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frdm 50 to” 40°C A dram;

_ ABSTRAET - i

v There isa trend in the dairy mdustry wwm-ds the storage of bnlk raw mxlk

at’ refnerated temp\ntures for Wended penods of time before'| procossx

hacnce has the d ' of providing conditions favoirabl fur thwmwth of

psxchrotrophlé 1cold»tolera|§r mlcruqrgnmsmsdq;fj raw milk psychrotrophs aye

heat sensmve Gram-nej tlve bactenn, Thany.- of wluch produce\heat—reslslnnt

# extncellular proteaes Th heawtsblhty of th e enzymes ennbles them to retain,,

cleanng ol‘ mllk nnd rednchons in. cheese quld’s/
b :

Themstsﬁe Siracellular proteases of six psychrotrophic pseudomonads'
- isolated fromraw milk were.pnnf ied to-he ity ‘by affinity chron L

enzyimes were 38 to 59% before ion, by iltration. The molecul

welghts, whnch were determmed by gel-! I'lltrauon, were 38 to 40kD and the
protems ‘had_isoelectric pom@(pl) from 5.7 to 8.2, The optlmum pH for

proteclyhc aahvny was between7 and 8, while the optlmum temyeramre ranged

Each ol”the were es as indicated | by thelr itivity

to the- metnl chelating agent” EDTA.. Re:wrnnon of nEhmy to EDTA-trented

proteues was achieved by the nd ition of Mg, Mn or “Ca‘ions. The predommnnt N

loss of dctivity: was gnted for each protease at 4‘S°C4 5

L uslng CBZ—DL,, ylalanin TETA h 4B.. The yields of . purified -
S L] : g ¥ f; g




A

lole\ved by Mg and Zn, vueh tuce\ lmouMA “of Mn The lmmo ncxd n:onﬁm of

each of l.he proteuurwere & ilar; mth hlgh nnmhen of Bp:ﬂle u:xd qenne,

gly:me. nnd -.lmme rmduu The I‘i—urmma.l a.mmn acid determmed for the of #%
the prouun was found to- be threomne The 'I‘lb protem contained two

lucosamil uu{ I imine, and was clml{ed asa glyconrotem
v/ : » B s A G
- Five of the six pmleues exhlblted 8 preference for a-cmm as a prol.un‘

uubstmte, whlle T1e showed greatest. ncnvn.y bnw;rds »cnsem None of the
#

/ pmeases was ahle to  break dqfv.‘

';‘ lok I' Goll ase and ela.gtase ctivities were no_t‘ed» for each' broieﬁe.

'The T16 protease was.quite stable, with a lj—vlr lt 150°C of 2.2 min. The L
prsencgol‘ Cn or Mg ions itlblhzed the TI86, protease lgnnst mncnvauon at 90°C* ;~

for 10 min ‘while lactosé had no effect. The econdat of the TI8

b

" geographical reglonm_veu similar (58 to 82%) with theucephon of 015 (« e
5 & v :

»~
pmtease consuted of 'nndom cml' (S‘I%) and p-structure (33%) with no- rhek* —
Upon heumg from 15 to 55'0 the seeondar! structure-tended lo Fecnl\e more

random.

All of the proteases cro&uute ‘Wllh thu -nu urum to the T16 protease;

mcludmg the proteue ol psychrntrophlc pseudomonlds lrom 0 mm, British.

* Columbis, - Ireland, A‘, Australia and the Neterlnuds An enzyme—lmkgd

: mmunosorbent mn‘y (ELISA) was developed using nn—Tw IgG, whleh was

" sensitive lo a mlmmum eoncentrnf‘n of 120 ug/lnl of purified T18 proteue The .

mole %:G+C content of the DNA psyehrotrophle puudomonldw from dl'ﬂerun.

v . 2% >
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:Chapter 1. -
INTRODUCTION-
1.1. General R . .
ia id mi s \y perlshahle food whlch has conslderahlc nutrmonal

.',""“d uconomlcal |mportnnce The nutfitive value of mllk is well dccumenled

+ (Jnkobsen' 1978)." ‘Milk alone provxdes all of the nutnents reqmred ‘By Lhe .

ewbrm\ln developed countnes, 20-30% “of .the poptlhtlonv! dletary protein is_

proyided by mllk and mxlk produc',s Accordmg to- Slanshcs Canada (1986) lhe

production of bovme milk in Canada for 1985 was in excess of 7 rmlhon kllohters, ’

with, a cash valne‘ o[.npproxlmately 3 bllhon dqllar;. *“Much of thls milk was

% purchnsed'by the‘ dniry industries,~ w'hich process-.;d it inbo a variéty of pr'oducts

such as 2% rmlk avaporated rmlk powdered milk, cheese, butiermﬂk yugurt
& s

and ice cream..a:

e The major problem for the dmry mdustry is.the poor kee j

) mllk Tlm oharac’tenstlc ot mxlk is not surpnslng hecause mllk wal 5

u-ahty ol'

‘passed xﬁlmedlately from the mothﬂ to thn newborn Hlstox cally. the rapld )

1

products such .88 thnl;se, yogurt, and buuemnlk These ﬂrodncts are leSS‘

snspepuble to spo)lage lhun liquid mllk and a3 a, r!sn{t can be‘stored for lonzer

m(ended to be




2

There area number of lactors which contribute to ¢ E% aetenorahon of milk,
Some are mherent to the mllk and inelude lipid ox:dmon and the activities of

endogenous en;ymes Others are externnleactou resu’ltmg [rom the growth ol
microorganisms (Allen and Joseph, 1985). © .0 - 5 ~
' 1.2, Inhemc fact_ora uauuing ‘milk spoilsge

1.2.1. Llpid oxldatlon in milk 8
" .

: . The mu]ol' ¢hemical remmns _which rusult in milk spmlnge are lhnsc *7

it
* involved “in: lipid oxldmon i/ﬁls is the ondsuon ol’ unsalnmted fnny amd

“residues’ in n;ilk to lo}m ueri ’i e pefoxides whi ch. docon cto 3mld mm‘nl
i ol‘f I'Iavuure\i cumponuds such as ketones nldehydes, nlcohols. hydrncnrbons, 2
acids, and epoxxdu (Rlchardson nnd ]\urycka~DnhI 1984) A vnncty of cm.n.lysrs

! .or pr&oxldnnts, such as metnl |ons, nscorblc -acid, curotenmds. nbnﬂuvm nryul
hght have been fo«nd w favour hpld oxldauon in milk, [Allen and Joscph l985)
o : , E & w®
1.2.2. Eﬁdoggpoun enzymes DR 0 &

" The biosherical chéuges inmilk are piimarily a result of proteolytic and

llpolyuc enzymes. These enzymes'may be. of endogenous Ol’lgl\l .e. pmduced by

the nnm\al o they nuy b‘ ;" d by microbial
’ s . ! 5 e
Prptzeolyuc eniymes R : -
- E i . Y
.- The présénce of naturally occurving, proteases in milk~was first reported o)

1897 (Eigel et al., 1079). This endogenous milk: protease .is belieyed to<be -
b - plasmin, -a sérife ;;mteue, ‘which 'pmb_ably originates from the bovine plasma ‘and

-




B Andrews 1983) The' asycasein i also‘very susceptlb wh e nsl

. ) 3 :

subsequently is transported across/ the mammary epithelial-cells (Humbert and

Alais, 1979). The native protease and plasmin are similar with respect to pH

B
as well as

optimum, heat stability, snd to vmous
anhgemc relatedness (Elgel et a.l lﬂ79)

The concenmhons uf plasmm and plasmmogen in'milk are low, o u—o 73‘
pg/ml ard 0. 55~2 75 pg/ml; respecnvely, and appesr to be dependeut on t.he stage

of' lnetntmn -md henlth o! the cow [Rmhardson 1083) ‘The enzy’me is thought to ©

n-mllk.

_he associated wnh the cnsem mwé

B lee trypsm, plasmln is Inghly specﬂ'c for bonds, adw:em to lysme resldues, ’

nnd in m|[k is’) most acuve on, p-casein to form —rcasmns (Humbert and Alals, 1879

hydrofyzcd slowly Kappa cssem and the whey yrotems have beeh found to be

very resistant- to pmteolysls (Snoeren ec al.; 1979) Plasmm is qu' o heaz stsble
'urrl sumves ultra Iugh bemperdture h-eatmem.s 140°C for 4s (Mlchsndhls et
al.,. 1986} It has been sug;ested thnt thls natwe mllk prouase mty cohmbnte to

the spollage of; UHT rmlk however there hns been very hltlu evndenee to snpport: .

this v:ew [Vlssel‘, 1081)

" v v e . 2 o, .
\ In addition to plumm, there hnve béen repons that Lhmmbm, an“acidimilk .
P

otease, md nmmopeptndsses are. alsn present in, mllk However, their - ldennty

and relntive concentrauons hsve ot heen clenrly eslnbllshed (Fox, 81) (\ .




SIS 4= ~
Llpolytlc Ensymes
Llpsses are a group\ol' enzymes which hydrolyze lipids to h'(e fatty auds

resulnng in the development of off-flavours in milk (Jensen,.1964). The only .

nsl lvemq\e kuown i bovine milk is Tipopiotein ipase,(LPL). Tt i
A beheved to result from Iealuge from the mammary gh\nd mto ‘milk (Jensen nnd

an, 19733) X ) )

. PO |

LPL is active ngumst milk fat in naturnl glohllles only nlter che durupzxon of

the milk m globule', membrnne (MFGM) This may ocenr dnnng aglmuon and . -
. homogemzatmn of ‘milk (Deeth and Fltz~Gerald 1983) Thls enzyme: hu '
-molecular/welght of 82,000, an opumum pH of 8- d is’ consldered relatively .
) unmble. Itis lnmwated by ultraviolet: Ilght heat and oxidizing agents LPL Ls
pnmmly moclated Wlth the cnsem mxcellés, and it has been sxown thut cuems
stalnhze the enzyme nga}nst heat mnctwacmn However, HTST (72°C’Ior 15 s)
..pnsteunzntlon is capable of almost. complets msctwnuon of the enzymes -
° . ( X

1.3 Mllk spcn : by mlcroorgnmsmn .
Mllk is an excellent - mzdmm tor the gmwth of mmy(vmxeroorznmsms
Although the uw/ milk or henlth)x ammals is essentlsll  sterile- when drn.wn, 10.
rendlly becomns conlammned The muor sourcep of crodrmlsmn in mllk are

- the udder of the cow and the mllkmg equxpment wl lle wnter supphes aerial

contamination, and the milkers. th 1 I\ muy Also ibute to l.he fer bia

_-Iond. The mnin g-r'oups of microorganisms which ‘co pmg @he microflora of raw . .

_milk " are. mic i, s cc 5/ Gram-positive ‘rods,- Gram:

ne;ltwe rodu and Bnct"ul ap. (Connms and Bm ‘{ey, iﬁél), !




In the'past, quality deterioration of milk was a-result of in‘arlequate cooling.

