everywheré in nature and
ma& include bacteria,\-_yeas'{s and mo}ds (16).‘ However, [the

majority of investigations ‘have been mainly concerned With

$ "bacteri-;. The different types. of psychrotrophic bactéria

. that have been 1sutated include gram negative as welll as




cocci or vibrios (1). Characteristics that have been used

“to identify psychrotrophic isolates iﬁclude: Vgr'an_n reaction,

cell. shape, motdlity, oxidative Fermgntation of .

car‘bohy}ir&tes by Hugh-Liefson methods, production of ”am’monia
|

from ardjnine, arginine reactmn according to Kovac's test,

hpo]ysls, protenﬂysl\s and actwn on 'I\tmus milk (17). Most
of the psychrotrovhlc hactern isolated frum milk and dalry

pruducts lare gram negatwe and belong to sucn genera as

Achromobacter, Aeromonas, lcahgenes, Chromobacterium,

C!trobacter. Cytophaga, Er;‘??vffacterL Escherichia,’

F]avuhacterlum, Klebsiella, Pseudomonas, Serratia and Vibrio

(1). However, the genus Pseudomonas is most cummun not on]y

in-milk and other dniry products but also m.meats. f|sh and - *
eggs (2).-

Gram pos e psychrotrophic bacteria have also been

isq1ated frqm ;Ik, however, they are present 1n smalber
numbers than gram negative bacteria.(1). “The gran positive
genera commonly encuum.ered in mHk and other dairy produ

include: Arthrobatter Baciﬂus, C]ustr1d1um.

Corynebacterium, Lactobaclllus, M1cro¢occus, M1crobacter1um

Sarcina, S‘tﬁphylococcus and Streptococcus. The species of

M\crncnccus, Bacillus and Arthrnbacter are most common among

this group. * " The isolation of gram pnsnwe bacteria i< of

sermus ‘concern .as some of these urganisms can” form spores

which survive the heat treatments given to g)e product ands

maydcause spoilage | uf these. products on.su sequsnt storage.

Cha_ng and Canon (18) investigated the characteristics ff .
. e N . .




psychrotrophic sporeforming bacteria isolated from .raw milk

and observed that some of the milk samples ‘contained 2-900 ',

. ,'\“ spores per ml. These sporeforming bacteria were found to be

sp'ec)(es‘ of Bacillus and had a lag .phase of 8-14 days,

in laboratory pasteurize}i milk (19). 2
Psychrotrophic yeast and molds do not ‘present ‘a major

problem to the dairy industry. Nevertheless, species of

Candida, Saccharomycess, Rhnddt\omnﬂa, Torulopsis,

"‘Irichosporon, Aspergillus, Cladosportym, Geotrichun:and

Penlcﬂ'lwm have often been associated ‘with spoilage of milk

and other daxry products. (1). o B

¢) Biochemical Changes: . .
N > - '
* —— The growth and activity of psychrotrophic

microorganisms ip dairy products at low temperature causes

raie. For example biochemical changes such as fermentatwn
of carbohydrates with ,acid and gas productinn, proteolysis
and lipolysis causlng‘h(tter taste and off flavors 1n milk
may require many months incubation (11). Tnerefare,

apparent signs of spoilage of food are dependent u)znn the

storage tme of these products. Other bmcnennca] cl\anges.v
such as' hydrolysis of urea and starch and rednqtlon,pf
n}trate to nitrite may take place at a slow rate (11).
Lipolysis and proteolysis are the major gguses of spoilage

Bacillus species were gJso the most, common.bacteria isolated

biochemical cnéngesﬁ'nﬁhe”productsfﬂthough' at a very slow -




(off flayors in cream (21). The lipases produced by

of milk and éther dair‘y products stored at low temperatu‘res

and result in a number -of guality problems (1, 15, 20). \

g e . . w T e
i) "Lipolysis

Many psychrotrophic chtéria ‘ﬁl;oduce lipases in amounts
sufficient to cause off flavors in milk and other dairy -
products. Many of these hpases are found to ba heat

resistant and cannat be destrn_yed co\Mete]y by nurmal hea: -
treatments gtven to these vroducts (21

TI/;!H (22)
repurted that'a heat Lreatment at 150°C was requa‘red to

mact_ivate ‘al.lipase in milk. The development of off flavors

J1[\ m\'!k’ 15‘"\15ually due to the hydrolysis of milk fats.
suhren (23) ob‘sev_‘ved that about. 20% of 200 pastéurized mi Tk
samples developed free fatty acids in amounts sufficient
enough to be called rinc@. Some of the psychrotrophs
produce phospholipases-as well as lipases and cause the

release of fats' from micelles followed by theéir-hydrolysis

(24). Phospholipase C, & pnuspnouiesce?;a was found to be
d cephalin mth \j
suhsequent re’lease of pnosphorylcho'“ne and

responsible for hydralysis of 1em‘th(n
phnsphorylethano]ﬁmine‘frum these phospholipids, causing the

Pseudomonas species; P. fluorescens L putida and P. fragi

and spec{es .of Aginetobacter, Aeromonas and Hydrophilia wére

“foind to be Wholly or partially active after a heat-exposure .

at 63°- for 30 minutes. Mgreover two.strains further tested

i ‘/

& 8 -




! & % 1] i >

.. for their heat skabiﬂity by a heat treatment of 10 minutes
|
at 100°c, retaine\d 20:25% of their activity X25).

1 ' R % | 3
. § . i) Proteolysis: =
|

e . . Proteolysis T‘ caseing and whey proteins, by
.. . extracellular enzypes produced by .psychrotrophic ¥ o

microorganisms is ?ne of the major causes .of milk spgilage. o
|

:Proteﬂysis»rersmt in release of. various nitro
compounds, such as samlnc ‘acids, peptides. and pfoteoses and

‘peptoﬁes cfusing -off flavors in milk and other\dairy

e products. Many of these prqt‘eolytic"er?vym;s are heat stable

an‘d _activ,e at refrigeratioﬁ temperazur‘es. ;}e ‘tempe'r‘a'tures .
at ‘which nilk and iher dairy products are Sererally stored

i T, TN \ ; Lo '

. . -
. .~ 2. Heat Stable Praté‘ase -4 -

Many psychrottap“hic gram'negative rods including the

o ¥ " species of genus Pstud s, Acinetobacter,? Aeromonas, -
Achromobatcter rEnt'e.ro‘bacter, Escherichia, Flavobacterium, °
"Xanthomonas,’ Cxt;vgh:ga and YProteus proﬂuce‘ extracellular
yro'teasés"(zo). However tnt«snzymes produced by P seudomonas

|
5 . species ‘are the best studied. / B '

) - | |
|
. }) Isolation .and purkf-cation f o
Some of the extracellular proteases from, pseudomonads H

< have been purified and characterized. Morihara (26), using

L i a-combination of ammonium su1fit_e, a}:etnne_ precipitation and




| - .

| ' ’ ¥

i chromatography on a DEAE Cellulose gulumn separated the

| culture medium of P. aerug‘inosa into three fractians.

‘; ' lcunta\'n\'ng a neutral, semialkaVime fand a_'lkaline protease.

“ The semialkaline fraction was ¢rystallized and was found tol

- be an elastase with a molecular weiyht 4f 38,000. Peterson
and Gundersgh (27) separated dialysed culture hedium of P.
fluorescens into two pr/oteol‘ync_fractlnn& The pH and

[ temperature optimun of. these two fractions led them to

suggest tfat more than one extrace]lular protease is

pruduced by P. fluorescens. he extracellular proteo]yhc

enzyme produced by 2. fluorescens strain R-12° was purified,
by -gel filtration and/i’nn exchange chromatography (28). Tﬁé
anllecular weight ;:f this enzyme was estimated:hy gel - 2
filtration and was found to be 37,000, The molecular weight
of a protease from P fluorescens strain AR-11 was foufd to
be 38, 00 as determined by gel filtration (29). However,
,‘the mnlechlar we1ght of prutease produced by P. fluoFescens
strain P-26 was found to be quite different from that of the
above two strains (30) This enzyme had a molecular we1ght~
“of only 23,000 and wgs purified to homogeniety by ammonium
sulfate precipitation and gel fi]tra‘ﬂbn. Interstrain
variation in the properties of prptease frem'pseudnmon_ds was
demonstrated by Richardsog and Whaitii (31)." Most of the

F psychrotrophic strains. produced oné protease With an »

5 { * electrophoretic. mobility between 0.15 to 0.22. However, one
strain produced two proteases, which differed in their -
] . electrophoretic mobility (0.17 and 0.30 respectively). A 60



fold purification of P. Frag‘i protease was achieved by a

combination ,of ammonium sulfate precipitation, @

chromatography on Bio-gel p-100 and DEAE\Cellulose (32).
€ . :
This-,enyme was purified to homogeniety as revealed by -gel

electrophoresis in the presence of sodiun dodecyl sulfate

The molegular weight was eshmated to he 50,000 by
s
sodszi electrophoresis and 40, 000 by gel Filtration. A

~
ser1ne protease from'p maltoghlm was parually pum fied

. by amménium sulfate precipitation, gel m:ranon and don

exchange chrbmatagraphy. This .enzyme'haﬂ a‘molecular weight
cf 35,000 and an isoelectric point of 9.3. %Ms partially
purified enzyme when run din gel e]ectruphuresis,,.shwed 5
minor pro.tem band immediately fu]]owing the enzyme protein
band. '~ The increase in staining uf this I;and Kﬂ.h*!unger
perlud of storage of eniyme led Boethling (33)'to suggesc

that the enzyme uas subject to autmhgesnun.

hl .PH and temperature optimum K

The psychrotm(p\hmeeHuv]ar prut'eas'es are active
g{ver a wide rangé of pH and temperatures. Some of these
proteases are optimally active in the neutra tn-alk;line
region. . Moreover, some of these proteasgs‘ remain actvive at
a temperature as low as'0°C. The prnt;eas'e; produced by
various psychrotrophic pseudomunad!" whose‘tenperature
optinum was found to be 40°C,‘shene:i different pi optima at
two temperatures (34). AltMough the pH ngtwmumwof a
protease’ from P. maltophillia wanD, it rEtatneF about 50%

.
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42 .
of its” maximurm activity at pH 6 and 12 (33), while protease %
fromP..fluorescens AR-11 with a pi optimum of 6.5, had "very ..~ . ?

little activity at pH 9 when.assayed using isoelectrically
precipitated casein (29). oOn tr;e other hand protease of:

str‘ain R-12 was almost equally activé ima pH range oé 6.5-. B
10 (is) . P. fluorescens B52 protease was also found to . °
retaip about 701_f its activity in the range of 6 to 1(; 5
(35), but Pseudomonas e 60 prutease had a pH nptimum

twe'en pH>! 7 anda (36) Altl\ough ‘the. temperature' optima_ of c '

“fluo cens strains MC 60 and BSZ were almost si mﬂar, \-,fz"

both being maximlly ‘active at a, temperature of 45°c (34," R
36) the protease of AR 11 ‘had a much Tower temperature :
optimm andfwas max}many active at about 35°C (29)

« .
c) Inhibition studies ‘ . B -

Hartlej. (37) ¢ividet the protegiytic enzynes 1nto 85 " a0
major classes based upon, thelr mechanism uf action, N The-.‘ T
classes are a) serine prnteinases h) thiol prote!nases c)
dcid proteinases ay\d d) meta] prqtn’nasas. Altnnugh some ,'

A
stugdies have been dnne on the effect of knnnn protease-

~inhibitors on psychrotraphm extracellu]a oteases o

further work is needed to tl assif,y all, knnyﬁ- psychrotrophic

pv'-ote‘ases into. ‘'one of the abové.classes. ! L g I
i) Hetal :helanng'agu‘nts', : € g
t L LU
Many of the extracellular prcteases of pseudomonaﬂs are « k\

metal\uproteases requiring divalent cations, mostly’ Ca b {

S A s P et



2+, calt or other Aivalent 'cétionf were required to

orZn

stabilﬁ'ze ~the P rag protpase (32) Tlns/ conc]uswn was
~
_ drawn ‘from the 1nvesngat10ng on inhvblﬁbd uf\the enz,yme by,

EDTA.. Thrs enzyme was cnmv]ete]y' 1nact1vated
“minutes when treated with 10 mM EDTA }n the' ab!ence of
calc]um lons‘.l The 7{yme actlvny Nas no& lusc ta a greﬂt ‘_
extent if CaClZ ‘at concentratkon of5 ‘M was added sobn )
Cafter the addi‘tim;.ni EDTA. Hawever, the st;bﬂizabion L

3 effect, of | “calcium’ was Tost,with the 1ncrease»in the t1me

foﬂow'in‘g. ad91t1on i cacl, .afte/ EDTA creatment. onu‘ln

actwity rema1ned after 60" minutes time gap. Othepr metl]

stabﬁitatwn of\enzyme actinty., . 7 oS0 8
< ThE’

fluore

1} inn:tivated when dialysed extensive'l,y against EDTA (28). LAt
a cnncentratlon of lmM, Ca”and Nn o were m|1d1y effectwe
«inithe resturatvon of the enLyme actwity. Hnuever. Zn or

Co?* were much more effectivé’ 5o cuncentratlon of

Z*\and co2t restored. the enzyme ,actlvn:y to almost x1001 of
the 1"1“61 _Eckivity. Further ey, dence of |nvn'|vement af/—/
2+ -

an+ or (o for protease actwﬂ

prnvmded b,y

1nhib1t.ion of this protease by o- yhenuntnroune,mhieh is

‘more spec(ﬁc for an+ than Cuz*’ (ZB) : thn 2 numher of’

relction m’l xture contaim ng hfluorescens AR

sefiuorescens !

l protease.
the enz_ylle was comp]et_e_ly {hactivated (29)‘ EDTA, af a %
! g L
concentration of. b m# without addition of an)eta] ton.
. ) L (PR Y - .

‘wns such st 5,00 Z*: Baz", were equaﬁy effectwe in the ‘} %

s R-12 protease rs completely » . ¥
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ngntly stxmu'lated the enzyme activity probably by removing

g : ' the trnces of inhibitory ions. This. was consqstent with the -

. % flndmg that at concentrations higher than 0.5.mM an" had
an inhibitory effect on P. fluorescens R12 protease (28). L

0.2 mM EDTA also stimuTated the activity of P. fluorescens B

52 protease activity, but,at 1.3 mM it inactivated the enzyme
B completely (35). However,, only 0.3 mM 0- phenanthroline was
sufficient to cause 100% inactivation. . This observation .

together with the’ finding that the enzyme lost the ability

to bind to carbo-benzoxy-D-phenyia™¥i- tetracthylene

) pen.tamine (CBZ'D Phe- T) seﬁharose 4 B in the .pre'sence of &
. mi tetraethylene pentaminz (TEP), which binds an" strongly,

f : led Richardson (35) to suggest that Caz+ has a\rkﬂe in

-3\ stahﬂ(:athn of the enzyme and it |s .Ilnl: which. is invulved

tRC Ce in enzyme‘cnv{ty. . -

1) Sulfhydryl’ reagents . LA

When the ‘effect of various sulfhydryl ;-eag'en:s"on .
protease atﬂvlty was investigated, enzymes from different
- \ / Pseudomonas- species(showed d;fferent results. The P..