This“Tesulted in high acid '}'_'_ and off-fl; S i withsHactic

streptococei and other mesophilic bacteria (E‘Iliot et al.,1974). The commion

practice today of maintaining.raw milk a.t,‘ i i p is quite
cl'fectiv:e in limjting ‘the growth uf lactic acid baeteria and the spoilage they- cause. *
(Law; 1979). Teohnologmal ndvuncles in the dmry mdustry have led m the trend »
'»f.awards fewer, yet llrger, and more centralized dairy " plants whlch can nnly %
opernte elﬁclently i they lmve an ndeqnate supply ol‘ milk at Lhe staﬂ of
processmg Consequestly, rkw mllk tends to ‘be mmntamed -8t getngerahon."
temperatures for =xunded penods of {jme. Thls wnuld mclude stornge 'n bulk
- tanks on the lnrm, trsn;port to the dairy plant by T‘émgﬁnted tanker trucks! nnd"-'
‘the firhe in _holding,‘zmks before processing. In all, raw milk may be-held “atlow ‘
temperatires-for 4 of more days (Stepaniak et al., 1982). This has E——

dramati " shift in the domi type of mic \nisms in mnlk l‘rom mesophlhe

Tactic acnd \mctena to psychrotrophlc microorganisms (Bxchter. 1081)
i -
lj!.l.' Psyq@rotrnphl snd milk spoilage
The term psyehrstroph was first proposed by Eddy (1960), and'has béén”
used by the dmry industry to describe those microorganismy gble to grow at7°C

or- less. reg of their opti growth ‘tempel at {Thomas and Thomu.

! 1978). Psychrcnophs which | mc]ude ‘bacteria, yeasts and’ ‘molds, are nblqmmus
throughout the enw_mnment-and-are common. contaminants of milk, as well as
“other foods including fish and meats (Kraft aid Rey, 1979; Jay and Shel‘el, 1078; )

Greer, 1081; and Venugopal et ;zl., 1083). In: milk produced under, sanitary
-- ¢ . $ .

. P PEETT f,
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conditions, psychrotrophs usually’ comprise less than 10% of the total microflora. -
However, this value can be in excess of 7595 under unsanitary conditions (Cousins

and Bramley, 1981 - A study, by Randolph et al. (1073) found that =

psychrotrophic bacteria accounted }ur, mogre than 30% of the -l bacteria in’
individual raw milk,sg'l;lples,}n “Texas. Generally, wi&hin t ays of storage al
A :

- refrigeration : temperatures, the microflora of raw “milk js dominated . by'.-'

psychrotroplis (Dricisen, 1081). . ‘Thomas  (1074)" studied the’ psychrotrophiy.

j bacteria of daily "collected refrigerated bulk milk supplies, from bulk tn\nks‘,and .

farm

-1977).

fedm road, ‘Aw'iporz tankers on ‘arrival at: the da‘ii-y“He fonnd that- tli:_e counts of

psychrotrophs had inc;éased_ sig'ni;icnntly j:y the ¢ the milk ‘arrived at .the~

! cteamery: The rate at which the p‘syphrotropl‘u’incrensed‘ in’ mil k~s‘a‘u‘nples from’s,

tanker was invéstig: ed’ and revealed that after ‘two'days of
0 tal " ¥ ;

storage at 7°C the counts of psychmtmbhs exceeded 108 colony - forming " usits

(cfu)/ml a level at which s_poll:age may be expected to occur (Cousins et al.,
- .. .

_The genera of psychrotrophic microorganisms commonly isolated from frésh

‘raw milk include . Paefd . Acinetobacter, Flavob sum,

- Enterobacter, Alcaligenes and Arthrobacter F(Cixusin,.-'ls_sz). _ The l.’yp‘es of

" reflection of its distribution (Law,, 1979).

psychrotrophs may vary, however most have been characterized as heat-sensitive,

" Gram-negative. rods. - Members of the - genus - Pseudornonas are the ‘mdit-

l‘l:eqne(xt type isolated from raiwbmilk, with Pseudomonas fluorescens as the
most’commm‘:: re_pnient&tiva iLaw, 1079; Cousin, 1382)., This, however, may bes

resuli’N‘ the ease with which this species can be identified rather- than a true
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Significance of pgychronip){.\ R
- .« .

Psychmlmphs growmg in raw ‘milk present !hree problems w Lhe dairy
industry: (1) thgy can dlrectly cause debenarahon in lnrge numbers (2) some

psychrotrophs are heat-resistant- and can"urvwe‘pasteummon and (3) some:

psych hs produce heat-resistant énzymes which retain ‘mivit'y even followitig
S N - .
exposure to pasteurization temperatures. .
¥ B
Direct qullsge l;y-yayghrbﬁr&phﬁ s

The pruence of actwely gmwmg psy:hrotrophs in milk can cause sponhge

*_ by biochemicall; nltenpg the i 5 of mllk gome of- the blochemlcal
aotivities "'l'\ d inclyde the f ion off carbohyd '_ with the libe
« b
of acid and gas, the d position of ures, of nitrate, production of

= 1

pigments nnd. the hyiirolysls of starch, proteins, and lipids (Kraft nn’d' Rey:F lﬂﬁ‘-

-Richter,1081). Such rm%nons can oceur at low temperatures and zhe de!ects they

cause may be dctecuble dependmg upon the size oI the psychrotrophlc populnhon
and ‘the time of storage. Unsanitary prachcee before heat-tréatment of raw mllk

can cqnmbute a sufficienfly large number of psychratrophic microotganisms to

cnns‘e“sp{:ilng’a (Busse; fnsn). Post. - pasteurization contamination can dlso

: .
d: y hic spoilage isms, G ially p ized milk

generally- becomes scontaminated wi‘t.h iero isms; especiall I‘rom non-

sterile plant surfaces (Schroder, 1984).. The spollnge of refngernted pnstennzed

milk’ is ugunlly s, Tesult ‘of the g'rowth of Crgm-negntwe PS}'CIII’O"_?phIC

‘recontnn‘linqnu (’l‘l{qr?u and Druce; 1969; Moseléy. 1980; and Sc,hvro_de‘r, lGéAl). 53
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Schroder et ‘ul. (1932) were, sble to show tlm the sheif-life of pasteurized mllk
maintained nl 5°\Ccould be extended by \several weeksim the absence of

psychrotrophs. Smularly, Hankin et al. (1W7) found n significant_relationship

r(;ween inc d counts. of,psy phs and. d d number of dnys‘&_t K -

* " which pasteurized milk was ]ndged tobe bad.

-v Heat-resistant psthfutropllu * ‘
\
Mlcrourgamsms wluch survive; HTST (72"0 Ior 15 sec) und UHT (149"0 fot
9 . .

5 of milk are not-u

|.o
v 1981) Thermoduno psyehmwphlc bacteri# were ﬁrst lsqlnted from m:lk by .

‘)sych:otrophw sporeforming bnctem in'83% of tﬁe raw milk slmples they tcstcd

Psycl ', i spem. of Bacillus were' I'ound xn 30% of the 97 henb—uented

milk samples which were examined by Shehata- md Collmt(lwl)
o : |

o T Most.of the thermoduric bacteria isolated !rdm  milk_are sporeformers, which
5. belong to. the genus Bacdlul (McKmnan and Pettupher, 1083) Nonspore!ormmg 1

genera which may aL!o be presenl in.milk are chrobut:rmm, Arthrabq

innon snd

,‘ and Coryneb fum (Wssham lt al., 1977; Mc
Pettipher, 1083; Batish et al., 1085) P :
‘- Even tho(xgh hcnb—resuunt spoxeformmg bactena are in most milk cupplles,
their numbers are nsually low. Mlkolajclk nnd Simon (1078) found that ‘of 1090 i

milk samples‘877 hnd psychrotrophlc spore counts ol less;, than 10/ml; Followmg




B - -
14 and 28 days of storage at 7°C, 50_ and 83%.of the samples had $pore counts
from péychrbtrophs irr excess of 100,000/ml respectively. Some of thé defects in )
milk causéd by thesel bactérix incin' e b'\tter, fruity, rancid and yeasty ﬂavours, .
Wwith sweet curdlmg bemg the most fommon type of spoxlage (Collins, 1981). The
‘sweet curdlmg del‘ect has been attributed to Bacillus cereua.
' )
s However, due to the relatively low numbeis of spores whlch are present in
mllk in ad}nlon tom lag permd and slow -growth at ‘I°C spmlage by ’
Bm:lllul species is not qonsldered a practical problem. until g!tgr two weeks of
§ refrigented sﬁor’n‘gé ('l;hox.na! i974) In additioN,bangeveld and cl:lpél;\ls (mzio)
) faund that, nt storage temperntures below 10°C, the likelihood of any heab-.
“resistant contammnnu o\ltgrowmg the heat labile Gram-negmve rods, whlch
B S~
recontaminate’ heat processed mxlk, is small, The sporerormern have a greater
poteatial to cause ‘spoilags in URT-treated milk, which is free of vesattaminants

" ._and maintained at room’ témperature for several .months.

1.3.2. Heat-resi n res, lipases, md prouues

Most raw mllk psychrotmphs lnve been chsrnctenzed a3 heat-sensmve,

Gr’:m-negnhva rods - (Law; 1979; Cousm, 1082): ThK bnctgna afe rem‘!ﬂy;

-destroyed by nventional- pasteurizati atm .' and, as 4 result, aré not -
‘present in ‘hesutre_ute'd milk or ;nilk products j‘(vcepi a8 pos&-p'nste\urizaﬁon‘
'gontaminn'n'u). In general the hen'vt' sensitiﬁ psyqﬂ;ouophs themselves .d‘o r&t '
cause :poflnge, however, mm;y' bwdue';: heat-stable féxmcellul_'urv en‘zymes which

are capable .of degrading important milk ;'con;ﬁtuenq (LM, 1979).  The




_.. and yuml ;lycendes WhlL‘II in sulf' cleqt amounts, can be detected
<y

. 0 - S

fdi{radacive processes of lipolysis and pr'oteolys‘u by the lipases and proteases of
psychrotrophs are Qf (concern to the dairy industry, " parfjgularly with respect to

the keeping quality of pasteurized milk produets.

The ability' of Gram-negative psychrotrophs to produce - heat-stable

extracellnlar hpuu has been demonslu;ed by a number of resurchm (Driessen

- and Stadhouders, 1974, st et ul lWﬂ ‘Andersson et al 1979 Adnms nnd ]

"+ Brawley, l%lh) The hpolyuc ncuvny of such entymes can lend to the )

developmcnt of fancidi

ln tmlk qr (he\accumulnuon o short—cham l:tty ‘acids

organolept\en.lly (Jensen, 1964). : .

Clnpmln et al. (1976) found that the proportion of psychrétrophs wlncll ;

can produce lipolytic enzymes in_raw milk can vary from less than 1% Kmm

than 30%. Kishonti.(1075) reported._that 40% of the 60 straing ol psychrotm\h\

bacteria isolatedfrom bulk cooled raw milk, which in_cl'm'led Pseudomonaas spp.,

Aleali:

sop; snd Enterobacter spp., produced Cian Realiresiifia

lipases. Pseudomionas species usually  constitute the -largest .pmentué of

lipolytic psychrot'rophs‘ in raw milk (Law,_.1979; Deeth and Fifz-Gerald, 1985: and

Cousin, 1982), - . T w \
{4

Purification of a few lipases from Pseudomonas spp.-h‘u been reported,

" however, most studies of ‘the lipases' properties have been carried out on ¢rade

4

.
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Ea) . n
enzymt pnpnrmons (Fox and S!epnm.k 1983).- The pH optima for the activity

of thue lipases are in'the . range of 05—9 0, and they are stabla Jovera wide pH

range dependm; on '.he type of medium. The temperature optima have been- .

repomd to be from 25 L 70°C, wlnle most fall between 30 to 46°C (Fox and
Step:m:k, 1083) Mlny of these hpnses uhvely hydrolyn lipids at lhc low
temperatures used to store mnlk and milk pmducls Some lxpaaes have even been

found to be active below 0°C (Andersson, mo)

1, " +

s . Heat stuﬁllty is an important propérty. n! lip P Many
,of thm enzymw retlln significant actlvny lollowmg HTST p:stenmahon And~

even,nﬂer UHTvtreatmenls (Gn!mhs et al,, wsi Law gt nl., 1976; and Co;un,'_

1977). A D gy value (hme reqmred for 90% muhvntmn) of 83°s- was d‘glermlned

’ for, the Iip.ase of P. ﬂﬁoféacmq MC50, a p;ycﬁrotmph isolated from raw’milk

(Adsms. and Brawley, 19815).* Speck and Busta (1968) (r;.md that. a UHT

Atreatment of 146°C for 34 s multed in lm llnn a 15% rzdnetmn in activity of

the MC 50 lipase. Allhough heat rsuunce decreased as a lunction-of increased

pum.y, Fox and Stepuuk (1983) showed that the punﬁed P ﬂuorucuu AFT
38 l|pue I‘ehln!d sngmticmt unvny followln; UHT pnteumnuon In splu of
lh: evidence that thése lipases possss the polentlal to eause hydmlyhc %udlty

Nt
i milk, then has been Illtle docllrnented ewdance um itisa common accunenee

) (Law, 1079; Allen and Joseph, 85 \Lay (1070) proposed that the low incidence

of bacterial induced rancidity: in milk was a result of the ‘inability,of the lipnes\Qo

penetrate the mi‘lk fat globule ni:mb"l"nm‘ (MFGM) and gain- access w"ghg_'

tr“lgl{:.eridu, as is the case for the endogenous milk lipase. - However, Deeth'dnd -

L




Fitz-Gerald (1883) reported that crude extracts of bacterial lipases were capable
of hydrolyzing the trigly ceride in intact milk fat globuks. Whether the lipases

v L e - themselves were sble to peetrate the MFGM or whether the mum‘rano was

disrupted by other enzymey, such as phosphohpues. was not deterﬁmod & %
.n . % q. & .
- = “In contrast to milk, hydrolytic rancidity, as a esult of heat-stable bacterial

lipases, is an, lmportnnt storage delecQ of high tabdmry products, such as butter

and cheese. 'This mw be explmned by the.: obsirvlnon \mt‘ the hpnm or

L psychml.mphlc bnctena tend to he concentrated in cream.and in lhe cnrll on

ongulation (Downey, 1980). In s study b} Kbonei and Sisirom uwo)

i o 4fpproxlmm.ely 80% of a Paeud mona. l%un in milk was lnund to be -‘
aa .. c g concentrateﬂ in eream, ‘and. sul equently in butter * The butm developed -
. kT /—r:ulclduy [olluwmg two days ol .stomge, zpp'nrently a8 resn]l. of the hpue -
R - The presence- of the lipase p di & strain of P di Aﬂl{m ‘
) . z
S imilk used to produce cheddar cheese before heat txeat}nent, led to high free Inl.ty

mcxd (FFA) ]e els and to. rancldxty of the cheese on atomge At 12°C for 2-4 mnnlhs
!

(Law et al, ﬁ 6). Llpases {lcm psychrotwphs in mik ha.ve nlso beep reported.to

' Ny ! cause lugh-EF cve]s and flavour de[ects in SWlss cheese. (thelro et al., 1085)p
5 /‘:-_ ~ Dutch cheese (Enessen and St. dhaud 1015} and C: bert cheese (Dumont:
: . etal., 1071). L o
3 C N ‘ ‘ ¢

ge-;rgalut;nt p‘roceuu of psychrotrophs - 3

ducing, psych ; phic G bactefiahawve commonly

N




.lpores, nther thn thie lévels of psychrotrophlc !xtm:ellulm‘ emyme whlch cnn

oS .imé?:he’n;{oai-ble than lipises from psy¢hrotrphs (Griffiths et ‘al., 1061).
S .1 e Bt » 3

that 70-90% of raw milk umples examined contuned psychrotmphs capable o!
produung henb—rwsunt protusu. As is the case for the hplsu the mosl unve &
‘phducers of pmuam Among the psychrotrophs in raw milk are members of the
gr_.»nna Puudomtmaa‘ espee\ﬁ‘lfy‘ﬁne P. fluorescens species (Law, 1979; Cogui.
1077). 2 B i ’

A
Ui .

"’!‘hm enzymu are @' major co’ cern to the dnry mdustry because ol' thelr 2%

: v’i_umiiy (Visser, 1081). .+ B o
" 1.3.3. Characteistics of heat . -

. Heat -ubuley of prhtenlu —

Auhmlgh the prounsa can’ cuusa wme bfeukdown ol' pmte_m in Taw mllk N

“their mm on stored hu&-treued mllk ‘and dnty producu: consxdered lo be ol

¥ : 8
grenler ic in ,. Mneh of tl\e phasi ‘ning the spollnge ol’ -

mllk has been' dnrocui W\urds llm ehmmntmn of helt-mtant lm:tem md

B sumve hent treutmnnt (Burmn, 1984 Adnms et al. 1975;

Lllk bnd Swnnson,
1974) hdmy of the plychrotroph pmteues In ;
'_' HTST pisteuri o uwelluUHT ltenllzlhon,
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One of the most uunmely studied l\en stable prouuu is- that of, lhe .
psychmtmph Puudmomu sp Moeo It has been uumlted by Adnns zt al. .
(1975) um the protease is 4000 tums more heat mmsn& thn the spom of

Bac-ﬂua necrothmnoplnlu 5

. umpmtllre of 120°C lor ‘9 min was reqmr:d to compleuly muhv’ne Lhz -

pmtem of P ﬂuoruum P26 (Mnyerb.nler et nl., 1973) Prolem Iof tll' i

i The heat. uublllty ol s L ,' l’rom ,.; hrotro

(Mayerholar et nl., JW Bulch et al., 1976a). Blnch e!

ko show ﬂut lhe prmnee ol' the :hehung. agent, EDTA wu el‘[ecuve in’
u;ntly reducm( the hgat nsnihnee ol tllg Pnudonwmu Mcﬂ) prou

'mth aD value at l40°C of 15 min. A )

B
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L - Bahch and Adams (1077) further chxractenzed the M060 proteasé, and
[ ) observed that. this pmlease was sifmhir to the thermophlhc protease thermolysin,

v - wulh réspegt o tealiebin jop r qui ‘ents, lack of suiphy ry gmups,
welght and hydrophobmty They suggested that these propertnes cantrtbuted to."
( " Y _‘ _. : thn enzymes heat stability by allowmg it.to be ﬂexlble when denntu’red at high .-

temperatures, then to. refold with the formation “of salt bridg§ when the

| psyehrotroph prof
enzyme achvlty at Iow ten{peratures (45 Ss"c)xthan would be predxcled (

Some heat-rasist: have' been reported to lose more,

1675; GebroEgaiabher et al., -19808). T ‘protesse & P fliscrepeens

AF T36 was unstnhle at’ tem er;‘ures belWeen 50 and 60"0 losmg more than 00%,

actmty at 55°C (Stepanlak and Fox, 1983). Slmllar resuh.s were obtnmed [or the .

. Puudamormn iSoInte AFT 21 which was mnre stable at temperatures m excess »
ol 80°C thad at 55"0 (Stepa.nlak and Fox, 1085) Bnmch et al. (1978) used the
v,erm 'low tempemtuxe mnctulnuon' (LTI) to descnbe this phenomenom

'}' P ’
The mechams.m l‘or LTI of the heab—stable pm!eases at 55°G is belleved to e

mvolve two steps (Bnmch et al, 1918) Flrst the protease \mdergoes a E




',days, whlle l.he control

‘et al. (i981) were umble‘

18 ¥ @™ './

hydrophobic mtem.-nons mvolved i the enzymecuem compkx arp.no longer

favoured, thus explaining why these are not inactivited to the same
extent at higher temperatures. - - * . . y 3
R o . B / N
ey 1S > = N 5 =
“In an attempt to evaluate the effecti $ of LTI to inacti heat-

" resistant protease in.milk, West et al. (1@78) héld UHT treated milk at 55°C for

1 h il diatel; rollowmg helt . Protem'acti(ily in ill milk sn.m]lles

was reduced by nppmxnmntely 90% wnh no. ewdenu of spollng: over 300 storngs

ob:erve such a reducuon in m:v n.y when & hcnung
step at 55°C for. 1, h was cnmed oul lmmedntely l!wr UHT-uutmen_t Mltehell
et al: (xnsn) I'ollnd that J.hree o[ the sik hent—stnble pseudomonnd pml.em.-s,

which O.hey !hldled were llrgely unaffected by & L‘l‘l (55°Cll h)- trenlment The

level of attivity remluun; lollowmg LTI, eoupled with UHT trealment nngad'

l‘rum 683 to 78.1%. Such variability was also noted by Mmhnlf aid Marstiller

industry, for the inactivation of l‘ucunal proteases.

. Properties of heat stable prote-;u

i e

The . 2 5 L‘l‘ g Sl ‘n'rll v :J><J‘

genemﬂy can be elmlﬁed s metallopmtcues bnsed on lhenr mnchvatmn by

mehl chelatmg\ agents luch hs EDTA .und o-phcnnnlhrohne (an, 1010)

Renchvntmn of BDTA-treated prptensu' lm been reported ulmg -divalent cnuonl,v

in parllcuhr c#* 202 and Co“ [Mitehell et al., 1088; Stepnnuk ‘et al,, 1082;

le-after 3 monlhs Gn[ﬂlhs

- (1981) and thlls |I|ustrnu the lifnited value of LTI hut treatments to the dairy -
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. Barach et al., [976a): McKellar and Cholette (1986) were able to show that~
calcjum ions were required during)e synthwis of nctive“extracellnlar proteuse’ by

'P. ﬂuorucenl 852, mdlcntmg that cnlcﬂm ions are requxred -for stmctunl »
mtcgnty of the protease as well as-for activity. . .

L

=

The tempernture uphmn l’or the activity of pmteases from psychrocrophs

range from 25 to 45"0 (A]whaudmls and Andrews, 1977 Gebre-Egmbher et al
NBOE\MncheI] et nl., 1988) The slg'mﬁcnnce of this to the dairy mdustry is :'-

nbvlous, since U'HT-sterlllzed mllk is usually swred Wlﬂmut te(ngemtlon for

T 6xt(nded penods ol nme Even heawreated or raw, milk held at rel’ngerahon |

5 K \

are.po p to such proteolyhc enzymes (an et al

\1977 Law'et, al 1970) The pro!ease ol‘JP. ﬂuorucmi AR retnmed 33% of -

n.s maximurn acnvn,y at " 4°C; (Ahchnndrms and. Andrews,,lo77). The. |

3 1 el
har ization of the pro of six ds isolated froyn raw milk with \

fcsw to the effect of tem gave ¢ ble results (’.‘,."‘ »': iabher et “

B . _al.; 1980a). E ‘* o
I ¢ "k o , T |

The pH ophma of lhest enzymes are genera.lly in the range of 8.5 to 80
S
'(Mltchell et al,, 1986; Fairbairp and an, 1986a). Significant activity ol' these
- proteases has been noted at pH 85 the normal pH of ‘milk: Thq)apumum pH for ;

s . Pneudomomu AFTEI protease I was found to be pH 7, with 65 to 75% of its

. maxlmum at pH 5.0, the pH ur most. cultured dairy products..