/ f’luorescens AR 11 protease uas 1nh(bited by d’lthwthrexbu],

1odoacet|c a:id, iodoace\:amide, N-—ethylmale‘lam\de and
i paracnlaromercurlbenxnate (29). On .the other nand the R-12
. and B-52 proteases were not inhibited by su]fhydr,y] reagents
(28, 35). o BT %




d) Heat stability .
’ Many uf the psychrotrophlc proteases vnssess a
‘ - remarkab'le capaut,y to survive heat treatments, even beyond .
the time temperature combinations used for ultnrahighI
temperature (UHT). sterilization. The héat stability of the,
’ ex;ra‘ce\Iu}ar vprotease/flpm P fluorescens was first reported
by Mayerhuffer (3'0), who observed"t'hat for complete .
inactiv’a‘tioh"af protease from,P. fluorescens p-26 15~hours
% %t §2.8°C, 8 hours at 71.4% or 9 minutes at 121°C were
Irequlr‘ed.. Skim milk, whey or 2.5% -casein seemed to have a
'prott;.ct'i\{; effect bn_vrnteasg from héat denaturati{m. m;gn
V)i‘ea&»denéturati‘un of ten Ps'eudomnnas proteases was . -
investigated, most of them rétained about 701 of their
/ activity a?te? a heat exposure of '1‘0 se’conds_ at 149°C (36).
. ‘The protease produc_ed by Pseudomonas MC 60 was found to be
the mo.st hea-t _resistant enzyme in these studies. When thew
- . heat denaturatiun of this enz,yme at 149°C was compared with
the destructlon of. spores used to.establih UHT
at stprlh.zatlun parameters, itswas found to be 400 times more .
heat resistant than spores of putréfactiv’e anae\r—o‘qe%?g,‘and

more‘th‘an 4000 times more, heat resistant than Bacillus '

stearothermophilus spores. This enzyme wds also stable over
a temperature range of 110 150°C. The i value (cha‘nge in
| . temperature yve]dmg 10- fo]d change in rate (of Mam.watwn)
‘ - for this protease was 32. s0¢ and the D value (time required,
oS- for a 90% decrease in enzyme activn.y) at 149°C was 90

seconds (36). N
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The protease produced by'P. fluorescens strain AR-1lle
was also found to be'heat stable (29). For a 50%.
inactivation, heating for 25 seconds at 130%, or 17 seconds
at 1409 or 8.5 secands at 150°C was required. Twelve other
pseudomonads isolated ferm raw mjlk also produced heat
stable proteases (34). Griffith (38) investigated the' heat

resistance of proteases produéed by many fluorescent and

non-fluorescent pseudomonads and observed that’ about 55-65%

s of th'ei'r activity was retained after heat tréatment for 17

seconds at 77°C and 20-40% activity was retained after § i &
seconds at 140°C. The only Pseudomonas. species prudu;v‘l{g a
heat iabile protease was P. maltophilia, Gram positive .

il

genera including the. spec1es Enterobacterl Serratia,

Mcahgenes, Flavobacterium, Muraxella, Ac1netobacter,

Aeromonas and Achromobacter were also observed to produce

extracellular heat stable proteases.

A psychrotrophlbyeast Rhodotcrula, isolated from
laboratory pasteurwed mifk retained 25% of its ac(\vlty : g
after heating at’80°for 10 minutes and boiling for 20 . ! :
minutes was'ﬁehyireﬁ for complete inactivation oé tﬁls
enzyme /(39). ’ﬂther genéra of yeast and fungi prézducing‘
extracellular proteases are also reported .including the
species of Aureobasiqlum,'Eeghalosgorium, Endomycopsis,
Kluyveromyces and Candida (40). .

i
i) Mechan1sm uf heat stab!lity
Barach. and Adams (41) compared the heat stability of

( . » i



B a X 17",

. . .

thermolysin and Pseudomonas MC-60 p‘rut‘ease'.me

% inactivation of t’hermolysin took place in two staées, this
J ’ biphasic inactivation curve suggested that in th‘e firs‘t
rapid phase autndlgestlon was the maJor cause of
\na:twanon, while in the second phase, fh\;t order
inactivation kinétics were observed. In contrast to,

_thermnlysm, a linear mactwanon Qurve for MC 60 protease

sugge’sted autodlggsuon was not the major cause of

inactivation of this enzyme at uH:rahigh temperature. chk
of cysteine in both of these enzymes may provide flenbﬂity

to the’ enzyme and renaturatinn after heat treatment may take

- 'place easily. The percentage of hydrophobic side c@al
5 3P \_'\ simi]ar in the tyo enzymes and both contain ca?t and an+
0 \\ On the basis of these: findings it was concluded that the

enzymes can withstand extremes of temperatufes due to the
structural flex1b(il1ty of.‘these proteins and their metal ion
contents (q{).' ’

Autodigestion was found to-be "the major cause of heat -

‘ . X inactivation of P fhmre\scens B-52 .vrote‘ase {35). However

since this enzyme also contains Ca2* and -Zn?*] ‘it was

> * suggestod that the presence of ca?* 1ons allows the-
- maintenance of native conformation of this enzyme. 7
& ¢ Furthermnre.‘both the en'zylgles “from Pseudomonas MC 60 and:B-
# . 52 haye >high'g\yc1ne contént. whose small side z‘:ha‘1ns would

atz ¥ ninimize steric hvindrance and allow structural flexibility

“ . during heat, treatment. = i

+




ii) Low temperature inactivation r
Although most of the Pseudomonas extr:ace]]n\lur

proteases can survive ultrahigh temperature exposure, some
of these enzymes are rap‘id]y inactivated at ]ower
temper;tures. More than 90% mactlvation of MC 60 prcLease
was observed at 55°C wlthln 10 minutes, while it Tost onlys
24% of its activity after a heat exposure of 10_ second"at
149°C (42). This inactivation at 55°C was about 10 times.
greater than the, expecfed value based upon its D value at

150°C. A crude sample of protease was foun_d to be more

'
resistant to low temperature inac®vation (LTI) in milk than

purified enzyme iip milk or a crqge sample of p’rotease in,
buffer. Barach et al. (4_2) suggested that purification or

heating in buffer may have altered the heat resistan;:e due
; N b gsts

to the loss\of associated factor(s) or protein requirdd for:"

heat resistal;ce. When this enzyme was subjected to 'ﬂ. Tt
wa‘s rapidly autolysed as shown by an increase-in
trichloroacetic acid soluble mtrogﬂand disappearance uf’
ndtive enzyme protein hand in SDS electruphnres|s~ uhereas
in presence of 3.5% sodwm caseinate, the inactivation was
"very low (43). Purified t14-1avelledeprotease, when heated
in m'k at 55%C-for 1 haur, aggregated with casein. Due to
this aggregatwn. reversible loss of enzyme activity took
place.’ Pav_ttlal restarat}on of activity was_observed when
LTI was pgrﬁrmed in presence o% 6M urea with high enzyme
concentration. A complete resgorntiog of activity ua‘s

observed when the enzyme conceﬁpration was Tow. On the

|

»

%



CES
basis of the above findings it was concluded that LTI is a
¥ ’_;tm_: step process. In the first step, he‘atlﬁg at 55°C '
results in a conformational change in the enzyme nolclile
which causes jts autodigestion; a’nd in the second step, this
residual a]»tere’d protein forms a cafnplex with casein and
results in Toss of engyme activity. Heating up to 55°C
_caused the nonpolar side chains of proteins to be exposed to ¥
the solvent which favors:the aggregate formation with
casein. Thvs thermndynalmca”y ;avore aggregate would be
©. " stable even upon cooling. However,v at femperatures above .
60°C, these hydrophobic interaction: re no longer favored.
e) Hydro\ys‘s" of Milk Proteins © @
Many investigatur';;ave'studied the effect of various .
'prateolytlc enzymes on milk proteins. using either a crude 9
preparaﬂon .of the enzyme or by 1ncubat1ng the hacteria
responsible for the’ prnductlnn of these enzymes. wnen_ Adamis
et al. (44) \nogulated Pseudomonas MC GU_lntq the milk,. k-
casein was found to’ be the most proteolysis-prone fraction
. of casein after 7 days' irjcuh‘annn at '5°C. There was a }
ocomplete loss of this fraction aftér 13 days' incupat‘ian .
_ under similar conditions. " The amount of B-casein also
decreased rapidly. The ‘w‘hey proteins were not hy&ra\lyzed‘y
ths ise]y‘ate. . In contrast to the above findinés, micrococci
isolated from &heddar cheese ﬁferenﬂany hydrolyzed the i
gsl-casﬂn. However, n;e intracellular protease from the

. » /.
samé bacteria degraded @-casein prefer‘en‘tiaﬂy (45)% Ut"her 5
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investigators .(46) observed_ that isolated, as) and g-casein
were hydrnlyzed more efﬂ:lent\y wan 1n whole casein : (.
: mixture. g- ca'sein was. found to be~n\ure suscept!ble to
'proteo]yns at lower temperatures. asl-gsein hecane more
s‘ﬁsceptih]e to p»:ote,olysl,s when the micellar structure was
disrupted by r';-ova! of- calcium fons. " Richardson and
Whaitii- (31) observed that all fractions of .ciseln are
attacked by t’he Pseudgmonas pratea&e;s. They also observed

that milk protein degradation began with hydrolysis of k and

® = ¢ a -caseins followed I‘:y deygradaﬂnn of gand usl-‘éasein.
W & i T 3 ‘ ¢ A =
vl f) .Control of protease ‘prudu'ctiq.n .

. Several psych}“n‘lrop‘hi; extucel)’u'(ar proteasgs have, -
been studied in detail.. Honeve'r, vefy little i‘s known about
regulation of the synthens and secretiun of these enzymes.
Daatseher and Harder (47) isolated bacter!a from the g,ills
of a fish and _found that a-in‘n acids seem to induce the
'pruductibn of proteolytic enzymes. from this bacterial . '
isolate. Moreover, gl‘ucuse, when p‘resent‘ in the growth
medium, completely inhibited the protease production. It
was also’observed that proteolytic activity in the culture
medium increased at the end of the Togarithmic growth phase.
‘§n1ym£ p_rqducnan' stopped when the stationary phase Wwas.
reache‘d._' It was also observed that the addition of

\ chjlnnmp‘he‘nicjn'l d’ur‘lng Togarithmic phasé 1;nued|at=1y stopped i .
the production of the protease. All'( these findings led i (T
Daatselaar and Harder (47) to suggest that the synthesis of -

. R oo
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.extracellular proteolytic enzymes of the organism studied is
controlled by.an'efficient regulatory mecHanism ‘in which
growth rate is aﬁ important Rarameter. In contrast, Adams
et al. (44) observed that Pseudomonas MC 60 produced the
extrﬁce]lul;ar protease throughout the exponential growth
phase at 4°C. Juffs (48) investigated the effect of‘varying
the temperature and composition nfv the medium on production

of proteases by P. fluorescens ‘and P. aeruginosa isolated

from raw milk./ Protease p\ruductiunvby P ﬂuarescerf
decreased gradually in Peptone-Yeast.Extract broth when the
temperature was reduced from 2007 t0 5%. At 3‘0"/0 although
there was héavy growth in the same medium, a very small
amount. of protease was pr;dﬁced. On the other hand protease
productidn izy P. aeruginosa was maximal at :}0“1:‘. Both
glucose and Iact:te decreased the-prntease production by
these organisms via catabo’yHc repress‘ivn,(aﬂ).

e S



HATERIALS AND METHODS '

1. Materials d

A1l chemicals were of amalytical grade‘ and most of them
were purchased 1rnv| Sigma Chemical Co. (St. Louis, M0.).
SoluMe crsﬂn was obtained: from British Druy House Ltd.
(anonto. Ont). The affinity chromatography material, s,
carbobenzoxy- L- phenylalanyl trnthy'lenetetramfny'l Sephar\A
4B wgs supylied by Pderce Ch;m\ca] Co. (Rockford, I11. )
Sephadex G-200 and some of the proteins used as standard
were pur:hhsed from Ph;rmacia Fine Chemicals (Uppas]a.
S;vedzn) The najarity of electrophoresis reagénts and those
used in immunological ‘pro:edures were purchased from Bio-Rad
Laboratories Ltd. (Mississauga, Ont.) and the*rest from “ v
Sigma Chemical Co., (St. Louis, MO). N
2. Cultures .

The psychrot oph!c pseudomonads were isolated -

prev!nusly |n.ou laboratory as described in a retent report .
(49). For lsolaelig,n, of fhese bacteria.raw -milk samples |
obtained from a local dairy farm were streaked on plate
count agar"(PEA) coptaining two percent (w/v) skim milk
powder. " These pla \es were '(nc‘ubated ‘atﬂ% for:10 days.
The isolated colonips showing clear zone of proteolysis were
pjck‘ed up ind‘stre;{ed on fresh medium (PCA plus milk) and &
1n:uluteq at 7%¢ for two day_s and then served as stock '
Ec . P i
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cultures. These bacterial cultures were then igent1f|e

using both hioch\emic’a! and microbiological tests (50, 51).