3 . e o PP

H’I:he Jocul ights of the llulat p of P d ; J
range from 38"000 to 50,000 (Stepamak and Fox, 1985 Fmrbmrn and Law, r




@

18,

¥
1988a). The amino acid cég:_genl of these proteases, which bave been’ purified,
appears to be similar with respect to high asparagine, glycine, and alanine
.
eont.e;n, as well as the absence of cystine (Mitchell et ajg, 1988).
5 \ sz

Most of.the psychrotrophic’ pseudomonads which have been studied produce
\a single extracellular protease (Fairbairr and Law, 1086a). However, Siepaniak

and Fox (1985) have isolated two p_sy:chrotroplu Jfrom raw milk which produce

multlple helb’-shble \" . Pseuds Am.l duced thrae

extrncclhllu proteuu in;, mllk but the proporuons depended on the growth

" medium’ and temperature;: P. ﬂuorncann AFT36 (Stepumk et al., 1082)

one major protes Wt amounts of two othen.__

*. Protease production by P-ycilrotroph
.. There is no clear relltippship between the fumber of psychrotrophs in milk
and the production of protease. Law e! ul. (1077) found that P. ﬂuuuuﬂ‘

AR.'ll duced no d bl ellular protease when its nnmben uu:hed 8x

10° cfu/ml but definite activity was observed when the umbers rmhe{& x10°

“efu/ml. Protease produced by P. fluarescens 22!-‘ in milk was de'.ected at the
end of the growth phue,,ﬂ*

1081). However, wh;on thq numbers of these bacteria were increased attificially by

“{he addition of various amounts of milk- that had been spoiled by P.
‘fluorescens 22F, broleoly,sis was -observed at counts nf_ 5x i0° (ilu/ri\l‘ ,Bﬁed

* on these results, Driesen (1981) concluded that these bacteria ycﬂml{lﬂed. the

\ -

v

number of lw:@em was 107 cfu/mi. (Driessen,

pro-tem in milk towards the end of their logarithmic growth phase. Protease :
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production by P. fluorescens 32A was observed i:klite log and early

-~ ot
stationary- phases at both 20 and 5°C, when grown in a synthetic medium

(McKellar, 1082). Adams et al. (1975), showed that Pseudomonas -MC60

protease was produced throughout the éntial growth at 4°C.
5 . 4 .
Temperalurekis an important factor in protease synthesis by psychrotrophs.
Peterson and: Gunderson .(1960) -found that a psychrotrbphie strain of P.

ﬂuorucefu pmdnced maximum protease‘at 0°C, with decreased prod\lchon as

the tempemture mcreused to 30°C Juﬂ's [1018) showed thn P. ﬂuarucevu
cululres were ‘more proteolyuc at 20"0 and least when grown at 5 of 30°C: ‘He''

noted tkat the prute{ne prodllcuon per unit of cell growth fell'as the tempemture'

E of incubation was lowered (ram the optlmum. Also the productwn of pmteue

dreblied di lly.at incub nbove the apparent opumum,

despnte extensive: growth. McKellar (1682) observed that -maxifum enzyme

- productmn occurred at 20°C, and thatcells grown at 5° producefl up to 55% of

the activity foundgat 20°C. Fairbairn and La (1986b) reported that P..

L J

]luoreacem NCDO 2085 produced an extracellulm‘ protease optlmally at 18°C.

Puﬁ,«e’ ymdncuon per unit of dry wexght ‘tended to increase with decreasing

Thse results s d the hypothesis that psych phi bactenav

compensated for decrelsed enzyme activity at low temperatures by i mereasmg the

amount of enzyme produced.: d

Aernt.i_ﬁl_\ bnppeared,bo'be another factor' which affected protease production,

however the relationship was not clear. Griffiths and Phillips (1984) were able to
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sig‘niﬁcanﬂ'x“ecrease protease s}at‘lle_sis by‘psychrotrophic bacteria growing in
milk. at 6°C by aer;;ticn. ‘while lhf; growth rates ,n.nd !nicrobinl flora were
un}:hanged. Reductions of as much as 50% of the protease produccd in non-
mted culmres was reported.. . A study of two strains of psychrotropine .
pseudomonads by TeWhmu and nyer (1978) showed some varmblhty Wi
o respect to the effect of Mrauon on promase producnon. one strain produced a
* five-fold increase in prote.nse activity, while no increase in protease synthesis_was

R %
observed when the other strain was grown, - with aeration, at 22°C.
Murray et al. (1983) showed. that mtmgen flushing ot‘ mllk resulted in t.he

of pmtease ior by psy P Proten.se ncuvlty could not be E

detected in Lhe mlroéen-l’lushed milk over an 18 day stornge perlod at 4°C,
although the proteolytlc psychrotrophs reachéd a maxlmum‘populnuon “of 1.8 x
-107 cfu/ml. They attributed this inhibition to the low' O, tension w‘lich was

achieved in the milk by this process.

In centrast, Rowe and Gllmour ( 1982) showed that a drop in axygen ‘tension
in slmulnted milk medxum ~was |mmedmtely followed by an- increase in the

protesse’ synthesls of psychrotwlc P. ‘fluorescens strams.

. The composmon of the growth medium can slgmf antly influence .the
_pmd«ctmn of pmtesse by psychrotmphs The rwxlts of McKellar (1082), Juffs.
(1010) and Mayerhofer et al. (1973) have sBown that the extrkcelluhr pmtease of
P. fluorescerii’ sppeared to be an inducible enzyme Juffs (1016} showed that .

protease synthesis was a function of the n'mounl, of organic ‘nitrogen in thg
. : '
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medium w‘hile inorganic nitrogen sources were unable to induce enzyme

produétion: Fairbairn and Law (1986b) reported that protease production of P.

5 - .
fluorescerss 'NCDO 2085 did not occur under organic nitrogen limiting

conditions, while carbon limiting conditions did nat ;&hibit protease synthesis.

. i . o
These results suggested that these llular p fupction to supply

" carbori for growth rather than amino acids for protéin synthesis. McKellar and

Cholette (1984), However, were able to show that prtease production by P.

fluorescens 32A did occur in mineral salts medit m containing a.low molecular

weight inducer wolated from milk. They g d that protease producti was
not a, result’ ol’ \nulnent hmltahon but’ mayﬁbe dependerit on phosphaﬁ

concentration.
'

Amiina acids, -such ‘as alanine (:A‘mrute and Corhe, 197.8),snd glntuﬁn:p::'

(McKellar, 198i) were found to stimulate protease production. Certain carbon

« compounds ‘can inhibit protease pruﬂuction and glucose appears to cause catabolic .

repression (Juffs, 1976: McKellar, 1982) in semidefined ‘media. However, in milk

the addition of glucuse‘ was not an effective inhibitor of protease synthesis. )

Protease synthesis from psychrot;ophs can be inhibited by chelali}né agents,
such 88 EDTA and polyphosphates (ﬁcKellnr and Cholette, 1985; Richardson and

TeWhaiti, 1978). Inhlbmon of protease formmon is reversed by divalent catlons,

particularly an"' (MeKellnr and Cholew’e, 1985) Amrnge and Co\rpe (1978) |

reported 8 mqulremgnt for Ca2* in pmtease producuon by P. fluorescens.

¥ f

Torrie et al.m) ¢ pted to d ine the role of ases during the -
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. growth of psychrotrophs in milk, by comparing the growth rites of P.

ﬂucucenn 32A and- a protease deficient mutant. ol’ this strain. ‘They round

that the ex?ace]lnlar protease was not essential for growth in milk.” Howevor, it’

did provide a selective advantage for the producer organism. The parent outgrew

- th&'mutant type at 6°C, yielding a 10-fold greater yield of cells.

Efféct of he!t-rcs‘utaﬁb proteases on milk and milk products (

The whey pro‘teins, ﬁrincipﬂlly ﬁ-luwglobulin and a-lnctall;umin, are quite
resxstnnl to proteolysis in thelr native state. As a resull, proteolysls {n TaW. mnlk
and dan'y prod\lets nﬂects “‘naﬂly with the caseins whlch comprlse

npproxlmutzly 809 of the total milk pmlem (Fox, 1{81)

Sll{dies on t_he speciﬁcity of proteases ﬁ_-pm psychrptrophs indicate that.most
attack x-éasein preferentially ‘(Law 1079; Cousin, 1982), Th breakdown -of
x-casein results in the formauon ol a pnra%cuem-hke frnctlon, which can
destamhze the cssem lmeelles and cause gelation or coagulation of milk simllar m
the action of rennet (Snoeren et ul ID;)F Beta-casein appears Lobe hydrolyzed
more readily than the n—casems, aird their 'breakdown has been assomled with the

lormntmn of bitter pephdes (Law et al., 1077; Vlsser, 1981).

Adams et al. (1975) reported that the addition of as little as 0.89 engyme

units of thes probeue ol‘ P ﬂuare,um MC60 to UHT sterilized milk caused

rapid spoilage (14-32 dnya), Law al (1977) -isojated a-heat-stable proteue

SN

¥

_from P. fluorescens which gelled UHT-sterilized milk. White and Marshall
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(1973) noted a significant reduction in the shelf-life and qu‘aliyy of cottage and

P 2

cheddar cheese’ when the products were made from milk inoculated with P.
fluorescens P26, or its(heat—stable protease. Jackman et al. (1985)
dem_onstmte;'l that rhi}k incubated ih the presence of the protesse "of .
. Pseudomosias T25 had an increased clotting time with chymosin, resulting in a

wesk curd.

MeKellar (1981) studied the relationship between oft-f jevelopment in
UHT ar\d pnstelmzed milk,. and protwlym He found a linear’ relmonshlp )

. between protcolym in the milk samplu and the amount or psych _Q,Qmph protea.se

' which, was added. Bitter ol‘f-ﬂsvonrs also increased, but not in a strictly linear
fashion. Pasteurized milk nppenred’ to, be more rasistant to prt;teoly;ﬂ tha‘m UHT ‘
milk. The use of high temperatures dunng UHT treutment may resnl! in the

exposure of new substrate sites on the casein molecules.

Adams et al. (1916] d d that lysis by a p:
- \

Pseud spec’ies predisposed the caseins and whey proteins to damage by

UHT- trentment, resnlnng in che coagnlsuan of milk upon heating. The adverse T

~
effecl of proleolyhe psye hs on the heatrst abil lity of p mllk ‘was

also reyorted by Cousin and Muth (1977a).

Pre

lytic enzymes of psyck ot may. also have a beneﬁcial e}féct on
3 : St : 4
some cultured dairy products by i ing acid producti by lactic

1677a) and’ lnctobucxlh (Cousm and Muth lﬂ77b) Mllk

: (Cdu:in and Ma;

precultured with psychmtrophm lmcf:enn ‘were better sibstrates than uncultmed )

T ¢

£
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‘milk for fattic acid production by starter cultures. Cousin and Masth (1977b)

attribuﬁedflhei creédsed acid producti&n to products of protein degrsdntio‘n which

had become at4ilable to the lactic acid bacteria by proteolysis.
: 0

1:4. Objectives of this atudy’
; -

The ubiquitous nature of psychrotrophs has madé it practically impossible

to prevent theirtontamination of raw milk. Consequently, the extracellular

. A R
enzymes th-;c’g;lncé, in particular heat-stable proteases, are ol" caﬁcﬁn to the'

dairy mdnstry This shldy was’ undertnken to |nvest|gate such enzym_es withthe

followmg objectwes

4

. "L To develop ‘a simp“ uﬁd rapid method to puk'ify the hen‘b-;tnble

extracellular of psyct hi 1 i

B

. 2. %o characterize pxoteues produced by bacteria isolated in Newfoundland

P

(Nﬂd)onthebaslsolﬂle‘ h "‘_and hysicochernical p: i olthe

fsr;ner * J

3. To lucidate - the' mechanism of heat-res ofthe p s -from
psychrotrophs using circular dichroism (CD)-spectra. =

b

4. To determine l‘he antigen’ic r‘elatedne& betvi'een those seléeled ﬁroteues

"(rom bacteria nsolnud in Nﬂd 88 v well as tl\oee I’rom Ontario,’ Bntuh Columbln, d
¢

[ .

5. To compnre the psychrotrophlc psgndomonn from different

geogrnp’hlcul regions.on the basis of the mole% G+C content- af their DNAs,
Py

e




% .

6. To develop a sensitive enzyme-linked immunosorbent assay (ELISA) for

Lig detection of hi sesin milk. * . : .

P
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: <) s Cﬁapter 2 o
».  MATERIALS AND METHODS

Al
' 2.1 Materials o d, B e F
. —~ '
. 211 Chemicals /j e T
5=, * The l‘ollowiyg chemicals were obtnine§l fromt Sigma Chemical Co. (St. Louis, 9
o Mo):  derjlamidé, §-aminosalicylic acid, finoni e, antipain,
Nob yl-DL-arginine-p-ni “"\>(BAPA3, --bll;e \‘Hextnn, ‘bovine serum
'; ) ‘ o albumin,': bromopi:enol l}lue’, catalfise, collagen, Coomassie Briillnt,Blue R250, L-
’ ~* cysteine elastin-orcein, ethylenediami fic acid (EDTA), Folio-Ciocalteau
reagen, gluco &'phosph b dobin,, horseradish d
- Iysah 2 ! NN-metbylene bisscrylamide, myoglobin,
g-nicotinamide adenine dinudfeotide phosphate (NADP™*), p-ni
bumia, ¢-phenaathroline, pHeaylmethylsulfony! luoride (PMSF), ribofuclease-

a, sodium “dodecyl  sulphate (SDg), soybeu; trypsin  inhibjor,

i)-toll:ena’ulphpnyl-lrnr;lnine m‘ez!‘:yl ester, trichloroacetic -acid - (TCA),

aminoethanesulfonic acid (TES), and tryps‘i‘n.

The 'tollbwén; were purchaséd I;_oni Chemical Dynamics Corp. (Simty

. Plinfield, NJ): a-casein, fcasein, rcmin,ymbumin.»p-lmogloﬁ:g;.:

e T T e

<5, I &
tris-(hydroxymethyl)-amino methane (Trizma base), tris|hydfoxymethyljmethyl-2-
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Jiow . : )

benzyldxycubonyl-(CBZ-)lrtymsyl-[;se;ine, CBZ-L-tyrosyl-L-alanine, CBZ-L-

S Lol yl-Leth i f CB}-L ;, yl-L leucin‘e and CBZaIthryptophnnyl-lrnlauine. -
A it i o S M C ¥ .
e + . The following«wer’e obtained from BDH Chemicals Can: Ltd (Poole,

'pyrldyl casein powder (soluble), p—chloromercunbenzuate, N-

ébhylmnlexmxde nnd s-h)’é;oxquholme i

0

dmlt:cbenzene waba product of Enstmnnq(odnkeo (Roclmter, N Y ).

s‘ .

' R

All othér che;’nicals ns_ed in‘this study were of annlytig;‘nvl‘grad‘e. R 1
: = WX F AT

anrcundland dmry were plnted

" milk powder The: moculaled TS

¥

»}

S * ' Those colomes w}nch by clearmg or the

Yeré Lo from Bio-Rad Lab i _' iga, Ont.), whlle l~ﬂuuro~24— g

ed\ by sllccesslve !nns!ers on TSA

N
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: . .
- capable of surviving a heat treatment of 80°C for 10 min. These-isolates were’

bs Iy identified as pseudomonads and desigaated, T8, T13, Ti6, T30, T22 -

and T26 (Patel et al., 1983).

Psych:otrophle bacterial isolates of milk origin- were alm obluned lrom
Bn;uh Columbia (BC 1-1, BC 2-9), Ontaflo (la IS, 40 32A,. and 3),” lrelmd

(m 7,»»A_FT 21 and AFT 36), U. S.A. (Ms), Netheﬂmds (225‘) and -A\lsinhn ‘

22, 1. Produetlon of probem | . . 5 o ;"'

% Slx Soo-ml cultlu-e I'Inslw each con!amm; a lottl volume of 160-ml uypt"
soy bmth [TSB) and 2% milk powder were mocnlaled wnh 2 ml of 13-24 h broth
cnllurs All ol the flub were u:culmtcd n 25"%1‘1» 45 d:ys wﬂhout ,uhlkm;)

Th: bacuml “cells wer pelleted by centrdupuon at 10000 %X g fdl 10 min. “The :

u.nt soluunlu v:en ﬁltend Imngl)ﬂ um Ml| fe fllus and tr:mslerred

Jto dulysu tubing’(S 12 000 m W, eXe

n uld dlllyzed lgllnst 20 mM
P i Tns-}l'Cl \lf?er (pH 15) at 5°C for 2(\h Thu was tEe source of '.he cmde

\
en'yme extracly , . TV e

i
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The substrate, 1% soluble casein in deionized water, and _;he enzyme saimples
_we;e extel}sivelx-dialymd agai’nsz 20'mM TrissHCI buffer, pH 7.5, overnight at:
5°C. Thg‘ reaction mixh’xr;a consisted of 0.5 ml_of s\lbstmtT"enzyi.ne‘_eximcb'
(0.1-05 m1).and too'mM’ Tris-HCL buffer pH 7. 5 !é a ;'ém volume of 2.0 ml. The
reaction’ mixture. was mcubated at. 25"0 ror '90 min in'a tempéfiture regulated
waterbath. The reaction wxu term’maud byr the addnmn of 10 ml of 5%

tnchloroaceuc aud (TCA) to each tube aud coolmg m ice lor 30 min. The

precnpnned’ pr eins were remuved by cemnmganon at'10, DOO X Rfur 10 mm

: o5 e R ¢
usmg -8 Sorvall Suj ed "‘ «Centrifuf The TOff soluble peptides ~

nnd amino i;cidzt'in the snpernatsnt v}/ere measured' by the absorbance at'280 nm.

The cantro]s were prepared m the same manne[ except that the substrate was

—~ added followmg the ndalflon of the 5% TCA.

" One enzy-me uit was Qefined a3 the ‘amount of enzyme extract ‘that released

1 umole of yrosine equwalence per min per ml ‘under the.standard assay

i condnlmns The absorbance of 1 pmole of tyronne at 280.nm under standard asny'

condxt\ons was delermmed to be 0. 4l Speclﬁc actmty was deﬁned as enzyme

units per mg of protein. Unless statgd otheljwue, this was the standgrd protease

assay method. .

.Protein ﬂeterpln;tlon o y
W .

Protem cancenhahon was determu}e’d bya modlﬁcmon of the procedme of

Lowry et al. (1951), uslng bovine serum albumin (BSA) as the stsudnrd procem

The u-ngenu used were prepmd as descnbed in Appendlx B.




‘The sample was made up to a volume of 0.2 ml with deionized water,

lollowe_d by the addition of 1.0 ml- of the alkaline copper. tartrate reagent

=
an a]ﬁnlty columd of carb ,'“ h

(Solution ITF). The mixture was ineubated at 25°C for 15 min. Then, 0, ml of
Folin-Ciocalteau reagent (Solution [V) was added and incubated. at 25°C for 20
min. The absorbancies were mmur‘ed at 600 nn; usifg a Shimadzu UV-Visible
Reeordmg Sp:clropho(omeler (UV\IUD)—’E.he blmk consisted of 62 ml deionized

wuer- A slandnd curve wu prepll'ed \lsm; of 10 us to 70 g ¢ of BSA

22.2 Enlymo purification’ by ll'ﬂnlty hro 1 aph

i > 5 v »
ylalanine-TETA Sepharose 4B -

‘CBZ-DL-ph

£l B . N
. Crude’ enizygr‘\e extract (500 v}al) was lyophilized -and the dry residue was

dissolved in 50 ml of 25 mM sodiurh acetatebulfer (pH 5.8) containifg 0.1 M

NaCl and 0.01 M CaCl, aid dillyzéd against 5 I_netnu‘b’nl“fer ;ﬂemigm at 5°C.

Proteins which had come out of solution during -dialysis were rémmd “by

" centrifugation (10,000 rpm for lo.lmn) The concentrated ﬂlmcl was applled to’

Szpha.rcse 4B (Pierce Chemical, Co "Rockford, [ll) The :olumn (0.8 x 25 cm)

cont.umng 10 ml of the n(r‘mty mtenal Ind been wnsh«l with 200 ml of the 2%

‘mM sodium “acétate bufdr. The unbound protein was eluted: with 4oo ml of the -

sodium acétate buffer: llld the bound protein was elulzed with 10g ‘mM. Tris-HCI )

buffer (pH 8.0) containing 0. 5 M NaCl and 0.01 M CaCl, Approxiin‘uuly“&-ml

fractions were collected and the protem content was momlored at m_nm with

.  the model UV-WJ spectrophotometer The proleolyuc uuvmu in the frul.lonl

were detérmined by the modified Hull's method. Appropriate lrncuo_m‘were
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* pooled and d to 3 ml by ultrafiltration-in an ul ion cell ‘with a

‘UM-10 membrane at 40 psi (Amicon Corp., Oakville, OI:I'-.). This concentrated
protease was then dialyzed against 20 mM Tris-HCI buffer (pH 7.5) at 5°C for 18

oo \

- H lobi h affinity chréh b

?
An attempt was made to punfy the protem by using cyanogen brom|de

tivated Seph 4B coval lmked with’ hemoglobm The affinity column

mn!crml wu prepared by the methad of Chun and Bushuk (1968) as described i in

vAppcndlx A ' i L &l

T,!l_e alfinity material was equilibrated by washing with 200 ml of 50
sodium acetate buffer (pH 5.4). The crude Iyophdmd-enzyme exmct (5. oft),- \
which had been dislyzed lpéusl the acetate buffer overnight at 5°C, was applied
to the hemoglobin-Sépharose coluran (20 x 1 cm). The unbound protein was eluted
v;ith 100 ml of the acetate buffer and the, bound proteix‘: was rele;m\ﬂtil 100
mM Tris-HCI buffer, pH 7.5. Thé protein content of each 3 ml fraction was

- monitored at 280 om and the protease actiyity determined by the standard assay

method.