3. Preparation of crude extract
A summary of .the procedureiemployed for crude enzyme
preparation is depicted-in Fig. 1. 1in some studies this
crudg enzyme preparation was used without any further
treatment. However, !'n most instances the crude di‘a]yzed

extract was concentrated by freeze drying &hd/or by

ultrafiltration on Amicon Ultrafiltration unit with : )

Millipore filter membrane of 10,000 molecular weight -

exclusion limit. W B Ta Bm o

%

4. Pr;tease assay . ~i
. ;
a) ?L\sein or other pret‘eins als substrates
Method; of Hull (52') was used to determine’the s
. © proteolytic activity. The assay mixture contained 0.1 M
Tris (hydroxyn@thy1) amino-methane (Tris-HC1) bufferr, pH
. 7.5, 1% _s'm:caseh\ (w/v, 0.5 m1) dissolved and dia‘]yzed
e 4 against the above mentioned buff‘er, and enzyme, 0.120.2 ml.
The total volume of the assay mixture was 2.0 ml. Thg assay
tubes were incubated for 20 minutes in a water bath
maintained at-25°C. “After ‘the incubation period the
reaction was stopped by the addition of 1 ml of 5%
| ' trichloroacetic acid (TCA).. A control tube was also

intluded with each test in which either the enzyme or -
\ ) ' "

— i o Y8 . '_
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"280 nm. An enzyme unit (EU) is defined as the amount o

25

substrate was added after the addition of TCA. Fdllowing
the separation of precipitated proteins by centrifugation

for 10 minutes at 10,00Q rpm in a Sorval Centrifu the |TCA

soluble aromatic amino acids released by hydrolysis of ¥

proteins were determined directly by measuring absorbance at

enzyne required to release.l umol of ‘tyrosine=guyivalence '
(absorption of equal amount of tyrosine and othgr aromatic
amino acids) per Wl ‘per minute at 25°C. The specific’
a‘ctivity is EU pe; mg-orctein. + A1l of the assays were
perfcrmed in, duyhcate or triplicate and presented as the
average of two or imore readings. .

b) Pr‘oteolytlc activnf/on milk plates

(Aliquots (10°'ml) of 1% agar cuntalm’ng 1% skim milk
powder and 0.02% sodium azide (w/v) were poured in petﬂ
plates (100 x 15 mm) and a]lawed to solidify after which
they were stored in the cold (10 C). Wells with a diameter
of 5 am were punched 1n solidified agar and 10-15 ul of
enzyme was applied per well. The plates.were incubated at

25°C for 18-24 hours:' The diameter of.the true clear zone

(allowing for well d(ameter) was measured after flnndlng the

plates with acid sub!\mate solution (HgCl, + 'HC1) according
to the method of Foissy (53) A standard curve/;as

~
ébnstructed using various dilutlons uf the protease;

Subtilisin BPN -purchased from Sigma cheqlcal Company.
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c)’ Protease activit‘y using various synthetic substsates
The substrates used wer:r{;Benznyl-L-;yresine«q-.
nitroanitide, Glutary]’-L-pheny]allar\ine‘p—nitrnanﬂide, =N~

Benzoyl-L-arginine-p-nitroanilide, p-"l‘oluenewlfony'IAL-‘
arginine methyl ester and G'chy]-'L-pheny’Ia]an1ne-e- 5,
naphthy]amide. The pruteo]ytic activity using tnese . .
substrates was determlned by measuring absnrptlbn chaqgés
v\—'accordung to the methods given in Worthington Enzyme Manual
.+ (54) and according to the mephod of Erlanger et al.”(55).
5. Determ1nat1on of Prnﬁgins ' e ' %
Protein concentratwns in s;]uéiuns were deterunned by
the methud of Lnur_y et al. (56) uslng bovine serum albumin .
_“as a standard pruteln.,
i, . » . .
6. Partial ;ur\'ficet(on‘ of ?ratease,‘
a) ‘Ammonium sul}ate grecipitati‘nn .
To 90 ml of crude Tyophilized extract 35.1 g ammoniun
sulfate was added slowly to give a 60% saturatmn, the pH )
was adjusted to neutrality.and stirred at 10°C. for 40 honrs. -
The prempitated protems ware separated by centrﬂugatian
t 10,000 rpm for 10 minutes and tne supernatant, discarded.
The prec{pitated proteins were red\ssnlved in 30 ml of 0,.02
M tris-KC1 buffer pH 7.5,and dialyzed for 24 hours against

the, same buffer to remove the salts. Therdialyzed solution .
e . . 3 X




‘was centrifuged and the clear super‘natant salut{un ohtaineﬂ

Wwas concentrated to 21 ml by u]trafﬂtratuon. -

b) Gel,

fltration ’ '

v 7 R voncentrated sampie +(20 m], spec‘ﬁc actlvlt,y 0.171)

G ZOD The ‘column was‘equ Hbrated w\'th 0.02 M'Tris HCl L]

huffer (pH 7. 5) cnnta1ning 0. 021 (w/v) sodlum azﬁ?e. T?v_e" & .

prote\ns were eluted mth the.Sane. buffer at a flnw rate of PR {

18 mls per hour and fractidns approximately 5 _2 m] per tuhe : 3
were collected. The'protein in t.he fractlons was estimated PR
spectrophotometrically at 280 nn. _ The protdase activi{y-vg_&sv‘_ i b
\]o;\s-\b\théini_nvg‘

maximum probenlyﬂc acthty wWere: pocled togebher and

va

measured by Huﬂ‘s method (52).  Peak frac

concentrated to 21 m] b,y ultraﬁ]trat(
. . “

o c) Afflni,{y column‘chromatography
The pou]ed fracﬁons from the gel fl]tratlon cq'lumn

were further purified by aff‘hnt,y chromatngraphy ﬂn a cu]umn

R .
(1x 8 cms), packed with Carbo- benzuxy- henylalap_yl-} . Wk

“ triethylenetettaminy]-Sepharose 4B . (Z-L-Phe- T-Sepharose) .

accordmg to the method of Cuat‘\\f.casas et al (57).»’T"he'

co]umn was equH\brated wi .025 M sndium acétate buffer

(pH 5.7) contannpg 0.1 M Sodfum ch'lor1de, 0. o1 M calclum el
ch]oride and 0.02% (w/v) sodium azide. The cancentrated'
pooled fractiuns (about 20 m'l) frcm the gel flltratmn.

ca]umn uere dialyzed agginst the same buffer for 24 htfurs
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- and app]]ed on va‘Ffinl"ty 'co.l‘umn. The column was then washed
.. " with the above mentioned buffer to remove the 'unbo.und
s proteins. The prm:.e-in h’r‘:und to the column was eluted”usiv‘\g
0.1 M Tris-HC1 buffer tpH 8. 0) containing 0 5°M sodium
z:h]omde1 0.01 M calcium chlnr1de and 0. DZ% (w/v) sodium’
azide. Fragtiens (3 1 ml). were collected at the“flow rate

& of 12 ml.per{ hour. ‘The protein.was determined

P spectrophotometn:al'ly by measuring the absorptiun at Zély nm-
and prnteolyhc activity was determined by, HuH H method

i . (52) Fracnons containing ‘maximum protease actwity weie

’ ponled tugether and ge\ electrophnresw in the presence of
‘0 1% sodium dudecy] sulfate (SDS) was perfor‘med according. to-

- . the methnUf Weber and Osborne (ga). or ‘according to che

method -of- Davis' (59).

; /_- : 7. Properties of the Protease . -
} ~/—// The protease activity’was assayed by Hull's method

(52) as described lon page 23. varying only .one parameter at

a time unless nthervdse stated. i

a) Effect of enzyme cuncentratlon

In order to determ!ne the volume of 'Iyapﬁ!”zed extract
(re:ﬁsso'lved 1n the Tris-HC1 buffer) requir:d for pratease
/ assa,y in Hull's method (52) varvths vnlumes (25~ 300 ul) of
o T20 extract were ‘used keeping other conmtinns constant. as

descrlbed previously.
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.+ b) pH optimum \
Soluble casein, 1% (w/v) was dissolved in various
buffers to cover’pH range 5.5-10.5 and the proteolytic -

activity was measured by Hull's method (52). The buffers

‘used were 0.1 M citrate-phosphate buffer, 0.1 N Tris-HC1

buffer-and 0.1 M. glycine-sodium hydroxide buffer. o
s

c) Effect of témperature ’ .

» After. a preincubation of the'f\bes containfnﬁ enzyme

plus buffer (Tris HC1), ‘for § minutes “the reaction was
started by the additlun of substrata ca ibrated to, the
requlred temperature as enzyme and buffer.
# 5 K
d‘) Time course,’ of protease activity

+ The protease assay was performed in separaté tubes and

‘at rvario'ys time intervals.the reaction was stopped by

addition of ‘TCA,

e) . Effect: of substrate concentratlon / ey

solutions of asb and sn]uhle casein (1% u/v). \dialyzed

agamst theTr Hcl buffer were used to cover a u\de range

s vof concghtratl n.. - The Km was determwned for o and B~ casein

“Plot (60) and straight line was thalnEd

\‘Meuaaver Bukke
by regression anaﬁsis. %

£
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v
f) Substrate specificity
The proteins were dissolved in and dialyzed against the
1 Tris-HCl buffer except o, 8,Y and k,c'ase‘n which were
dissolved in 0.001'N'Na0H and dialyzed against the same
s, buffer. The final concentration of eac‘h protein was 2.5
mg/ml assay mixture, ‘total volume,2 ml.

'

q) pH.st‘abHity . AL
L Crude extracts (Sp activity 0.121) coucéntrated by .
.'Iynphﬂization and 'redissolv;d in 0.02 M Tris-HCl buffewph
7.5) were used for this experimen:. One' ml of this protease
solution was added to 4 mt of the buffers covering'a pH .
range between 2.5-11.5. -The buffers used were similar to
those used in pH optimum studies. These dil;xted 'enxyme
solutions were then stored at 10°C fc;r four days. The
enzyme solut‘ia‘ns were then subjected tn- centrifugation
(IO,QOD rpm for 10 minutes) ato remove the precipitated
proteins, and the clear supernatant soluuong were used for
protease assay by-null's’ met:hod (52). ¢
h) I'.teat st'abi‘Ht.v
In order to in‘vesﬂga:e the effect of ;hean‘ng on
protease activities of various isolates the following
experiments were performed. In these experiments, the heat *
treatments were followel by suhsaquant storage of the
proteases in the“ frozen state prior to protease assay.
Therefore, a .cumulative: effect of _heat exposure and cold



storage (freezﬁg) was invesf.\'gated. However, for

simplicity the term heat stability is used.

i) Heat exposure of various proteases at different

~ temperatures .

Lyophilized extract dissolved in.the Tris-HCl buffer

was divided iatq various aliquots (2-.ml per tube) and heated
~

in water baths maintained at various temgeratures between 50
*

and 100°C. The extracts were heateq. at these various'

temperatures and were cooled immediately by immersion in ice

water and stored at -20%C til1 further use. Just before the

‘protease assay, the heat treated extracts g(stnr'ed at -20°¢)
vere thaved in a water bath (maintained at 25°C) and
proteolytic activity was determined by Hull's method (52).
ii) Time course of heat exposure at 100°C

Lyophﬂized‘_extra_ct di_ssal’ved. in the Jris-HCl buffer
(20 m1) was poured’intn a H:sk in a water bath maintained
at 100°C. Samples (1 ml) were Jitn_dr"awn at different time
intervals and cooled immediately a;\d treated as described
above (i). ' ° . ’

L , %

-

: 17 Heat-exposure-in presence ‘¢f calcium.chloride

Lyophilized extracts dissolved in the Tris-HC1l buffer .

were added to 1.m1 of the same buffer containing different

concentrations of q‘alcium chloride (between 5 to 1000 u

moles/mﬂ. These enzyme solutions with calcium chloride were

¢ f \ .

L4
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subjected to heating as.described above (i), ‘except that
clear supernatant, solutions were dialyzed agains't the Tris-
‘HC1 buffer prio/r"to protease assay. B

8. “Enzyme modulation studies
Various inhibitors/stimulators, (50 mM) were dissolved
-
in distilled water except 8- hydroxyqu1no]|ne and parachloro-

mercunberyzoate (PCMB), Which were dissolved "in dimethyl

sulfonyl fluoride (DMSF]. ‘Various modulators (50 ul and 100

ul) w&ed to tubes containing the Tris-HCl buffer ;nd
enzyme "to give f‘]lld‘ concentration of l:ZSV mM and 2.5.mM %
respectively. The protease and modulators were allowed ‘to
react 'for 10 minutes in a water bath maintained at 25°C in
t\é absence of substrates. The reaction was initiated with
the addition of 0.5 ml of 1% soluble casein. With each test
a control tube was included in which the substrate was added
after the addition of TCA. For each ‘isolate one,more
Sintv"o] was also included in which .pr?tease activit’_y was

measured in the presence of DMSF.

9. Metal ions re‘quirement“ “ '
L
af)—~ Effect of metal “ons on the protefle activity
The following meta'l saln were used for this
exper\ment, calcium ch]nr!de, cobaltous chloride, cupric
su’lfate, manganese chloride, magneslum sulfate, .zinc
sulfate, mercuric chloride and nickel sulfate. Aliquots

)



(100'u1 and 200 ul) of metal salt solution (20 mt)
distj‘ﬂed water were added to the tubes containing enzyme
and the Tris-HC1 buffgr. The final concentrations of metal
salts were 1 and 2 mM. ThF salts and the enzyme in buffer
were allowed to reac.t ir.| cold (10°C) for 15 minutes. After
a further 5 minute preincubat\'unAa': _25°C, the reaction was
initiated by addition of substrate solution. With each test
a control tube was also included, treateq.simﬂar]y as test
except that the substrate sqlution was.added after the
addition of TCA. ) " # 7
b) Restoration of protease acf{vity after i -,
Ethylenediamine-tetracetic acid (EDTA) treatment
Lyophilized extract dissolved in the Tris-HCl buffer
was dialyzed extensively (more than 24 hours) against the‘
Tris-HC1 buffer containing 0.1 M EDTA to completely ]
1nact|vate the protease. This EDTA treated extract was ’
redn]yzed aga1nst the Tris-HC1 buffer.without EDTA. The_
protease assay was then_performed if the presence of various.
metal ions (2 mM)\éE described above (a). The following
me;ta] salts were used in addition to the above mentioned
saltsi Tithium chloride, strontium chloride, stannous
chloride, aluminium sulfate, ammonium.molybdate, barium
chloride, cadmium cnlgride, lead nitrate, potassiuﬁ chloride /
" and sndium‘phbsphate. i ' 57"




‘. ‘Enzyme synthesis
a)’ Growth cyrve and protease production f

, v

TSB (25 m1) was inn?cugated with a single colony ™

'Isolated from PCA containing 2% skim milk powder. The flask "

wasaincubated at 25°C for 24 hours. The cells were
separatedv f_rom :{SB by centrifugation (Xﬂ“,[)ﬂﬂ" rpm for 10
minutes). and ‘washed (3 times) in physiological saline—
(0.85%, w/v NaCl). This wa’shed cell suspension ‘was then
inoculated into 125 mi of TSB containing 2% skim milk

e

. powder. ' The flask was incubated in.a shaker bath maintained

+ " at 25°C. At different time intervals, 4 ml samples were

withdrawn and absorbancg at 600 nm wd$ measured.. A'3 ml

; e — %
sample was centrifuged and the clear supernatant 'solution
obtaineq‘was dialyzed agai’ns‘t .02 Tris-HCl-buffer (pH 7.5)

. and pro’tease assay was formed u‘sing dia]y;eg extract.,

The ‘remaining 1 ml sample wasiused for viable count afters

appropriate dilutions.

;! P S § Ly
/ "b) Induction of protegs'es’ ’ ‘/

A washed bacterial ce'li ,suspensﬁ‘on of various isolates

obtained from growth on PCA was inoculated into 50 ml M

Mineral Salt medium; with or without 0.5% (w/v) soluble

casein and various other carbon sources (10 mM). The carbon’

sources other th;n cas'ei.n' were pyruvate, citrate, ‘succinate,
glutamine, glucose and lactose. The initial pH and
absorption at 600 nm was measured and the !flasks were

N : . F

oy
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incubated in a shaker—water bath maintained at 259C. After

fiye days incubation the pH and the abSorption were measured

again. A sample (5 ml) was centrifuged and dialyzed against

0.02 Tris-HC1 buffer (yH_7.5). This dialyzed sample was
used for protease dssay and protein determination.

The above experiment was repeated except that one more

‘set of flasks containing 1% (w/v) skim milk powder with,

“days

various carbon sources was a]s(; inc1uded.

In anothéer experiment MSM w)/h variaus carbon sources
(0 1 M) were inoculated with an: extens\ve\y washed cell
suspension (1 m1). The rest of the procedure was similar_to

the method described above.

11. Extracellular nature of the protease

Try;;tita_se soy broth (50 ml) with 2% skim mi1‘k powder
% !

(w/v) was inoculated with 5-ml of cell suspension from

" various isolates in physiotogical saline and. incubated for 5

25%. The medium was then centrifuged (10,000 rpll\

for 10 min es) and the clear supernatant solution was

decanted and dialyzed against 0,02 M Tris-HCl buffer (pH
7.5) and stofed at -20°C, The cell pellet‘was washed three.

tiries with the Tris-HCY buffer and the Washed cell

: suspension thus obtaine \was subjected to. ultrasonication.

The cell dehr\s was removed hy centrifugation (10,000 rpm

for 10, mlnutes). This supernatant solution (cell extract)

" and the d(alyze;! growth medium were tested for ‘the ‘protease!

agtivity.

J

,K\_
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- 12. Molecular weight determifation

A calumn (2 x 45 cms) packed With Sephadex G-200 was

used for determination of molecular weight of T_ZO pmtease

accordiﬁg to the method of Andrews (61

(210,000), aldolase (158,000), alcohol dehydrogenase,
(43,000), chyotrypstnogen (25,000) and lysozyme (11,000).

g log\éx'

mulecular weight aga1ns'(av of various piotein “

A standard plot was abtalned b,y plottin

calibrated column was used for estimation of molecular

‘weight'of T20 ‘protease.. Lyophilized extract redissolved ig.

0.161 \was applied on the column. The proteins were eluted

in the same buffer and fractions (3.1 ml/ tube) were

collected at a flow rate of 15 ml/hour.

280 nm was measured to determine the concentration of the

proteins in-the fractions and protease assay was performed

by Hull's ‘method (52).

'
). Proteins used for

calibration of‘column were, ferrit‘in (440,000), catalase

. (141,000), bovine serum albumin (64,000), ovalbumin

0.02 M Tris-HC1 buffer-(pH' 7.5), with ’a specific acti'\;ity of -,

The absorption at

13. Antigenjc‘re]atedness of the proteases .

In order to determine the antigenic relatedness of

immunochemical tests were p'erfo:m_ed.

a) " Inhibition studies
Into the tubes containing the T20

.proteases from different bacterial isolates various

protease

l
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(approximately 0.5 EU/ml) and the Tris-HC1 buffer,
i‘n:r_easing amounts of the antit;ody previously raised in A
rabbit against purified T25 protease (62,.63) were added and
incubated for 15 minutes at 2§°b. The protease activity was,
theﬂvinitiated‘by ‘addition of 0.5 ml of 1% luble casein. -
A ‘control tube was also included with eac@t treated
‘simi]ar'ly except that the sn’luble casein was added after the

addition of TCA. N

- 2 \
= b), Ouchteriony's double diffusion 8 .

"The antigenic rel{atedness of protease from several

isolates ‘was determined by 1mmuvnod|ffusior! as described by
Stollar and Levine 764).
To prepav:e the gel frames, 6 clear glass slides (2.5 x

7 cms) were placed on ea;’h frame. ) These slides were then
coated with a thil; layer of 0.1% (v;_/v) Noble agar ;91utinn

. cuntalning 0.05% (v/v) glycerine. .‘The slides were dried in
a 379 incubator for 30 minutes. About 24 ml nf'r‘unning
dgar, (0.5% Noble agar in G\.OZS M barbital buffer, pH 8.6)
containing 0.2% sodium azlde (w/v) were poured per frame.
Care was Laken to obta1n a u‘Mform layer. Tﬁe agar wés
allowed to sohdlfyjlfcr about 30 minutes and stored in a
humidity chamber at 2. ’40(2 until use. The gels were punched

! ~ to make ‘wells (diameter, 5 mm) and 15 ul antibody solution '

(about 4 mg protein/m]) nere(poured in cent*a]\weﬂs and 10

ul of enzyme (about 5 mg protein/ml) in the surruunding

wells. vThese frames were then placedye hunidity
2 \ \
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chamber and stored .at 2-4°C for 18-24 hours to obtain

precipitin bands.

<) Immunoe]e:trnphoresi s

a
the method

e Immunaelectrophorcsls was carried out
of Scheidegger (65). ! The agar’frames were: prepared as
described. éarlier.~_The gel” pun:her (Gelman) was used to
obtain a trough down the center of stes with equall_v
placed holes on e)ther~slde,.' The gel from the holes was
r*oved and ‘10 ul. of enzyme anqun (about 5 mg protein/ml)
was poured on each side.‘ In one hole 5 ul of a-0,1%
bromophenol blue was poured as a marker dye. The frames
were then aligred in electrophoresis hamber and Filled with
approxmately 900 ml of 0.1 M barbutsz buffer (pH 8.6). For
each frame 4 str\ps soaked in the buf¥er were attached to
the ends connecting frames to the buffer. The cover was
cl®sed and the 'system was e]ect;nphnreseq for. ab‘ouq 2 hours

at \8 5 m Amperes per “frame. After the electrophoresis, the

/‘frames were removed V‘rom the chamber. The gei trnughs,

previously cut wer‘e now remuved and 30 40 ul of antiserum or
purified annbody raised against protease from TZS or T16

‘were depos\ted along the- length of the troughs. Each frame
was then p]aced in a humidity chamber and incubated at 2- 0°C

cn“nrm precipitin arcs.




1. Bacterial Isolates
Twenty eight bacterial cultures were isolated from raw

milk sauples‘. of which 19 were fqgnd to-helnng to the genus

. , . Pseudomonas and were tentatively assigned to the species,
\ fluorescens (49).. Out :;&he original 28 cultures, 8 vere
' o~ seIECted for this study with more emphisls centered on those
‘ shomng Mgh proteolyt'lc activlty. i
2. Enzyme source By < g
& A crude enzyme _preparétiun was obtained as outlined in

Materials and Methods (Fig, 1). Dialysis of crude{enzyne
@ ) preparation was fuungﬁtr} be nécessary to reduce the

background absorption at 280 nm. Loss of protease activity

did not occur’on dhly’sisof enzyme preparations agali nst
0.02 M Tris-HCl buffer (pH 7.5) for 48 hou'rs. sisilarly
'Iyopmhutinn and ultr‘aflltratinn did not cause\l
considerable luss of prutease act]yity and about 85-95%
activity was racovered after “these treatments.  All
-J g proteases were found to be stabla when stored f,pézen at

Y & -20% for’ periods.extending ovgr many months,

A s
. 3. .Purification of the T20 protease "
& B .
® & ¢ .- The protease from T20 was purified byta combination of
ammonium sulfate preci,pitaﬁon‘. gel filtration and affinity

column chromatography. Fig. 2 shows the elution profile of

high .

e
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Fig. 2 Gel filtretinn of T20 protease on Sephadex G-20
[ 5 - %"
column |
‘A concentrated isample haviné 2 specif\'c activity Ff

1.610 (20 m1) nas applied to-column (2.5 x 81 Cm) cont 1m)lng

Sephadex G-200 (398 ml bed volume).” The-olumn was washed‘ o ‘
with 0.02 M Tris-HC1 buffer (pH 7.5). The protein ( ‘
concentration " the fractions |’~as' deternined: .
“spectrophotometrically at 280 nm. The protease act’ivi S
(®@—e) in the fractions uaﬁet(mmed as described init he,
Materials and Methods, ° it . \
& ' '
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proteins. on a _ge] filtration column of Sephadex G-200. The
pra;,efns were separated lnr.u_ threg ﬁeaks (I, ‘!I. III) and
the protease activity was afsoc{ated with peak II. The most
_activé fractions (47-57) were pooled and concentrated by
u]trafl]tr_atian to a volume of ib?ut 21 pl. This

concentrated sample was then applied on a Z-L-phe-T-

Sepharose column (Fig. 3). ‘The bound pl"ntj‘el";l was elated .. N

with 0.1 M Trlf-ncl buffer (pH 8.0) containing 0.1 M NaCl

and the, s‘s:cund peak (b) contained most of the activityy The

fractions (37 80) were pooled together and concéntrated as

e befoes. Table 1 summarues “the steps in the purification of

‘the protease. The purlfied‘proteise showed 33’ fold increase
in activ‘ity uith a recovery of 14" percent. Fig. 4 shows the .
" results of' gel e!ectroph’oresﬁ of the purﬁied protease.*

; e [ o g
: £ S PR
4. Propert(es of protedse i T

a). Effe:t ‘of enzyme cuncent‘raunn on protease dctivity

.- Fig. 5 depicts the effect of Increashm vo]ume of.,*TZU
Iyoph‘!Hzed extnct (redissnlved in the Tris-HC1 huffer)mn
the $rutuse activity. The protease activ‘ity increased vuth
lncreaslng volume of T20 extract up to 0.1 ml per tube of
assay fmixture; further increase 1n the‘amaunt of extract dld
<not hcrease the T20 protease activity. This experiment

‘

demonstrated clearly that the 'T20 protease activity
: " .

CRy

d 0:01 M CaCly. Thé protein eluted into two distinct
- | o
/:aks. The initial peak (a) contained no protease activity



F-lg.‘! Purification of T20 prote.ase b; ;ffin'ty ¢olumn

= ‘*.chromatography

& b Parti?lly purified enzyme ob#®ned by gel filtration
was further plu‘ifled on an affinity column (1 x 8 Cm) packed
ui‘tn"carhobenznﬁy-L-PhenyIahTanyl-triethylene tetraminyl-
Sepharose 4B (Z-L-phe-T-Sepharose). The column was
equilibrated with 0.025 M sodium acetate buffer (jH 5.7)
cuntaini“ngv,o._l M NaCl and 0.01 M'CaCl,. After the sample
application t:.h'e unbound ‘proteins were eluted with the above
r;mnncmed .buffer:. The arrow in the figure indicates the
change of buffer to 0.1 M Tri's-l!Cl (pH8) containing 0.5 M
NaCl and 0.01 M l_:aciz. The proteins (6—o) in .fractions
were determt‘ned hy' reading the absorption at’ 280 nm and
proteglytic activity (e—e) was assa;yed by Hull's method

r (5_2). ) s -

-
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Fig. l%ﬂyacr]!imde gel electrophoresis of partially
pdrified T20 protedse

A partially purified sample: (50 ug protein/gel) of T20 ‘
! protease was electrophoresed on 7.5% po]yacr}hmid )ﬂs in
\ the presenéé nr'absence of SDS (0.1%). The electrophoresis

.was completed in ab;ut 5 hours. at a current of 2-4 mA per

‘tube. The gels were stained in Coomassie Blue R 250. , -

a) geél electrophoresis in presence of e

b) gel electrophoresis ‘in absence of SDS

,
P protease | P oy
d dye

+ positive electrode

- negative electrode







. Table 1 2 .
Purification steps for ¥20 protease - -
N o . . F] a g
¥ .
r/ Total Total Purifi-
R " © | Units | Protein Specific % _cation

SNO | <~ Steps Volume [ (EU) | (mg) Activity* | Recovery (fold)

1 | crude Extractle 90D '586.8 4050 0.144 100 1

2 | Lyophili- 90 586.0 3420 0.171 100\ 1.2 :

‘| zation - - -

3 | Ammonium 4 21 294 | “1.610 80 11:2
Sulfate ] . . -
Precipitation . = )

4 | sephaden 50 185.4 70 2,07 .| 25 12,4
6-200 5 © L

5 | Affinity 30 8p.4 16.8 4.786 14 33.2

. Column “ ‘ A %

z e
- N .
5 - ~ FE
* Specific activity: ‘enzyme units per mg of protein - k ’ \\\ ",
ence per *

** The amount of enzyme required to release 1 u mole of tyrosine equival

ml per minute at 25°C

.



.extract was 6 mg per ml.

Fig. 5 Effect of enzyme concentration on the sz protease . *
N 3
activity .

The protease activity was assayed by Hull's method (52)

as described fn' Material and Methods éxcept that the volume

of lyophilized extract (redissolved in the Tris-HCl buffer, . .

pH 7.5) varied. ‘It ranged between 25 ul to 300 ul ‘per tube

in a tptal volume of 2 ml.- Protein concentration in the,
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.
increases with increasing concentration of T20 protease in
the assay m\‘xtur‘e; also that the amount of the protease
present in 0.1 ml extract was sufficient to produce a
measurable level of protease activity. However, this,
experiment Qas performed. using a crude enzyme preparation,
and protease activity (specific a'ctivit_y)‘ varied from one

preparation to th’e ther. Hence, nothing can be said with
espect~to the mg of T20 protease re‘q;n:redvfo'r protease !
assay. Mequent experiments the ‘volume af'éxtract was !
adjusted so as to give similé}‘ 1 ye\‘s.of protease activity.

3 b) " Effect of pﬁ on protease activity ’

5 Figure 6 demonstrates the .ef‘fﬁct of pH on the proteases
from the isolate number T20, T18, T10 ;nd T6. All-the
prbteases\whre found to be maximally active in the neutra]«
vegion. The T20 protease had a pH optimum of 7.2 when
soluhle‘caseiu ‘was used as the substrate. Aﬁ the proteases
had very low activity at pH 5.5 ranging from about 14 to 28
_percent of maximum activity in case of T6 and T18 protease
respect.ively'. When assayed at a pH nf‘ 10.5, thé\T10 and T6
proteasds retained ab"out 40 percent of the maxiy‘mum
activities, In contrast the T20 protease had'r‘m activity at
or above thé pH 10.° Similaély the T18 prt')tease had a very
Tow activity (20:) at *pH 10.5. g s J

" v
c) Effect off temperature on protease activity

In order to assess the temphture at which the i
proteases from various isolates were maximally jctive, the

i

I
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Fig. 6 Effect of pH m”

.. The, p‘roteya'se acti“dty in the enzyl}‘ﬂples was
d.etermined using d{_ffer‘ent buffers. For a pH range of 5.5
and 6.5, a 0.1 M Citrate Phosphate buffer H/Z used.
similarly, for pirange between 7 470 8.5 and 9.5 and 11.5

Tris-HC1 (0.1 M) buffer a Glyclne Sodium Hydroxidg (0.1 M)

buffer were used’ respecnve'ly.