The protease did bind to -the hemoglobin-Sepharose column ml!erinl, and

‘was élut;d with l‘a Tris-HC1 bilﬂ‘er However, two protein pe‘sks Swhich
overlnpped extenslvvly were deteeted Most of lhe protease actmty was associated .

. with the second, while the (muom of the ﬁm protein pelk wntuned very little

" protease activity.
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" 2.2.3.Effect of ditions on protease activity
Effect of pm‘._ activity

o .
Each of the six partially purified proteases weré assayed by the standard
protease assay method (modified Hull's metbod) except that the pH of the 100

mM Tns-HCl buffer was varied, the pH values were,70 7.5, 8.0, and 9.0. For pH

5.0, 6.0'and 7.0, 100 mM kl‘e-phosphlte bnﬂer wasused. - =
B Sas

) 'E!g‘eet,p'f' bation ¢ and de ation *of 1
enexgies \ : 1 ) " g F . ™ i 3

Crude enzyme extracts were sssayed by“ the standard assay method at
various incubation tempellatu_res (0to w’C)‘in a temperature regulated iﬂnterbnth
containing ethylene gly‘col, using 19 soluble casein as ihe substrate. The substrate

ittt at e S bt et e belofe additon to the

reaction mixture. > = =

The u:uvat.leu energies (Ea)_ for the protease’ catalyzed casein hydrolym

were dctermu:ed _using the Arrhenius equatm, whlch relats reaction velocny to

energy was  defermined by .
multiplying. the negntive 'slope by a cnne_lition coefficient of 2.303 x R, where

" represents the gas constant (R=1.9).
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-nd

2.2.4. Eﬂeet of p

Inactivation of protum by EDTA

Crude enzyme extracts were dialyzed overnight at 4°C against 20 mM Tris-
HOC! huffer (pH 7.5) containing 100 mM EDTA. Almost 4 complete loss of

protease activity resulted. from this teatment. The EDTA was .removed by

extensive diniysis' of the inactivated proteases against 30 mM Tris-HCI buffer (plt-

5. VT ST

- Re-c'tlvntlon of EDTA-irentad prc;teue’ with h‘:‘ehl fons *

’I‘he EDTA~t.reated pmmses (apoenzymes) were preincubated’ for 20 mm at

tion' of the

V5°C, at different concentrations (4 and 8 pmol per. assay) of CACEH ,0, MgCI
i

2H, O ZuSO 7HO or MnCl,. 2H,0. . The extent of reac!

: apoenzymes by the metal ions' was dntermmed under standard may condmons

and expressed as a percentuge of the protease activity of the non—EDTA treated

g
proteases. )

Eﬂéet of métal loés‘on .prozeug _uctlvléi

The el[ecl of added metsl lons on protes.se amw y was detemuned using
the- shmdnrd usay method The metal ions (CaClz, 2H,0, Coclz BH 0, CuS0,
2H, 0 Hg(.‘,]2 QH 0 M;Cl bHIO M\'ACI2 4H, 0 and ZnSO 1H 0) were dissolved

" in 1/00 mM Tris-HCI buffer (pH 7.5) ahd added to the assay mixture at final

concentrations of 1 and 2 mM, A premcnbauon step of 5°C for 20 min, hel‘ore the
. Lo

X
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addition of the substrate, was included. The activity in‘the presence of each metal
ion was expressed as a percentage of the protesse activity obtained without added
metal ions. ) ’ ) - o
Determination of rnetal ion content
Purified enzyme solutions were di..]yud “extensively against deionized
distilled water. The enzymes'(0.3- mg/ml) were analyzed by atomic absorption
spectrometry, using single element -hmps,- at thé most sensitive line for -each *
e b :

element (Ca, Mg, Zn And.v‘Mn). . X ¥ i & Sy
Effect of protesse inhibitors g o o

The effect of protease inhibiwp on the activity of protease TI8 was _

d ined by ii ing various inhibil in’the standard reaction milqre. The

inhibitors.  used . were, p-ch ibe b hroli &

 hydroxyquinolie, 2.2'bipyridyl, ethylenediaminetetrascetic sid (EDTA), L.

. cysteine, N-.ﬂhylmﬂehnide, pepstatin, mtiplin; soybean .'.rypsin inhibitor, and

. phenylmethylsulfonyl fluoride (PMSF). Those compounds which were insoluble in’

- deionized water were dissolved in”a mi;.l-imnm amount r}r dimethyl sulfoxide,
(DMSO)._The‘ﬁn'nl amounts of the inhibitors, per lmy: .ranged from 2 to.10
uxtlxola. A preincublllon step which consisted of maintainiug the mixture of
enzyme, buffer, and inhl’bif.or at 5"(; f(;r'ZO min was inelpded, belor;z the addition :
‘of the substrate. The pzrcm;t inhibition was based on a béntn;l u;ny without‘the

presence of inhibitors.
»
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2.2.5. Thermal stability studies

. Heat stability of the T16 protease ‘ -

. Heat-sealed glass ampoules (2 ml capacity) containingA.4 ml of TI8 enzyme

ina ‘at 50°C. Following a heat-up

extract were c
hme of 60 séc amponlu were removed at different Ilme intervals (0 5-10.0 min)
and nnmedm.ely placed ‘iv ice and nllowed to cool. The enzyme extncfa 'we;e

removed from tl

mpoules and centrifuged at 10,000 x g for 10 min to-remove
any denatured proteins. The supernatant was then assayed for prn_te.';sg activity -

* using the standa®ld assay method.

The above procedure was repeated‘ at different temperatures (90, 120 and

lso"q)., For the 120 and 150°C temperature-treatments an oil-bath was used
Heat l‘.b““’,ﬁ{ the protease in'the presence of metal ions

Differeat-amounts of CaCl, or MgCly (0-40 smole) wers incubated with 02

ml of the partially purified T16 protease in 100 mM Tris-HCI, l;l{ 15 (total vol.

15 ml), for 20 min at 0-5°C. The reaction mixture was then heated for 10 min at
90°C. Aj'ter cooling to 25°C, the standard enzyme assay was perl‘o;med. Unheated

. controls with added’ metal ions were also yrepu.'ed and they represented 100%
_ A sinilar expenment wns perlormed to determine whether the nddmon of

nctivity.

metal ions to the proum. followm; the heat treatment, wonld restore any of the

)f\ ?
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Tost uti;/ity. After heating at 80°C for 10 min, and cooling to 25°C, CaCl, or
MgCl, (0-20 smole) ws added to the TI6 samples and incubated for 1 b at 05°C. =~
Again the non-heated enzyme was considered to represent 100% activity.

To invést the ibility of reactivation of heat treated proteases with .
lirhe, the pmil.lly puriﬁéd proteases-of isolates ;l‘lz Ti6 and T20 were stored on
B ice for 24 h immediately after’ heat-treatment (80°C lor 10 lm\n) The prouue

acnvmes . were compned followmg the cold storage.
. ‘ . 3

'Hent'aubllny‘ 6{ T16 p p;n;én;eﬁ Ql?e, presence of In:t..iwe

|
= Partinlly pqr{ﬁed >Tl!} prote"mv (o.z ml) was incubated in the presénce of
various amounts of-lactose (0-5 mg.in 100 mM Tris-HCl, pH 7.5) for 20 min.n.
0:5°C. The mixture (total vol. 2.0 ml) was heated at 80°C for 10 min, and then
cookdvin ice. The protease activity. was then determined by the standard my‘p
m:thod Unheated enzyme (onnols containings lactose were n.lso prep:ned and

their activity tepnseuled wo%

Phynlmhemlcll propertlu of proteases

D, oSl of 1 poinuby " focusi
: ’ .~ f - L4
Chromatofocusing with pulybu'"er aod polybulfer exchanger allows the
separation of proteins according to-their isoeléctric'points (pI) in a column.

(Lampson and Tytell, 1965). The isoelectric points of the six proleases were

* determined using  ch of g kit (Ph acis Fine Chemicals, Montreal,
Canada).’ A eolumn (1 x 30 em; 20 ml bed vnli‘lme) was equilibpated with a start.

N =
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buffer (25 mM Imidazole-HCl, pH 7.4). The‘ crude enzyme extracts (10 mg
protein in 5 ml) were dialyzed ng;inst the start buffer and applied to the 41;1)
 which had been washed with 250 ml of the start buffer. Protein in the fractions
-was monitored at 280 nm\. Polybuffer 74 diluted 1:8 with d-istilled ter and
ndjnsud to pH 4.0 with eil)o mM HCl was used w elute the‘bound prm@: Tl\e
pl of a sample was (aken as the pH o! the_fncuon at wluch maximum protease

activity was detected. The column was munnmed at $°C atall times.

2 ,Amluo acid analysis

>" Amino lcld anllyus was performed after hydl]olyus in 6N HCl ‘at $10°C for )

) 24, 48 and 72 h, in a Beckman model 121 MB' xmmo acid :nnlyze / A single.
. column of Beckman AA10 resin was used wnh a thyee “buffer lithium system as
dacrib_ed ‘in . Beckman 'Techniv_:aj Bulletin 121MB-TAB‘OI7. The amino ;cid
composition .was * estimated lsVTollnwg; (1) for thn‘se amino acids with constant

. -v’alng for all hy‘dmlyli: times the arithmetic mean was used (2) for thos’e which

th tlme of hydrolys- the mnlmum vnlne obmned was nud (3) for

increagpd

tl:ose which decreased with hme of hydrolysis the vzlues were exlra.polned to

zer®

Cysteme And methlomne were deurmmed by perlormxc acld hydmlysls'.
(Bmlcy,lmﬂ] Perlolmlc md (2 ml) was added to 1 mg of protem and stured nt ”
5°C overnight. - :Distilled water @ ml) wis' '.hen added, the mixture was *
lyopholized and then hydrolyzed in 8 N HCI for 24 h. Cque and methmmne
_were: t}:en deb!rrmned by IIIIII'IO acid analysis as’ cysteic lcid__n;}d methionine é
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) sul!one Tryptophm was determined after hydrolysis of the protem in 3 N

mercaptoethanesulfonic acid as descnhed by Penke et ul (l974)

Estimation of purity and molecular weights ‘of prnum"

Polyacrylamide gel electrophoresis
‘Disc—gel'electroph;)resis-"wm jeiforméd'ncqording to the muphnd of Davis

'(1954) to determ e the” homogenelcy ol‘ ll'e purified -protease, The 75”“_

polyncrylwude gels were prepnred ag" descnbed in Appendix C. Electruphorws

Was, carried oit usmg a model 150A gel electrophorws cell {Bio-Rad). The =

. solition i the cell _wur200 mM _'1‘r|,s-gly ne buffer pH 8.3. "Cold water was
circulaged lli;-o.ugh" the gh‘amber to mnint’ain'a low tempemlure,-a‘nd‘n constant
cﬁrrﬁrﬂnt of 2 mA per gel was ngblied using a Buchler :‘Hsop power  supply
(Bugchler lnsuﬁ.enm‘ Inc., Fort Lee; New. Jersey). Bromophendl blue (0.05% in
wnler) was used as the. trackmg dye. E]ectrophoresls was judged to be complete
when the tmckmg dye was app‘oxlmhtely 1 cm from the bottor cﬁ' the gel. The
gels were removed from the tubes and were fixed 1o 10 ml-of 12% TCA for-1'h.
The gels were nansl’errred'(rvm the TCA snluuon and slmned overnight using:
025% Coomasm Bnllnm Blue R250. The gels were destained in 7.5% acetic ;xcid

wul\ 5% methanol using a power destamer = g £

< -SDS polyurylnm(ni'e gel 'elel:zrbphqnnll !