Yo—o-T18 pro\teasg/n_;, T10 protease.

e wa T20, protease. e—s T6 protease -
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proteases were incubated at <v~¢1[iiu/s/{emperatuv:es as N
described in Materials and Met‘hods. As is depicted in Fig.
7, proteases appear toretain their aétivity in a wide
temverature range. The optimum activity was observed at
35°c and a rapid decling of the protease acnnty vy\

observed above this temperature. As is indicated in the

i figure a’t.g teﬁ\perature as Tow as 5°C, all of the prateases

retained .some activity and it randed fro{ abou't '0.04 £0 0.06

enzyme units per ml in'case of T20 and T18 respectively-.

d) -Time -course of protease activity

The rate of proteolys!s by T20, TIB T10 ‘and T_6 was
+found to be l\near for up to more than 20 minutes’ (Fig. 8).
The protease activity of isolate numbers TlOIand T20 was
Tinear. u’p to 30 minutes while that of T6 and T18 was linéar
up ‘to 25 and 40 minutes, respect\vely (Fig. 8) In

sybsequent experiments a 20 mmute lncuhahon perwd was

. selected to.maintain linear rates during the protease assay.

§ . :
e) :Effect. of ‘substrate concentration on the pro'tease
a_‘ctivit_y L N i o
The effect of variation in casein,céncentratibn;ts
shomiv‘l.n Fig. 9. The proteolytic activity of T18 and T6
increases with incr:gsiné conéevtnauons; ﬁf casein until it
‘ reaches a concentrat’io‘ of 3.5 mg/ml. Similarly, the upper

limit of substrate cuncentration of ‘720, and TlD proteases

' was found to be 4 5 mg/m]. thh substrate concentratian
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Fi.g. 7 Effeqt of temperature on the protease activity
To the temb;ratu‘ré regulated tubes containing substrate
and buffer, 0.1 ‘ml enzyme was a’ﬂded: Ihe protease a‘c:iﬂty{
was then determined as described n Materi_als and Methods.
o—o 'T20 p‘ro‘te,as‘e; n—dTl‘B protease
H—X x'm protease; 6_;T6 protease
' A N e
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/", . flv\J-_ 8" Time course :nf prutiase act‘ivny" . ‘ _
Protease assay was performed”’in sepayate tubes as - ¢ 3 3
desgribed in H-tzrh‘ls'and Methods. Reaénon was stowa;i at )
‘differentf\t?-e '|n‘t:’rnls by ,.aﬂditio;l o"f‘_jrcA. Th; p:otuse . -\ " :
activity was then measured by Hull's method (52). . N i
P . omd .
i o—a T18 protease} e—= T10 protease - . « =i .
i ] o—o TZO' protease; <— T6 prptease: ) v. . .
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_Fig. 9 Effect of Soluble casein concentration on the
protease aftivity .
| 1 ‘Protease'_activity,was. deterniined as des‘:ribad Ain
Nat‘eri»;ls and Mfthnds in the presence of‘(ncrea_sing‘
“concentrations of sulu;ﬂe casein, ranging from 1-15 mg/ml.

0—0 T20 protease; 00 T18 protease’ ‘.

N
®—e T10 protease; = o—o T6 protease b
p p ¢ .
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. 1]
above the opt'lmum concentration, the proteases from 718, Ti0

and T6 shdwed inhibition of activities.

- The effects of varying the conc&tratlons of a and B-
casein on various protease acti‘vitie\s are illustrated in
Figs., 10 and 11. When x-casein was used as the gubstrate, -

the prnfease activity of T10 and T6 increased linearly with '

X increasing cﬁ’ncenﬁrano_n up to'about 3.6 M x 1'0'7.' The. T20

protease activ‘l?_.y increased linearly up to‘ the doncentration
of 5.5 M x 1077, At h1gh‘er‘ concentrations the‘phe\omen’on of
inhibition was observed in all cases. = :

Lske u—casein. Increases 1n protease activities of aH
1solates were observed when 1m:reas{ng concentrationswof B-
casein were used as the substrate. _S1m11ar1y, in)lnihiﬁan of
plrcteqse activity was also observed when:g-casein T
concsntration ‘was increased after a certain Timit. For
example, the T10 protease activity increased ‘\Hnearly with
an 1ncreasi‘ng g-casein concentr.a‘t\'on up to 2.2 M x H).'E‘

before showing any‘ Siqn of inhibition.

. The apparent Km of o énd g-casein for various pr'ov.eases'

are presented in Table 2. The-value of apparent Km of a-
casein is at least 100 fold less than that of g-casein.
Her‘me, the prw;\eases investigated in this study have higher

affinity fér a-casein as compared to that of B-casein.
. .

¥ L N 3 (
s f) Substrate speciﬂcﬁ.y of . the proteases
The protease activity obtained in.the presence of "

var|uus snhstrates is presented as a percentage of the




’
Fig. 10 Effect of mw-casein concentration on protease «
actjvity . "

*~, Various volumesf a-casein were added to the buffer t\'q

give final concentrations ranging from 0.1 :o 7 Mx1077. ‘The

pro‘teolytic a:tivﬂy'ns nasure’d as ‘described in Naterials

and Methods. The kinetic constants were detern'ﬁed by

Lineweaver Burke PTot (60).
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iom Fig. 11 Effect of g-casein concentration of T20 protease - at

t .
activity . ~ p
Various volumes of §-casein solution were.added to the

buffer to give final concentrations ranging from 0.1 to 8.8°

) Mx10-%, The proteolytic activity was measured by H!ll's@

:L‘/\ N

method (52) as described in Materials and Methods. The

kinetic constants were determined by Linéweaver Burke Plot (60).

- \ 1, oo T20 <, . ) *
11, 05 T10 4 oy
. 11, 0076 ’ g ’ &
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Table 2

— . ) -
Apparent Km of various proteasesfor a and g-casein
| " ¢ i

Vo ! Substrate . Kinx . )
4 Source of protease
. : 20 18 10 T6
s -
.a=Casein [2.6 » 5.8 6.2 9.5 ‘
s-Casein 2.0 3.4 a2 | Sz o
* a-Casein M 'x_l!)'7 -~ *
- p-Casein K x 107° - ° ) PUISISE . Ve
~ ' # s -
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) ’ £ @ . 7Y
o ‘« .
" : —_
N~ <
; . )
% & B " - . .
8-
. 3 , .
.
SES, gy




E . . I %

. activity obtained with soluble casein (Table 3). Most of
the proteases had maximum a;tivnyy«;n'soluble casein which
"y is amixture of various caseins. Although the 1207 prdtease
" hydrolyzeda, g and v -caseins quite efficiently, it had very

« . little activity onk - casedn {only 13%), - The protease T18

. had more proteolytic acn‘vn.y on a'n‘d":k casein, 89 and 90, -
/ “per'cent. resp’;ct.ively. However, in the presence of g and -

ca;e(n it exhi b\teq onVy 59 and’ 54 percent actlvlty,

\ respectively.  The T10 protease also hydrolyzed, 28 ana y-'

caselns eff|c1ent1y and its act1 vity in the presence OFK,-

casem was shght'(y greater than that ubtamed With soluble
casewn. The T6 Vr{n:ease hyd(olyzed B -and k= casems mth

almnst equal efficiency, 93 and 98 percent, _respectivel_y.

Héwever. in the presence ufv casein it shoned a reduced
. actwn:_y of 57 percent. . Out of the four proteases tested, " gy
~T10 ind T6 were found: to possess-wery low activity ona- ° S
“lactalbunin, ‘a whey protein, while T18 protease did nots
hydrolyzes-lactatbumin. ln‘cdntrast,' the’ T20 p;roteasve
J . hydrolyzeq it to some/extent with about 22 percent of the
o activity. 6va1bumin was not hydrolyzed by an): of the = oAt

prouases except by T6 protease which showed only 6 percent L

. 3 activity on this protein. Proteases T6, T10 and Ti8 shpwed /,,\

32, 50 and 12 percent activity, respec:weiy. M the

presence of bovlnevs,erum‘,albunin. ‘In contrast TZU exmbn‘ed
] ‘ ‘\‘ no activity in the presence of bov(lne serum albunin.? When * )
d ¥ hé‘moglopin was -used as a subst;‘ate‘.’ T20, T10 and T6 '

-

P s “a C s weees



) Table 3“‘ i ' -~
- Substrate specificity of the proteases
Substrates - ' % Relative Actiwityx ., |°
L T20 T8 oo 16
Su]ub]e Easew,n 100 ' #1100} 100 -
| = “casetn 57 9" | 108 -
Ca-Casein .« 57 2N R PR
y-Casein,  t 500 |F . ye| o ose | &
cedSeins - .o T ND**‘ " op |-
u.-'lacﬁa:lbumim\ e 0. 2 f g
4 u@aibumin . o e | ieet 7
Bovine Serum 5 o
Albumin : ‘0 12
: HemogTub\n e 36 ). f 0

reaction mixture~ was 5 mg.-

* % Re'latwe acti

ity is ca'lc\ﬂated vnth respect to the

actinty obt. Ined in the presence of isol

** N6t determi ne&

.

-“and methnd's’. The' concentration of the substmtes in.the

yble casem.




. acfivity, respectwer. ‘Surprisingly T18 .failed to’ a_tqa;:kf'~

*h) The stability of the TZO pratease at dH’ferent pH
L

proteaSeé'were found to attack it with 36, 10 and 18’ percént :

hemag]abln, i n

.
,‘substrates 5 ’ E o
various synthetic substretes cummercially available”

wereﬂdsted usinyg TZU protease It hydrolyied N- henzoyl L-

arginihe-p-nitroanilide but had no activity on N—benzoyl—l.__—

tyros1ne-p nitroanilide and Blutaryl L- pheny]alanlne p-

‘mtroanillde. Similarly, the TZO:prntease did not hydrnlyze

the trypsin suhsvtrate, paratosy’l u-arg\mne methyl ester. A\
synt.hecic peptide hyarnlyzed by TZD protease was glycyl-
phenylalamne B~ naphthylamide. In order to de!ermine the
affln!ty of the enzyme for synthetic substrates, the effect
of varying the (:oncentration ‘of the substraces on the _enzyme
icnvtty was debermned and from the Lineweaver Burke plots
(F‘Igs J\Z and 13) Km s were calculated (Table 4). o

L # . ! . d OO

i In urder to deté’rmine the effe:t of pH, on- the stabin.y
of T20 protease} theﬂyoph‘fizeﬂ extract disso‘] ved in the *
Tris- HCl buffer having high protease achny (2. 81{1 EU/ml) J
was “incubated at varfous pH for 102 hours at IU°C. This s
prntease vas found to be stnble over a whde range of pH
(Tab'le 5); the .lcss o\“ protease actIva ‘ranged from pnly 2

,pel‘.cgnt at pH 5,5 td about 16 parcent of\ prigipal activity

g) Protease activity in tne presence of syntheHc ¢ i .




Prnteolyﬁc activlty on L- BAPA was nelsure}i dccording

. .
‘to, the uthod ‘of Erlanger et al. (55)

Th! Feaction nix.tu[e
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Fig. 13 ,‘Prntease activity on Glycyl-Phenylalanine-8-

Naphthylamide(T20) :

he proteclytic icnvlty was assayed by measuring the :
absorptinn-c'hqr:ge at 340 .nm per ml_per minute.

The‘Kn was
then determined-by L1neue7'ver Burke Plot (60).
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i Tab'(e 5. J . r

The stabﬂ‘lty of T20 protease at di}erent pH

. % . % Residual¥® |
pH oL Activity J N
" 25" o )
3.0 . 84 fe
g 3.5 § 92 ' !
. 4.0 * 96 .
< 45 oot e
5.0 100 ¢ -
ol 88 98
4 6.0 L
6.5 IR '
' 7.0 BT '
; 7.5 “ 100
. 8.0 © 94
BN J [T S
sy AR N R A 7 )
' 1 9.5 £ 81 . ¢
. RRE RS TN S ISR P :
L .+ 10.5 © ol 88’
11.0 ' e )
11.5 ’ 'za : ‘ '
: [ )

A highly concenfrated enzyme (1 QIEU/mT) preparation v‘.ﬁ
was ud'ded' to various 'huffers raviging(‘«ur pH from 2.5-11.5. .
Tty fol\uwing buffers in 0.1 l{‘concentration were used:
citrate -Phosphate buffer, Tris-HCl buffer and Glycine- Sodlum
Hydrox1de buffer. These buffer -enzyme solutiurswere stored
- under refr{geraticn (10 c) “and pruteolytlc activity was
measured as.described. in materials and methods. e .
* cﬂculned with respett to the ur!ginal activity pressnt '

. in the extract. i

J




ahout 20 p cent of their original activity. However, ‘he

!

at ph 9. 'However, the loss was much more at pH 11.5 and
only 24\percent of 0rlgiqal activity was retained after .
stornng he protease at this pH under similar conditions.
R ) .

i) Heat stablhty of the proteases

Table s demonstrates the effect .10 minute heat
exposure on the protease actlvity. The T18 protEase
retained ZB«percent of its actinty after .10 minutes .‘
exposure at 100°C while TZO TlO and. T6 proteases retained
-~
loss of protease act1v1ty was mugh more at lower . %
temperatures, for example, only 3 percent of the act\vny of
T20, T18 and T10 were reta'lned after heat exposure nf 10} -

minutes at 50°C and only 11 percent in the’ case of T6 %

prnteas_e. i . 7 3

, . Figure 14 depicts the “heat stability of protease T20, at
100°

_The Inactlvation of this protease takes place in 2

st'a"ge“s. Tner s a‘rapid- Toss’ of protease activity in nnich 5
more than 50% of the activlty is To8t in the first 10
mlnutes. In. the secong phase. ‘however, ‘the 1nacﬂvation e
rate. 1s very slow and appears: to follow'a first order.’
klnetics. /\

Figure‘ 15 shows the effect of heat exposure oh TZO
protease-in the presence of var,ylng concentrations of EalClz.
The pmtease activity decreased with 1ncrea51n§

concentrat[on of calclum cMoride up to ,0 umules. thh

further increnses in concentration. no |ncraase in :

fnactivation was obsarvod. b




Table 6 3

Protease activity after exposure for }O minutes at

) * different temperatures f
; % Ac;i'vity
Temperature Source of Protease . o ,

-+ [T20 T18 T10 T
control “|100: 109 | 100 [. 100
100 19 |, 28 S0, 20
RN T 17 332 |7, 24 27

N ISR R I T R Ja |, 22 \

5 R 1 T I T2 N 1 23 . 16|, i

. . - . | IR .