. . P A
The‘relntive molecular weighit of the purified T16 protease was determined

"
by gl electrophoresis using the Weber and %boru (1969) method. The purified




protein (40-80. ug) was reduced by boiling for 2-3

sodium dodecyl sulphate and 0.1% 2-’mercaptoethnno . The protein was applied to -

30

in in| the presence of 0.1%

10% polylcryhmlde géls.(Appendix D) and electro) horenq was conducted at a

tained as described for l.he

canmm current of 2 mA per gel in 10 mM sndmnlsphosp‘]ate buﬂ'er (pPH 70)

The geh were fixed in 12% TCA, and stained and d
_Davis PAGE gels. ~ The miobilities of: the pmte'n% were determined by the .

h .. equ aiion:

E mmnzv = migration of

rote in

Tength gel destained”

- The mobility was plotted agsinst knowﬁ molecular weikhts of standard proteins ..

éxpressed on a smi-logarilhx_nic scale.

(21,500), and lysozyme (14,400).

. - Gel filtration of/p/rote_uu.

The molecular weights of the proteases were ﬁ’determined by gel. -

liltntion di

‘.

ibed by

el _before stdini
migration of ‘dyé

drews (1964). Crude

to ‘the p

lyophxlxzed enzyme extrucu (m mg protem/S ml) were gpplied to a calibrated

Séphadex G-150 column (250 ml bed volume, 4 x 50 cm) which had been

equilibrated with Tris-HCI bul(e} (pPH 7.5). The column was washed with the same

—

\




. “ ) . _/ .
, A\ :
. 40 .
bulfer anm ml fractions were collected. Fraeuons werf assayed for pmqn
~ content and engyme aclmly Proteins of known mo'eculru- wmght used as
standards were BSA (86,!00), ovalbumin (45,000), lysozyme (u,m). trypsin

(23,098), catalase (60,000), and cytochrome ¢ (11,700).
c— E & e .

ul fugation of T8 -

The szdlmenm\on velocity of pnnl‘ied T8 emyme was determmed

centnlugedgi 20°C and 60 000 rpm in a Spingo Mod:l E Ullmcentn!uge

B T 5.

. A single symmetrlcnl peak was observed in the Schheren pruﬁle ol t.he

sedimenting protein. ’l‘he dil i ffici (S-value) was calcul usmg
the sed@lion data. ; 5 S
7 L - .
= e ¥
Difference index (DI) * » i

’/

The difference index (Metager et al., 1968) bas been used to predie'.,
whether two proteins are related based on their amino acid compositions. D.I.
values less than 10 indicuu‘;e-lnl:ednmg belwe?n 3 pair of proteins and 'uluu

~ greater than 26.8 indicate nnréllt‘;dnm (Wood ward, 19'.18). Two proteins were * b

compared by, determining the difference in the fractional content of each amino

acid, obmnlng the sum of the absolute value of these dlﬂenncm md muluplqug 4 '\

that sum.by 50. s
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N-Terminal smino acid.analysls

. Lzbellil‘gg of the N-tgm\ﬂdal amino acid of the T13, '(Jﬂ and TR0 proteases,

was carried out using the dansyl chloride (DNS-CI) technique ofngd\s and Wang

. (1967). To an enzyme sample (.100;209 pgol prote}n) dissolved in-50.ul of-500mM
.sodium carbonate (pH 7.0) containing 1% SDS ws’.s‘ addea one-half volume of
DNS-Cl solutlon (5ug/ml) in acetone and mcubaled at 37°C for 3 h. The pro!em
was preclp)med w:t{& volumes-of 10% TCA nnd pelleted by centrifugation a{

10, 000 x g for. 10 min usmg a Sorvall Supeupeed Centrrtuge The preclpltate was. ! )

wushed with 2 ml o[ 1 M HCI to remove the SQluble dansyhc smd and dr

. rwdue was dlssolvpd m about, 10 ul of ethirl nceﬁte Th se;{arétion a.nd 5

T identification oI' the dunsylxted amino > acid W was car ed out us(ng the pq\lynmlde

%
o « thin luyer chrl,\mntography method of Hartley (1970) Stsndard dansylnted amino

acxds were ‘included for the ldenuﬁcatmn of "the dansylated amlnb BCldS- in the

. sample. - "

Amino lll‘l‘l' dg@ermln-thn .

w s The amino -sugar contem of the Tlﬁ pmtease was determmed by the
method: of Bluck et al.’(1970). The protem _(05 mg) Was hydwlyzed (under

' vacuum) with 4 N HCl 44 100°C for 8 h. The HCI was removed i Sapuin der

. " sodiam hydmxu‘le and the dried sample reconsmuted wtth 200 mM sadlum cltrate

biter (pH 2:2). Annlysu was per!nmxd on a Beckman W2 resin bed 4t 65°C; The'
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elution  buffer was 400 mM sodium gitrate pH 4.1. The detoction agent vias

nishydfin. - ¢ S ] )
- st Y. S o A

ydrop! phy
. F‘ 2 ¥ B W
phobic interaction ¢h raphy (HIC) is a techniqie which-can

®
separnte protems on the basis ot‘ their relatwe overnll mﬂ)phublcltleﬂ. as

" mdlcateﬂ by the dlmrmg strengths of their* h"drophoblc mteracuons with” an

i uncharged chtomatognphy mateml whxch contams nonpolnr (hydmplmbic)

groups B 4 rL’»

. enzyme extract (5 mg pmtmn/ml) was dxalyzed against the star'. bul’fer, 10 mM

1

The ovemll hydrophablcmes of lhe protea.ses were compared hnsed on lhe

;pulnmy and ioni¢ strength of the eluent reqmred to‘desorb the protein rrom the.

.'Ocl.y‘ ) s CIAB gel (Phas ia Ghemical Montiéal, Quebec) The crude

"sad;um phosphate buffer,\pH 8.8, contammg 25% nmmonnlm sulphale The
;| enzyme exl,m:t (5 ml) was npphed to the Octyl Sepharose CL-4B column whlch

hnd been ethbmbed with the start buffer. The columa (20 x l ¢m) contained 8

ml of ‘the gal material and was msmtamed at 5°C. ’l‘he unbound protein was

) elnted with 200 ml of the start bnll’er The bound proteln was desorbed I'rum tlle
column by decreasmg the ioni¢ sﬁ-ength and mcreasmg the concentrnuon of

vethylene glycol in the eluenz .wnth 2 linear gradlenl The grndlent wn.s created by

mmng 100 ml of 25% etbylene glyeol in, phosphnté bulfen to 100 ‘ml of the start

~bnl‘ter (25% Ammomllm sulphnte in phosphnte burrer) ata rite of 0 5 ml per min

uslng'n gradient mixer (LK.B-Pmduct AB, Seqckhnlm Sweden) with conslnm:-




y p 3, ,
stirring. Approximately 2 ml fractions were collected and the protein which was
releﬁﬁ!d was.monitored at 280 nm. The pmleolytlc actxvlty in the Imcuons was

determined by the standard protease assay nwhnd The relative hydrophubmmes ;

, of the were. exp d as the jon of i sulphate Q-
. ethylene glycol required to release the enzymes from the Octyl-Sepharose ‘CL4B
- column. Twolstandn.rd proteins, catalase and my‘oglobin, were treated in the same
.manner. The elution of Lh;ge praieing wé; x‘nql‘zitored by the c,h‘ange in absorbancé

‘at 280 nm.

2.2.7. Protease specificity ' : o

Protease sp to protein sub : e

" The envzyl’ne extracts were ‘nssnyed for activity using the ninhydrin protease
assay method (Relmerdes and Klosﬁzrmeyer, 1976) with a wtnl of ‘nine different
protem subs'.rates The subatratu used were o-casein, f-casein, y'casein, x-casdn, .
a-lnctalbumm B-lncmglobnlm bovme serum albumin (BSA), nv&lbumm, and :

h:mo;lpbm Each substraté was dissolved i m 100 mM Tris-HCI buffer (pH 7.5) to

ST T a cnncontnhon of 2:5%. The results &e expressed as a percentage of the

activity obtained when soluble casein was used as the substrate.

Specifici ‘6?; e to peptlde‘ p

The hydrolytic, activity of the T18, protease against avnnmber’_ol sy;ﬁheﬁc‘

peptidés ('z-tyyul‘a, z-irpnlp, z-tyrser, z-tyrthr,-and z-tyrleu)l and polypeptide.s (B

 ala:pro-tyr-gly-NHMe, . B-ile-pro-tyr-ala-NHMe; B-leu-pro-tyr-ala-NHMe, and B
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la-pro-tyr-al NH’NE?‘ was “ d ined. “The peptide solutions (2 mM) were

prepared’ by dissolving the peptides in deionized wnte_( and adjusting the pH to,

*7.0 with 1 N NaOH. ‘The reaction mixture wvu made up of 0.5 ml of the peptide
-solution, 1.0 ml of Tris-HCI buffer (pH 7.5) and 0.2 ml 7" enzyme. The reaction -

mixture was incubated at 25°C for 18 h. The reaction ‘wns stopped by the

addition of an equal volume of minhydrin reagent and the mixture was heated at

' 100°C in a waterbath for 15 min. After cooling to room temperature, 5.0 ml of

s _ 80% ethanol was added and the.n'b_sorbncermtnsured at 570 nin u;ing the model

UV-260 spectrophotometer. ;,

Elastase activity

’Eo_ determine if the protease exhibited elastase activity, the nb;my of tthsr.-
e‘nzymes‘i to hydrolyze elastin was examined. The:reaction mixture consisted of 100
g of purified protease , 20 mg-of elastin-orcein (Sigma) and.200 mM Tris-HCI, pH

. 7.5, maaévup to a tptal volume of 2.0 ml. The n§s’ay 'mixture was incubated in a
shaker ‘waterbath :&7{’(} for 4 h wjith shaking (100 rpm). The reaction was

stopj:ed ‘by centrifuging the reaction mixture for'5 min in an Eppendorf microfuge

(12,000 rpm) at room temperature to remove the unhydrolyzed substrate. The

bsorbancé of the perr was sured at 570 nm. Appropriate controls
. . - . : . i
without substrate or enzyme were also included. ay By '

‘Collagenase activity

The collagenase nciiyity of these proteases was determined by the ninhydrin

r_nét‘lmd ‘with insoluble collagen as the séjbstrnté (Worthington, 1072).
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.

insoluble collagen (Sigma) and 4 ml of 50 mM TES buffer ‘contining 0.004%

N CaCl2 pH 7.5, in 25 ml Erlenmyer flasks. The flasks were incubated in a shaker

waterbath at 35°C for 7 bh. The pobydrolyzed collagen was removed by

“centrifugation nsing an Eppendorf microfuge (12,000 rpm) for § min. To 0.5 ml

of the supernatant was added 1.0 ml of nmhydrm reagent which was then heated
in sealed tubes for 15-20 min in 2 waterbath at 100°C The tubw were’cooléd to
room tempemture rollowed by the addition of 1.5 ml of 60% ethanol. The

absorbance of the soluhons was read at 570 nm.