80| 7 .| 9 RO B

e so Y3 - 1 -

Aliguots of énzxme solation (2 ml1) from various
N B . . T 8
"Isolates dialy_zeg in 0.02 M Tris-HC1 (pH 7.5) were

\\ . heated: in water ba'thé‘maintairied at the required -~ ai
R i

temperatures. After exposure to heat for 10 m

» the residual uctivit,y was measured as described in -
materia]s and metnods. The residua\ activny is
P Rp— vpresented as a"‘percentage of prutease nct'lvit’y

,orlgina’lly"pr.esent in unh_eated samples (capn‘ol). &




Fig. 14 Time course of heat tréa.tnent at 100°¢ E
The T20 protease. solution in the buffer was heated for
various time intervals. The praéease activity waS measured

as described in Materials and Methods. The residual .

activity dfter heat.e e is pr as the pér g
of activjfy ur1ginafly‘present in the unheated sample (0
- - o i

time)s . - v W o

> ; 1
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Fig. 15 . Heat exposure of Tzo;pyotéaSE in.presgnce of
calcium chloride X ’ |-
The.TZU protease (I ml) was heated in the pres;ﬁcg of
various concentratluns uf CICIZ ranging from 5 - 1000
nloles. '}fter the heating .at 100° for 10 minutes. the 7
prutease act1v1ty was measured after dialysis as described
in Materials and Methods.. The residual acuvny is

presented.as percenta"ge of protea'se activity obtained in

absence of ca]ciuh'chloride.
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5. Enzyme moduTatian’ stucﬁes w5 Y hE RGP

3 =iy
“able 7 dehonstrate} the effect of vav‘iaus enzymer K

modulaturs on protease activity. The su]fhydryl reagentsj

o =l such as. N= ethylmale!amde and p- chlorom cunuenzbate had “ an

,|nh1hitnry effact on vroteases fram various isolates. - The.

1nact1vation by N- ethy\ma]enm‘lde at a concentrat’lon of 2. 5' ey

\/-- ‘mM wi@ as much as 51 percent in case of TZ() pratease and- 38

L

v percent in case of TG. Hwever. at a, can:/tratwn of 1#25_

mM only 27 percent of T20 protease act.iv.ity was inmblted.

\» e S1mHar1y, an ‘increase In |nh1bit10n was alsu observed u,hen' x
: para- :hloromercuribenzqate concent‘ration was increased from,.

:‘ 1. 25 to” 2.5 m?- Cysteu\e seeued to; stlmulate all of the

.t
three proteases’ tested however. thé stimulatmn was very \ . B

i m\nimal. For exam the highest stmulatiun ohtained»by
. N
S : . cystelne was only’11 percent 1n case of T20 protea-se, aﬁ;

h 'C-he Mgher fnzentration. did’ gt change

: chalating ag@ltrfur diva cat‘hms. hd a marked effect on X

protease activlty a_"n at a concentranan af 2.5" mM, 1t '\ .-

inhibited about 761. 0; TZO urotease acthrity. S1m1'|aHy

hydroxy quinoﬂne""n metal, chelacing aﬁent, alsn 1nh1b1;ed

7 various proteases’ quite efficienhy (pr]e 7). The t,ryps n

1nh‘lh(tors from chiqkf'embrye, 'Hma and ‘soya baan‘s and tnsy\- : 5 5
I

b;rysine ch]nromethyl ketone did not have an g




. b IS ] : "% Relative Activity
& . : T8 ~g10°
9 N |Modulators e -
. B R T P IR T R E R T e S 3
« o T omM mM WM fomMd mM (mM .
. . Control 100. (100 (100 |100 (100 _{100|100+ (100 —_
. U T s, S
N= Ethy\ma— o J ’ K . v Yy
|teiamide .73 | 49|77 |52 | 82 | 55| 87| 67
p- chloro- I e % I i
. 4 mercur1— : , 2 .
B - bénzoate s - 98 | 97| 85 50° ). 92°|'84( 83 |49
. Cysteine 111 (fogjnox | wp- {104 [108 111|108 | .
EDTA B4 |"247( 83 |72 59 60 67 |61 s T
o : 8-Hydroxy- | & =N CEE, N e
. ~|guinoline ~ 85| 68{ 78 |43 |-85 [ 70|86 | 47. %
. . . g N s B
N T+ -'Various modulators at two different concentrations ;
" were allowed to ggact with edzynes_(roughly 0.5 Eu/n1)
. W from se, ra\ |so|ates m the Tris- Hu buffer for. 10
minute§. -The ﬂotease actwitx is presented ‘as the LI
(} © . percen h\o@ctwny ohserved\in untréated -control. - @ o

\' ~\ ‘ l




( %
st \ increased ‘inhibitian with an \ncreaSe in concentration of

L :

@ origmal activity of T20 prutease.

from di

Hgé+ |nh1b1ted all nf the proteases cons1deraﬂ'|y. and the

inhibition was more than 70% in case of T18, T10 and T6.* "

"Snotgase at' a concentration of 2 mM. Dn]y TZD pratease

.
retainéd slightly higher activity in mns\f the cases.

£ Sjmﬂarl_-y‘,‘ NiZ* h‘ad a }11‘ght1y ]"ower‘ lnhihtor%effect on

‘most-of the protease activities. "However, it showe&\ani\

Uthe metal IDH from 1 to 2-.mM.  Ca?*, Coz" and- Mgz' showed*

.« variaple resu\ts. and effect of these mecal/s)ﬂtq wvaritd -

frum vse]ate to isnlate, and from one conc/entratlon to

anuther.

Table 9 shows t'r‘.?effe‘ct of various metals in th'e )

restaratwn of protease acti\vf‘by aftar complete’ |nact1vat|on

by dialysis against the Tris-HC1 bu\ffer contaimng D 1M

"EDTA. The metal ‘ions Li*; Hg2%, Ni2*, Snz"\ caz’ *'ﬂm

|
* did not restore tn‘g activity of any of the pN eases at a.

concentration of 2nM.  Sintlarly Zn2% and Cu?* ‘did not™.
restore the 'prétease activity to any considerab]e extent.

except in one case when cu2* restored abqut 22% af the '

to show stimulatiun of the pratease acti-vity included cal*,
Z}

g%t and sr2*. However, the reactwaﬂan of, .the

protease -activity in the presence of .these metal -ions was,

Tess than ‘tha},o;‘lgmally present '1n the éxtract. Only in
o i ' . ’ ke

f ersnt 1soleths is shown in Table 8. Cuz’ T2 and’

.

Metal,.ions lech appear




T e

Table 8 = g .

‘ @(}ct of metal ions on’ protease activity ! .

S D . v T -
! .
: (. N P
< R . ’% Re]atwe Activity . 5
. O Metals: 29 TR | o 6
) ' ot [ nw | e [ 2mw | Tam | 2am | 1 | 2am
. T ‘ T B -
: None. . | 100 | 100 | 100-| 100 | 100 | 100|100 | 100
: i calcium’ d B e . . P
o 4 Chioride - | 88 | 88 [ 93 ‘96 | 92| 98 1oz [110 | «
" |*cobaltous N . ) ~

»Ch]ﬂride’ 84 85 727 -68 78 7 8| 72 N

Cupric, - B o — L ¥
. h Sulﬂgte 39|20 0} 27 12? 24 ) 19-
A1 Manganese 3 * N : Lo ’
& Chloride 102 | 94 | ~87 | 100 | 93| 104-| 87 | 102
* Magnes§um . & ' N
i Sulfate 96 | 94 | ND* | 94 | 82 | 914106 | 92
. Zinc 3 )
b Sulfate 57 | 24 (- 23 4f-23| 26| 25] 14 J
. - | Mercuric )
" Chloride 57 54 30 4 46 26 60 32
: . Nickel : e . )
e o Sulfate 79 | 68| 65| 45| 71 52 | -67 | 64| -

The _enzyme and metal ions were a11owed to react with
each other in cold' (at 10 c) for 15 mﬂnutes, and then
assayed for proteolytic activity as described in M
/ . g Mater!als and Methods. .The protease activlty'is
/ : " _represented as the, percentage of the activity observed
\ w1th untreated contrwl. The cnncen;ration of enzyme was
: ; same for any protease and rnngh'ly 0.5 to.0:8 EU/m} of
% a]] proteases was used for assay.
* * Not determined
' . .
; : \ . T TP
. ,\ -




« = LE] 1 i
" 87:
“TabTe 9 i
. L e
Restoration_of prp‘te‘asg activity by -inéthl“iuns 1.,
L. » - . h
' % Relative Activity ¥ . -
Salt 120 T18 . T10 T6
None 0- B N ik
|o& B
Untreated* * i
control - | 100\ | 100.
Calcium "
Chioride 87 97
] Cobaltous N >-‘
| chroride 58 63
Cupric '
Sulfate 22
- k
Manganese
Chloride 103 © 99
. | Magnesium ;
.| Sulfate 61 61 [ 15 { 36
Zinc - 5
Sulfate 0 5 3 0
Mercuric %
Chioride 4 0 0 0 )
Nickel " o
Sulfate 0 0 0 0
Lithium ; . \
Chloride 0 0 -\ .0 0
. : \
Strontium . BN
Chloride 61 35 40 51 ®
Stannous . ‘ e
Chloride 0 o S
i = ¥
Aluminium”
Sulfate 64 7
¥ 3 .
i 5 .
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Table 9
(tnntmued) v B

% Relative Activity*':

Enzyme extracts from various 1solates were
extensivﬂy dialyzed in the Trvs Hcl buffer con-

tatmng 0.1 M EDTA. This résulted .in Zomplete
-

720 T18° | 7100 | T6
Ammoniim /" | .| )
Molybdate | 19, .96 7. . w10 | ;"8
Barium . i i N .
Chloride ol 3t .9 40 -
Cadmlum Ch'IDNde "6 e 0, . B L S
Lead - - = . <
[Nitrate - S 2
Potassium L v
Chloride, . .
Sod\um Phosfate '
(Mono baslc) J o -0

o > - -

1nact1vacian uf _the ‘protease.‘in ‘these ampless—Th

xnacﬁvated samples were redwa]yzed agairﬁt Tris- NCI

buffer to-.remave EDTA_. The redfa]yzed samples ‘were thén

tested for the protease actlvlty, in’ the presence of '

varmus metal fons' shown above. .

v % Re]aclve actwaty is calcu]ated wﬂ;h respect
‘to or1g1n'a'| activity presenp in the’ extract "
hefore EDTA treatment. .. .‘ i

13 Protease'acti ity originally present 1n the extract
.prior-to din!}sis against buffer




thl_e cnse} T18 and T20 di?d M}yzﬁ reect\'vate' the protease to

207 almost 100% activitys Similarly, Ca*.in the case of'T18.

! reac'tiilated the -enzyme to its originalTevel. 3

o . 7. "Enzyme synthesis )

a) Grnuth ,curve protease praductxon . : .

& F1gure 16 demonstrates tge protease .productiun in .

var\nus gruwth phasés of sz pratease groductwn . o

hegins early in. the Iogarithmh: phase.and continues into the k4

) )
| . : = statwnary phase. Hrter. reacMng a peak |n/the stationary

. .‘ phase there is.a gradual decTine in the - protease activit,v. .
L N . N - i . s
' . b) Inductiu’n' of pruteases » " 0
. ' " The pruteolytic activity of.each |sulace was found to

be elicited when groym in. the presence of variau.s_carbnn .
. e ’ v

compounds. Table'10'.(a) shaws the erowth and protease_/_~"’

. product\on by var1nus 1so1ates in-the presence of J_a_[luus
< . carbon compounds at a final concentration of: 10 mM. - AT1of
the ba‘ctir‘i‘al cultures grow in the presence pf casein and 0

X pradu'ce rptease act1v1ty sxcept in one exp!riment uhen T?D

did not produce protease xn presence uf caseln p‘lus c(trate :
or succinate (Table-10, b). c0mparative1y4hlgher levels.of
f protease activity were detected when:T20 was grown'in . b

pr:s’ence of o‘ne percent- milk powder.. The imount of protease

produced was. also found to vary depending: upon the carbon

compound: added into the grouth \medium (n addition to the




. with ZS milk poilder (W/v). At different time lnterv&ls

: actiu'ty.v

Fig. 16 Growth ‘\f:urva and 'nroteése production"

~A thick" Quséins’lon of blcteru was inoculated into TSB,

samples (4 ml) -gr&

n:hdrawn and assayed for ,proteol,ytlc
b'lq counts_uere also p_erforud» on these
samples ai,app}rnyr‘iate’ d.llu'tiqns 'm‘d‘plu*l_ng.

e—e Cell number . e

. 0—0 yr'gt“eug activity o 4 SR
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0 ote to|Table 10~ v . gk
Nas\r{e cell suspens1ons (5 ml)'vlere !nnqcu1ated § B
,lntu\mmera, salt media con:aining différent o
carbo'sour‘ces ( lﬂ mM excep\‘. (n ‘( ‘whére ¥
'
the a] n'oncentratmn was 100 mM) with m‘-wi(:houpI . )
0.5% (wAv) Jsoluble casein or milk powder . :
(11. w/vi\. The flasks’ were then 1n~cuha:ed at 25% - 1
for 5 days %un a shaker. The growth was measured ; U wlem
by reading\ bsm‘ption a_t 600 nm and. protease act(vﬂ:y S b
was ‘assayed by Hull's Sidthod (52). . S
i . ¢ T .
wizthdy . <
i %o : . :
‘8 s * Ve
. B V
- : -
o o
o cY
- P
B T -
\ 2
& ’ i N
.
! .




Pr:utease,pr\qductivun #n the, presence of

Table 10 (a) ,

various

carpon source$
‘t [

B ne | mo | 167

carbon source . [ p2[a”] p'|g P |a fr |o
‘Casein . 18 & 68 +,} 9+ |13 +
-Ca_sein + varuvat.e 12|+ ‘52 *\‘ 10 | + .1\9 +,
Casein +.Citrate | 0 v | e8] o‘ 8 |+ | 8|+
Casein +:Succinate | 0|+ | 29 )l 18' +°{ 28 |+
Casein + .Glutamine | 8|+ |- 24 L 14|+ 28 |«
-Case'in + Glucose sla | 664 1g |+ |26 +
Caseim '+ Lactose 0+ 54+ | 8 [+ |29 [+
Pyruvate 6 Of+] 0 - 4]+
citrate of+ ob+fof+ | o]+
Succinate o+ | of+ o+ | o+
Glutamine » [ ol+} 0 |+ o+
Glucose 0f+ 0 ‘;’ o+ | of+
Lactose | o]- ofl-]o0o |- of-
None 0f- X =101~ 0 |-

lP, protease activity,-enzyme

b, Growth




5 93
| s — Table 1‘0 (b)*
A Protease praductm_n by T20- in tﬁ)presence of -. .
v’%rlous carbon sources ) . E . )
Protease -
Carbon Source Growth EU?;??;‘%",
¢ |casein : .o+ - 10. - ¥ /-
Casein + Pyruvate’ # - 129 - i
Casein + Citrate L i 0 2
Jcasein + Succinate | - £ "0 .
Casein + Glutamine |- -+ N A1 2
fcasein + Glucose # .. T 2 ! N ' ’
Casein + Lactose L ® -0 .
we 1o+ ) v
WP+ Pyruvate e a0
WP + Citrate e z .
Y7 [wps succinate + Tos2 - )
|we + crutamine + © e
WP + Glucose + L e
© | P + Lactose T [ ’7 . w87
|Noney_— 7 - 0
- .

S *oSkim milk powdgr (1% w/v) «

r, o ' g
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v, ! .
. ! Table 10 (c) # b
'S W . ¥ . *
N 4 SN , Protease ,
— . Carbon Saurcet . ,Growth Activity. s
o | = . . .
.+ | Lactose - - »
- J ¥ o N 3 -
/ i Phenylalanine , + - . » ~
. Glutamine [ EE— . . = .
. Glycine R P A - ,
. . . ~
Tyrasine : . R .
-| Glucose -/ ', N - b &
N X . M 0 ] = i p
. Pyruvate, oL -
. TSB* g . + +
o A . % & v
s TSB'+ Milk L A 5
7 - D .
widl, * /Concentration 100 mM
** The final concentration of milk was. .
! - .
'\ 1% (w/v) add’ TSB was prepared accordfng
* . to the instruction of manu rer. n
i) : \
+ b
i) 8@ s P . -
* h - . . S e
. B ;o
: ) -~ ., B
" . A i
.
\ '
. ) L§




" result of synthesis.'de novo'

8. lmmhnq]ogicq] ‘relatedness between proteases

3 again'si_TZS protease-and T16 pro‘\:easg (Fig. 18).

milk powder.
w1th milk powder,,]ower amounts of protease were pnoduced (
while glutamine’ ‘with milk powder’ seemed to elicit higher

huws the absence of pruteolytlc act\ vityl\n the growth

+ compounds qt a final concentratlon 0f 100 mM

1n- th1s~

7 expenment no. protease activity was detected in. the pnesence‘ %

of any ‘carbon. snurl:e alone except in TSB w:cn or mthuut

'\g{n'lk powder (l% W/v) some pv'otease act\vity ‘Wwas de’tected.

?uu:e no protease activity was, detected |n the cell extract A
from various bactenal cultures after ceﬂ d|srupt|nn (tah]e*

11), the yrotease. acunty&‘ghe ium was’ probably -a .

of the enzymé protein, as
discussed later. 5 5 Ve . L

Various »‘imllnu‘nojfxgica’l reactions de;r\von}‘tr‘ate_d. that'
proteases’ from T25 Ti8, TlO T6, 125 and Ti5 ai’e_'
1mmunolng1ca11y re'lgted to each nther‘ Fig. 17 shows the
inhibition of T20 pratease by ant|serumaprepqred agamst

nh1b1t|on of !

purif1ed TZS protease. rﬁore\tmn 50 percent,

T20 protease was obtained at 4smg¥her m coic
- v

1gG. ” £

tration of
P
~ ‘

Siqgli.precipit1n bands were, obtained phen T20, T18,

T10 _6“du5 proteases were reacteﬂ.;ith 'anT1§erum produced

A1l of the

. N

» -
"For examp]e in presence of Iaetose or citrate |

Lﬁls of protease actlvnyﬂunder slmllac‘ condvt!ons. Table ! .
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1 SN = =8
Table 11
. e -
= % Protuse activity in growth medium and
° & cell extracts of various isolates B
. ~
Prot jf =
Act vi} L . ® % -
T20 T8 T10 T6
Growth 0.318 0.281 | 0.267
-Medium o M %
5 . cetn B
- Extract 0.000 0.000 0.000
. s .
- o ¢ =
s . s
0 %
z ¥, oo
S ! :
P - 5 s A
Ty N -
g - g =
i . . ¥
. : ‘ o
. o
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Fig. 17 Inhibition of T20 protease activity by Ig6'raised
- "agu.inst 125 'ﬁrotease [ /
‘rhmntig‘en".(TZO proteins) containing'about 0.5_enzyme
unit/ml wa5.a1iowe}’1 to react with the ‘antibody in'buffer\f,or

15 minutes at 25°C. The rea®tion was started by dddition of

A the substrate. The residual activity is presented as the

_percentage of activity observe;! in the absen‘ce of ant‘llbod);.
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“different temperatures were ysed. .

. e
precipitin bands: formed by antigen-antibody reaction in

Ouchterlony's double diffusion technique fused together.

. The Tines of identity indicated that each of the four

proteases carried antigens with similar antigenic '
detérminants. ’ ’ y

The precipitin bands formed by ‘immunoelectrophoresis .
are presented in Fig. 19. All of the crude enzyme
prepa‘&tmns tested formed a single pre:\pith\ arc.

Similarly, a single precipitin. arc was aTsu obtained when N

purified T20 protease and proteases produced.at two .

9. Determmation of-molecular weight ‘ .

Molecular weight of the T20 prot:ase was determiy\ed by
ge] filtration on a Sephadex G-200 column-as descr‘bed in
Matem als. and Methods. F1§.~20 shows a standard plnt :
ubta\ned from the experlmental data. The ‘molecular ueLgM

ofATZO was found to be 43,000 by this method (Fig. 21).




.Xg. 18 Ducmerluny s double d1ffusion technique
/ The enzyme solutions (10 ul) from various isolates
containing about 5 mg prgte\nlm'[ Here placed into .the wells
surrounding a central well in which 15 ul antiserun ul
plaged. The frames were then placed in a humidity chamber
/ﬁp:ncubated for 24*hours at 10°. The immunodiffusion ; .
/ gels\ show cross reacnons among (A) T20, (B) T18, (C) T6 (D)
T10. In (I) (_gG raised against T25 protease and in (H) 146

raised,against ‘116 _protease was poured. !







A .
Fig.l 19 -lnlunoelectrophoresis of pv_‘o‘teases.' .
“About 1p ul of protease solutdans were pou:;ent‘h‘t’ivp
mells on each side of a central trough. The gels were :then
electrophoresed for about 2 hours at a current of Fm per
fraue.’ After the electrophoresis the gel from the Central
trough was removed and antiserum or antibod)lr was applied and
i in cold for 24" hours for development of the

precipitin arcs.

g),‘ T6 protease v H

b).* p’artial_]y purified T20 pro‘tens‘e
c) :.Tie protease X B e
.d) T10 protease . - .
e)- T20 prote’ase produced at 25° £
£)7 T20 protease produced at 5°C
i) TIg6 'ra‘tli agni'nst T25 protease
ii) 1g6 raised against F16 protease
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Fig. 20 Standard curve for molecular weight determination
A colusn (2 x 45 cms) packed ‘with Sephadex G-200 was’
_usea for molecular weight determination o‘f various“j“

— proteases. The proteins used for 'the calibration of the
column were, Ferritin (440,000), Catalase (220,000), Alcohol
dehydrngenase (141, 000) AldoTase (158, 000), Bov‘lne Serug
Hbumin (64, 000), Ovalbumin (43,000), Chymotrypsinogen A
(25,000) and Lysnzyme (11,000). The:column was calibrated
With 0.02 W Tris-| Htl buffer. Fractions (3.1 ml) were
cul!ected and the absorpt(on at’ 280 nm was measured. The
Kav of varlous prote'ns were determlned using Vo of Blue
Dextran (200 000) *and the log of molecular ue!ght was
p'lotted against Kay. v




. 106

b0 . b 50
\ 1‘M~Wf' (Log)



Fig. 21 - Determinat(on of molecular weight of TZO protaase
on Sephadex G- zuo column 4

A concentrated sample (4 m1) was applied on a Sephadex
2

column equilibrated with warious protéins for molecular

weight determination.
Tris-HC1 buffer (pH 7.5) at a flow rate of 18 ml per hour.

Fractions (3.1 m1) were collected and proteins (0—o) were
determined by measuring the absorbance -at 280 nm; also
assayed for profeslytic activity { ) as described in
Materials and Methods using 0.1 ml of each fraction. '

The proteins were eluted with 0.02 M.
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DISCUSSION . i t\ °

; Eg;}:ial purification of protease

The protease from T20 was partially purified-by a
combination of ammonium sulfate pr\ecip\'tatiun, gel
filtration and affinity chromatography. Other.workers haVve
also ﬂsgd a combination of various techniques :5 purify the
extracellular proteolytic enzymes for various Pseudomonas
clgs. Thess technigies (retude saltiig out, gel®
fi]t’ratiqn and affinity chromatography (26.‘29, 30,.32, 3;),.

In present studies, the T20 ‘protease was partially purified

‘with a fourteen percent recovery 'of the proteoiytic activity -

originally present in the -crude eitract (Table 1).
Tg(,preci;ﬂtate the T20 protease from the crude extract,
solid ammonium sulfate-(at 60% saturation) was used. The
precw\tated proteins wer® then subJect:d ‘to gel Filtration
(Eig. 2). The peak of proteolytic activ(t&r on ge]
Filtration corresponding to the proteins in peak 11 was
found to be symme;rical. ThiF sugges‘ted that only ane
molecular form of the protease was present in the growth
medium of the isolate nux‘nber T20. However, ~electrophoretic
homogeniety was not achieved at this si;age. Hence this .
protease was further parified by affinﬂy column " ,.
chramatmraphy. The protease bound to the affimty column
quite efficiently under al:'uiic conditions) For‘t‘he elution
of the bound proteins 0.1 »M 'Tris-m;l buffer (pH 8) was used.

*. The proteins eluted readily in this buffer. Haweyé‘r,

af




A, . R, ¢ ) <o

proteins not showing any proteolytic activity weretalso y
eluted in b1 is buffer, as indicated by two d\;ttn:t peaks h\ .
the elhon proflle of the affinity coTumn (Flg 3). # e

. proteolytic activity was associated” with the second peék

«(b), the peak 'a' not showing any protease’ acu\nty

The finding that the non-proteolytic protein bound to .
the column efficiéntly and eluted—with the protease” e P

suggested that this pro:ein' might be the fnactivated

‘prutease whn:h retained vts.capac'lty to bind to the afflnlty

1

L o

" of e?ectrophoretlc heterugen(ety of the pur1f1ed protease . 1
' 1

<
Folumn. an)eover. the part(a]\y purlﬂed protease huwed B
multiple bands when electrophoresed with or without SDS. '

‘Only one proteinﬁhand.(c‘urrespm!dmg to p in F1gurg 4)
showed protease ;ctiﬂty when ul ained. gel was p'laced on
milk agar plate soon aﬂ:alL pu1y§y1a«nde gel »
electrophoresis vnchuut DS as described in Materlals and i & ) -
Methods. Hen'ce mu’lt!p e ‘bands In the ge]s were mosEJ
probably Eue io the autodigestion of thie protéase. On the .
basis-of above findings it is cm\'c\uded that the” most

prol;}ble explanation for nqt acmev!ng ’zlectrophoret"ic e = N
humageniety and far )ow recovery is the autndigesth f the

prdtease during its purl‘ficncwn. Other prateases are aL&fo-

known - tosbe aucodvgested on pur!fiéaiion. Baethling (33)
could not obtain a s1ng'|e prnte‘n band when he

e'lectrgfhoresed purified extracel'lu’(ar probease from P.",

maltothHa. He *also found au:ndigestton to be the cause

from thi;vsourcec - .




2. Properties of proteases
- s ®
v .
a) pH optimum E . -
A1l of the pr;teases investigated were found to be
maximally active in the neutral pH range. The pH optimum

for the T20 protease: wasvfound to be 7.2 (Fig. 6). Other

,proteases were also found to be maximally active in the same

region. Hence, these proteases can be classified as neutral
proteases.. Other Pseudomonas proteases are also reported to

possess pH optima in.the similar range (28, 29, 35, 36).

-b) Températdre optimum ' i i A
2 Hl\en,oroteases from various, isolates were ‘assayed at
dlfferent tempernans. all of the uroteases showed maximum
actinty at‘ temperature of 35°C. This 15 in agreement to
the finding of ‘Alichanidis and Andreus 129). 4S1|ght
shoulders in g_lpernure versus icthlty curves .ﬂgnt be due
tn mntiple ‘forms of the prntease (each naving different
te-penture optima) or duz to the exper\nental errors. As/

d|scussed. edrlier, gnly one protease is .produced by T20 an

‘probably by other isolates. Heace, these slight shoulders
‘were-most probabl) ‘due to experimental error. Other

‘Pseudomomas 'extncaﬂuja‘r prntease§ had much higher

temperature optima. For: examp]a. the temperature optimum

for MC 60 ‘and’ B52 protuses was as h1gh as 459C (34, 36).
ATl proteases investigated in this study .showed very

Httle activity lt a temperature of 50°l:.. even though the
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proteases were gtable at.higher temperatures. This is in

agreemont with / he findings of other invistigators (29, 35,
7 36); .The *findings in the pH and temperature profiles of

various préteases are quite important with respec‘t_ to their

tndustrial apﬁ'licn'iqn. As depicted in Figure 7, all®of the

» proteases retained cons\dérsble actiyvity over a wide range
of temperatures. The T20 protease, for "example, retained 9
pepcent and 49 percent of jmaximu?ﬂ activity a‘t a temperature
" of 1 and 10°C respectively. ‘This low activity at low
temperatures and the maximum actwny at or r}ear neutv‘a'l PH
mfy cnntr]bute to flavor defects and spoilage of the milk
and other dairy products, wh"ch .are usually stored under ® N\
refrigeration. White and Marshall (66) observed Tower
I flavor scores in cheese made from nnlk containing protease
“from P. fluorescens P26 held at 4°C for 12 hours. Law et
(67)-ohserved gelation of milk by. protease from another [~

"*T-p. fluorescens strain,

-
’_c. CEffect of substhate cnncentraHDn un the utease
) Jactivity : : 5
The effects of varying the soluble casein concentration N

are presented in Figure 9. The enzyn(e ve\pc\ty increases . ‘

upto a cancentrauon of atu’:ut 3.5 mg/ml in the case of T8
and ‘76 proteases and 4.5 mg/m] in the case of T20 ».m??'m
proteases. ‘No further- increase in:protease’ activity was 2
observed with further increase in concentration uf soluble

casein. Rather there is a’ decrease in protease act1v1ty of
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isolate number T18, T10, and T6 with increase in - (o
concéntration' of soluble casein over 4.5 mg/ml. ‘This
decreaseé in protease activity suggests that at’a higher
substrate concentration, inhib';‘on of protease activity is
taking place. However, the nature of th; inhibition is not
known. It is not known whether this is an indication of
true substrate inhibition or if 'it is in fact inhibition )
caused by the increasing amount of product accumulating as a
gesult of nigh protease acti\fi_ty at Mgn:r substrate
concentration. Therefore. on the basis of these
experiments, no comment can be made regarding the nature of
.1nﬁ1hit1un encountered ‘at Ingher substrate concentratlon.

Just as in the case of solible casein, inhibition cf
'brntease activity was alsoshserved in most of the cases
when a and 8-casein were used as substrates. However,-the
degree of inhibition observed was much lower than that
observed uhen,sp\ub]e c‘ﬂse.in (which is a mixture of various

.
"casein fractions) was used as the substrate.

Depending upon the “source, various protei;es showed a
Tinear i'ﬁcrease,in activity with increasing concentration ofa
or Bcaboin before showing any sign of |nhibit|on. Since\
for each protease |nvest1gated the activity hu:reased )
linearly up ‘to a certnn c,nncent'ration of the protein
substrates ( aor g-caseins) and inhibition of protease
activity was detected at only higher c‘t‘)ncuptratlons,
probably ‘the phenomenon of substrate inhibition is involved.
This is Fonslistent with the mﬁibinon caused by soluble

: ! .- .




ns
casein. However, a.greater degree of ‘inhibition was*
observed when soluble casein was used as the substrate.
#This is as expected-since a comparatively higher soluble
casei; cun;:entration is used for protease assay.
ihile i‘nterpreting the Km values, it should be taken
'in_to account " that an end point assay method with a 20 minute
incubation period was used foroneasure_uent of protease
activigy: Although ldnearity of protease activity with time
'nas established at a soluble casein concentration of 2.5 mg

per ml as described in Materials and Methods, the rate of

prntease ac‘:ivity might 'not- be linear:for 20 minutes at
Tower substrate concentration. Therefore, the apparent, I 8
‘values preseinted in TabTe 2 could probably be-slightly lower
or higher than the actual values. Within these liln'tati.nns

~ the conclus"nn that can be drawn is that the p}'oteases
- investigated here have a higher affinity for a-casein than
~for ?-.casein. This is in agreement with the obseiyatién of

»Kiru et n. (68) who observed changes: in casein composition

nf milk nhen flavor defects first appeared in ni'lk and part
f a-casein was removed. Overcast (69) Ghserved some

-dlstinct—chinges in elution pattern- of casein when milk was

. incubated wl_th P. fragi, P. wtrifacien‘s and P. fluore'scens.
g-casein dlsap‘pear:d completely after 42 days at 3-5°C. The
deg;-ee of hydr‘nlysls of milk J:v:ntpins and selectivity
depends up'nh batterial culture as well as the gonddt‘ibns.‘
employed (46.. 47). Thg"dita on Km_va'lucs"of vlr‘(ou‘s

extracellular proteolytic enzymes of psychrotrophic
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pseudomonads are- not available. The activity of 0.024

enzyme units per ml of crude culture supeqpbtant reported

for P. fluorescens B-52 (35) protease is much lower than
that for T20 protease which was found to be 0.652 (Table l)
Hence the proteases descrlhed in this report are much ulore
active than the P.ﬂuorescens B-52 protease. Other
proteases are also reported to be several fold less a;:t'e
) than the proteases investigated here (30).
1 ¢, @
d) Substrate specificity qf.proteases

Pruteins other than solut;le c:ein‘u;re hydrotysed by
T20, TlB -T10 and T6 (Table 3). However, no single protel-n
was hydrnlysed with sllilar eff1:1ency.

Hence, on. the basis
of these observations the substrate of cnoice'nnuld be
suluiﬂe casein, which is a mixture of various proteins (u.

s 8, vand k-caseihs).

In this study very little work was done on synthetic

peptides. Further work is needed toﬁeduce the anirio acid,

specificity of these proteases. The T20 protease ﬂydrolyzed

5%
the synthetic substrates, L-BAPA and Glycyl-Phenylalanine-8-
Naphthylamide. -The

"rhe,\K- for the latter Was much higher (Table
.4

This is’as éxpected, since Glycyl»PheﬁyIahnine- -
Naphthy’lamide is a specif‘lc substrate for cathepsin.C (70).
The Km for L~ BAPA was also higher than the Km of tr.yps1n,
which was 0.939x10°3M (55).

No activity Qa.s observed on N—aenzoyl-L-Tyrosin; p-
Nitroanilide or Glutaryl-L-Phenylalanine-p-Nitroanilide.
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This sugges.ts that probably the 120,‘proteesg’15’k\?eciflc for
hydrolyzing a peptide bond of a baslic amino acid near the
carboxyl terminal. The inability of T20 protease to s
any activity on TAME suggests that Lh‘; T20 protease does not
have any esterolytic activity like trypsin. Horegver, the
protease activity on cathepsin C substrate (Glycyl-L-
phenyTalanyl-g-Naphthylamide) by T20 protease also suggests:
that this enzyme hag dipeptidase activity.

3. Enzyme modulation studies
The proteases from 120, T18, T107and T6 were found to
be inhibited by metal chelating agents 'er. EDTA and 8-

E hydn;xy quinnline.‘ Hience these proteases are

-metalloproteases as are some proteases from other

pseudomonads (28, 29.432, 35). In additiop to being
inhibited by metal chelators the proteases in this §tudy
were also inhibited slightly with .sulfh:ydryl ‘r“efgents such
as N-ethylmaleiamide and p-chlnrqmercﬁrlbenzoit:. The- §-
extracenular\'protnse from P. fluorescens strain ARLL was
also foind to be; inhibited by metal chelating agents as well
as by sulfhydryl reagents (29). In contrast, some other
~ps‘emmvgmnads produce ‘extrac;lluInr prbunses which are

- |
inhibited only by metal chelators (28, 35). “ !
4. Effect of metal fons on grogase activity |

A
Once it was established the proteafes from the fourv S
isolates (T20, T18, TI0 and'T6) ugr\e 'meu'llnprnuuses. .

|

!



#
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attempts were made to identify the metal ions involved. -Out
of the many ietal fons tried Cu?*, Zn2%, Hg?* and NiZ*,
/\'n‘in'bited thé protease activity of T20, T18, TlO_ and T6.
Metal jons Tike ca2*, Mn?* and Mg2*, had eTther no effect or
a very sdight inhibitory or stimulatory effeci.: Since {he
identity of the metals involved in protease activity could
_not be determined by Ene/se experinents, a new set of
experiments was designed/. In the second set of experiments
.the proteases of various isolates were comglete'l_y
1nncrzlvated by. {reatmentl with EDTA as descrﬂ)ed in Mater(als
and Methods. The protzaLe activity was then assayed in
presence of various metal ions. With a few except'ons.
Cuz‘,_ zn?t, '“920_ NiZt, ‘i'. Z’. x* 4nd Na* were unable to
restore anh of the prote‘isg activity (Table 9). cu?*, zn2*
dnd Hg2* were prev'uu‘sly:“shoun to be inhibitgry (Table 8).
Metal ions. guch-as Ca*, To?*, WnZ*, snZ*; Albhz*, Mg2*
and Pb2* réstored the protease aé:tivitits of various
isolates to 'some extent; the degree of restarnion of
.protzase actlvity differed frum one metal Ian to the other
and also among the different isolates. Other proteases are
known ‘to require divalent cation for activity. For example

the protease from P. fluorescens B52 requires ca?* for

st'abﬂ’_iutinn of enzyme whHe Zn |s involved in the
_brutease activity (35). On the basis of present studies the
identity of the metal fnvolved in protease ‘activity is not

known. The only, conclusion which can be drawn i3 that—some



divalent cation might be involved gith.er. for ma{nte;mnce of
the enzyme structure or involved in protease aEq1viEy.

S
5. Heat stability .

Many psychrotrophic pseudomonads isolated,from milk and
other dairy products are known to produce extracellular heat
resistant proteases (40, 41, 45, 47).. The T20, T18, T10 and
T6 proteases were also found t¢.be heat fesiktant’(TabTe'S);
Althoush Ca2* and/or n2* are known to play important roles,
in prav1dipg heat stability tn othe' proteases (35) 1t seems
that botﬁ of these ions do ndt p1ay an important role in the
revéntion of proteolytic activity of any isolate ’
1nvestiga§éd in this study. _The presence of Calt in '
reac_t;‘lon mixture d}ring heat exposure" of T20 .protease did
not provide extra heat stab‘llty to this enzyme (Fig. 15)
Since the role of endogenuus Ca ion was not investigated,
its participation in providing heat stability.to T20
protease cannot be rQ{ed out and hences no conclusion can be
dravm with respect to the role of calcium ions in provlding
heat'stability to these proteases.  As far as zn2* 1"s "
concerned & cannot.be the metal ion invoived in maintenance
of protease activity ‘during heat exposure as it .has au
inhibitory effect ai g1l pKtease activities (Table 8)
Therefore, on: the bAsis of these experiments,” the mechan(sm
of heat stdbility-tannot be deduced. Moreover, likg many
otper proteases these proteases were also sh‘m‘l‘n to~ﬁg\

inactivated to a greater extent at lower temperatures than




_psychrotrophic proteases (36, 47).
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at higher temperatures. This phenomenon of 'Low Tem’peralure
Inactivation', is observed for other proteases (42), and h»gﬁ"
already been discussed in detail (page 18).

6. Control of Synthesis

~ The protease product‘inn by T20 begins in early
logarith:\'c phase of growth and continues in stat{i_onary q
phase. "S(mihr findings were reported for other " 5
y The reason f:n: the
increasing amounts of protease at the beginning of -
logarithmic phase and then its decline in late stat{onar,v -
phase is not clear. anever, it may be uxp'lained as

follows: 1in the early )ngarlthuic phase vmen the bacter(a
are growing exponentully, they require cont!nuous energy
source as well as »imno acids for synthesh of cellular
proteins. So the extracellular protease préduction begins,
probably stimulated by milk proteins or any\of their
degradative product(s), produced by bas’il levels-of protease:
synthesized ateall times irrespective of composition of
medium (71). The’ assumption that the sé:retlnn‘uf proteaser
involves synthesis 'de novo' is supparted by the general »
observation that most extracellular enzymes are not stored,
h\side .the cells. This was also found ﬂ(he true for
extri‘m‘llular yroteases investigated in this report, as no

-protease act‘lvﬂy was detected when assayed in the cells

after disruption (Table.l1l).. As more .and more proteins are

i : 59
degraded, increasing amounts of the stimulator are produced



which then elicit further protease production. in 1atej)
stationary phase the supply of ths 'inducer' is decreased

and/or a catabolic inhibitor (phpkably a représsor) ‘s

produced which then decréasgs (represses) the protease
productin’n“.- No concrete-evidence was provided by these -
4 Fudies and further work is needed tn’pravide the evidence
"in support of these speculations. However on the basis of
these experiments, it ‘seems probable that the pr&teases
'_ reported here are ihducible “enzymes"jn whiqi'milk_‘p‘rotein‘s
. play an jmpurtanvt' role E‘m‘ilthatlcataboli‘c repiression may

"*also, be involved in, control of synthesis.

7. Molecular wei ght determination

The molecular wéfgpt of T20 proteasﬂ‘was‘ determined by *
'

gel filtration on Sephadex G-ZOG‘quumn, and was found to be "

43,000. 'A molecular Awei;ht of 44,000 was estimated for
another isolate in this laboratory (72). Other -
investigators-have determined the mélecu’lar weights of other

pseudomonad pra?e‘éses which range from as low as 23,000 (30)
PR

* to 50,0007(32). . ’

8. Antigenic relatedness- of pruteaées
The IgG raised-against T25 protease~was ‘effective in
inhibiting '[20 protease activity. This finding together
with the observation that*the precipitin bands in
‘chhterlony,‘s double diffusion tests fused together

indicated”that the*proteases. from-various bacterial cultures

'S
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share similar antigemte determinants.\ Additipnal evidence
in support of antigenic similarity of various proteases is
the finding that similar precipitin bands were formed when

196 raised against purified T16 protease was used.

o
Formation of single precipitin arcs in immunoelectrophoresis

with either of the two IgG preparations provided further
proof of antigemﬁilar(ty of various proteases. In
addition to this, formation of single precipitin args wit‘h
crude extract or par‘tig]_ly pui:ified YZg protease indicated
that only one protease is prndu“ced by T20.
Immunoelectrophoresis of "720 pArv‘otea,se syntheéized -at two
different temperatures (25° and 5°C) ‘also pruvi&ed the
wvidence in support of the assumption that the enzyme
synthesized at two different témperatures is also the same

(Fig. 19). "

v



investigations:
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2.

5.
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8.
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CONCLUSIONS

The following conclusions are drawn fr% these

The proteases from bacterial isolates numbers, 720, T

T10 and T6 are neutral proteases.

These proteases are active over a wide range.of

temgeratures, having 2 temperature optimum ‘of 350C.
A1l of these proteases require metal ions for their
activt_ty,.hence arelgclassified as metalloproteases.
A1l Ai‘e‘a'ctwns_ of casein (a, B, Y and k) a‘re hydrolyzed*
by the pioteases’.investigated hvere, a1thdu§h vari‘cus
proteases shuw different rates of hydrolysis: of these
prctelns. — K

Proteins other than“casein are not acted upon by these

proteases efficiently; hence the substrate of choice is

_‘casein which is their natural substrate.

The synthetic substrates, L-BAPA and glycyl-
pheny?alamne B-naphthylamide are hydrnlyzed by T20
protease. !

A1l bacterial cultures produce highest level -of
prnteaée activity when grown in .presence of mﬂk:
These proteases are extracellular in nature dnd are not
stored in the cells before segretion. ’ *
The proteases from several isqlates of Pseudomonas

fluorescens share common antigenic determinants.
° \

e



) 123
Y !

10. "All proteases.investigated can survive heat treatments
~
at high temperatures 00°C).
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