! Hydrolﬁts of BAPA - ‘,

The . hydrolysis * of | BAPA, (a~N-benzoyl-DL-u.rginine-p-ni_tm;milide')' was

Carried out according to the method of Erlanger et al. (l%l‘j.
. L ) "

. Substrate Preparation: 1 mM BAPA was prepared by qjssolving 435 mg ‘of

BAPA iin 1.0 ml of dimethyl sulfoxide (DMSO) and 0:1 mi portions were' made up

" t0 10 ml with 50 mM Tris-HCI, pH 82 containing 20'mM CaGl, 2H,0.

Assay Procedure: ‘Purified T16 protease (50 ug), 0.5 ml, was added to

Vf ious concentrations of the BAPA subs:trate solution in, a quartz cuvette (3 ml

capucity)h at room lemper“nture. The change in absorbance at 410 nm was

méasured vontinuously for 10 min using the model UV-260 spectrophot‘,ometen

The reaction mixture consisted of purified protease (10 and 20 ug), 25 mg of-
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Hydrolysis of TAME

*The h/ydrolysis of the synthetic substrate TAME,
(p—mluenesulphonyl-[fargini‘ne methyl ester) was determined by the method
1

- described by Hummel (1959).

Substrate preparation: 37.9 mg of TAME was dissolved in 10 ml of assay
buffer ( 50 mM Tris-HCI, pr{ 75).

Assay procedure: The substme solution (0.1-0.. 5 mI) was added to the assay
buffer folluwed by the T16 enzyme (50 and 100 ug) to give a final volume of 3.0

ml THé reaction was carriedl mn ina qunnz cuvette (3 mI cnpacxty) at 25“0 and‘

the absorbance messured continuously at 247 am usmg a Shlmadzu UV- lslble 2k

Recording Spectmphotometer Model UV 260.

Ninhydx-l;; method
A3

) Tl}e procedure was. the same as the modified Hull's method except that-the

frée amino groups were detected using the ninhydrin reagent. The ninbydrin
' _reagent (0.5 ml) was added to 0.5 ml of the test soluti‘on.» The tubes were sealed
and the mixture heated at 100°C for 15 min ‘in- a ‘terperature regulated
waterbath. After cooling to room temperature, 5 ml of 60% ethanol Aw:u_z‘ ndd‘ed

and the absorbance was measured at 570 nm.

.\. . pB—Sth t\tntlou mechml . e .- g

- ‘The piotease actmty was measllred usmg/’ /an aulomsud Me'rohm pH-

stnt/end pom'. mrator (Bnnkman lnstmments Rexdale Ont) eq\upped with a
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chart m‘cordeh The protease activity was expressed as the amount of base (KOH)
required to titrate the free amino groups which were generated by the hydrolysis
- of the peptide bonds of the substrate by the protease.

& . " s
. : :
Procedure: 5 ml of 2% soluble casein (pH 8.0) was equilibrated at 25°C

" usmg a ‘circulating waterbath. Once & ﬂat baseline was obtained for. 10 min the
enzyme wnsadded (40-100 4g in 100 ul). The base uptnke was recorded for 20 min

with the titrator set. at pH} 8.0 and tlge standardized 100 mM KOH solution-in the

3= tilmhir.

2.2.8. Circuln dlchrolsm (CD) lpect.rl ‘of the Tlﬂ proteue

TFhe ell’eel of 'on the dary ol the plmlied T8
protease was investigated by comparing the CD spect;um of the enzyme at

¢ \
different . The OD n were obtained with.a Jasco J-20 A

Speclropolarimeie_r. To the sumpl; cell (0.1 em path length) was added 100 ul (40
g) of the T16 protease which had been dialyzed against 20 mM Tris-HCI buffer
(pH 7:5). The sample was scanned at wavelengths from 245 to 195 nm at &

of SD nm/mm, w:th a sensitivity value of 2, a chart speed of ll);})/fmn and a

samplmg time oI 1 ms. The témperature df the sample cell was adjtsted using a.

egulated h.” The temp ranged from 25 to 95°C. The

spectrum was initfnlly determined at 5°C.
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2.2.9. Local of active p and p:

Localization of the active protease and inactive'precursor of the T18 isolate
Q4
was carried out by selective fractionation of the bacterial cells by spheroplast

formation and mechanical breakage. =
N .
* Spheroplast formation

The methol‘l qéed to produce spk was th”el dur ibed by
Jeides al. (1980). A onelitre Erlenmyer flask; contuininmm of low,
phosp_k;ate medium CtApp‘end'u; E) and 1% soluble cx_;sein wis inocufated with an 18
b culture of isolaté T16, and incubated at 25°C (without shaking) for 72 h. The

cells were spuni down by centrifugation at _}0,006 x g for 10 min at 4°C. The

5 s\lpermrﬁ(‘l‘-‘rution‘ T) was ‘dialyzed aéainst‘ 20 mM Tris-HCI buffer (pH- 7.5),

9.
overhight at 4°C aad then frozen. The cels weretugshed with, 10 1l of 200.mM

MgCl2 in 400 mM Tris-HC], pﬁ 8.4. This washing s‘tep was repeatéd l!hree‘ times.

The supernatant from the final wash was assayed for. proteolytic activity to

N N - —
ensure that no active extracellular protease remained. The cells were suspended.in

10 mM Tris-HCI (pH 8.4) .cpn_taining. 10 mM MgCIQI (spheroplast formation step).

The spheroplasts were centrifuged (10,000 x g for 10%min) and the supernatant

- (Fraction II) was frozen. The spheroplasts were washed three times with 10 mM

Tris-HOI, .pH 8.4, with 10 mM MgCl,. Sphéropl ation ‘was confirmed by

monitoring each fraction for periplasmic si)eciﬁc (alkdline phosphatase) and

y ic specific (gli e dehy ) marker enzymes.
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ge of sp
The spheroplast pellet (3'ml) was put. in an X-Press cell (Ab Biotec,
Stockholm, Sweden) and frozen at -30°C, by submerging the cell in a mixture of

60% ethanol and dry ice. The spheroplasts were broken using a hy;iraulic press at

10,000 psi. The ruptured sph it were suspended in & amount of 10
mM Tris-HCI (pH 84) V‘Nith 10 mM MgCly, and examined microscopically to
ensure that breakage had been ncco;nplishei The broken spheropisst suspension
was then centnl‘uged twnce/ar 3,000 x ‘g for 10 mm at 4°C to.remove any
nnbroken cells Centrifugation of the broken cell suspensmn for 1 h at 105,000 x g
ina Sarvall Ulhmenmfuge OTD-50 ynelded a pellet of cell envelope (Fracnon m)

and' the

’
the- cytoj ic contents (Fraction [V) ‘The

. control Eonsisced of ruptured cells which had not been subjected to osmotic shock

treatn}ent.

Alkaline phosphatase aseay

Activity of the periplasmic enzyme alkaline phosphatase was determined by

the method of Garin and Levinthal (1060). The reaction mixture consisted a5

_ ml of the sample fraction in 1.0 ml of Tris-HCI buffer (PH 8.0), followed by 0.5 ml

of substrate (40 mM p-nitrophenylphosphate).  The reaction mixturt; was

incubated at 37°C for 1 h.-The amount of p-nitrophenol released was detected

spectrophotometrically at 420 nm.

Gl ..‘ hosoh y assay

The cy plasmic enzyme, gl was
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by following the reduction of NADP* as determined by the change in absorbance
at 340 nm (Malamy and Horecker, 1964). The reaction mixture consisted of 0.1 ml
of 100 mM glu‘c’ose-ﬂ-phosphate, 0.1 ml of 8 mM NADP™, 0.1 ml of sample, madé
up to a total volume of 3.0 ml with 55 mM Tris-HCl buffer, pH 7.8. The reaction
mixture was incubated at 30°C for 15 min. One enzyme unit reduced 1 ymole of

NADP* per min at 30°C:

i ( \
D of pro P (p!

The presence of .both active and inactive forms of the protease in. each

fraction was determined by the formation of a precipiti band by the:O hterlon

" immunodiffusion test using anti-TI6 protease IgG as deseribed in sectian‘E.Q.ll;

% .

P lyti ion of

An attempt was made to activate the proprotease in Fraction IT by limited '

proteolysis with both' active purified T16 protease and trypsin.

Fraction- II, 100 ul; 10 ug of T18 protease or trypsin; and 100 mM Tris:HC1

pH 7. 5 madé up to a ﬁnnl volume of 10 ml _were mcubated at 35°C l‘or 15 min.

. The substrate, 0.5 ml of 1% solnble casem was added and the proteuse activity

was determined ,after am mcubatmn time of 20 min at 35°C. Thlﬁ done by

measuring. the release of TCA-soluble arhino acids at 280 nm.”



2.2. 10. Mole percent G+C determi; ', of psychr p ‘tralnu

The sulnhty of DNA to heat denaturation has been.correlpted wuh the . /
content of gulmne and cytosine (G and C) base p:ur! The mole percent G+C can »
be estimated by determining the midpoint of the meltiuﬁ temperature of a DNA

sample i.e. the Ty, value,

The Tmﬂd of;each, DNA sample was determined guloinatically using 2’
pmgrnmmnble. Beckman TM Analysis* System (Beckman Instruments, Inc., °

* Fullerton,” Cl) Thls consisted of a six-positi per: : sample

holder, a TM compuset module and a DU s-\ﬁsnble computmg Spech-\oyhotbmeter "

with digital-plotter. . s 7 2 % o

o
Procedure: The DNAs of 19 of ?‘,he psychrotrophic strains were purified by
the method of Marmur (1961) as deseribed in Appendix F. A sample volume of
) W, . B L.
250 u1 was added to each of the six sample cells. The n])sorb.snce was, measured at

260 nm for each The range wag.from 40 to 98°C with a

1°C increase at 2 min intervals. The results were automatically tabnlat;’d as

clmnge“m absorbance at 260nm per change in Lemp):raturé (sA/6T) at each

interval. The i which the maxi change was récorded was taken’
a3 the Ty, value. -

The absorbance ‘at 260 nm of all DNA sampl} was adjusted to s valie qf

approximately 0.7 using the saline-citrate buffer, pH 7.0 (Appendix F).

. . N
A standard DNA sample of guherinlu'a coli. (Calbiochem, Behring
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Diagnostics Calif.) was dissolved in salms,-cmate bulfer and dialyzed against the

same buﬂer overnight at S“C The E. coli DNA was included as a mforence for

each r& and w‘ used to détermine the mole percent G+C values lor each of the

DNA samples by the following equation:
mole% G+C=mole %G+C ref + l.W]TM(x) - Tyref)]

where, X was the san:Ple DNA and ref was tbe E. coli DNA' mole"’:’; G+C
(ref—so)

z.ﬁ.ll. Immunological studies Yoo "4 ) Y

Antiserum preparation -

Antiserum to the' purified T16 pr;;iease was prepared in r:{ndo'n;-in'cc; New
Zealand whnte rabbits. Four 100 ug‘ ln)ecnons of the punhed enzyme in w ml of
complete ‘Freund adjuvant (Difco Lkboratornes, Detroit, chh.)v were given
s.cutanecusly at 2 week intervals. The animals- were. sncnl’iced by heart
puncture and the blood collected in stenh 30~ml tubes. The blood was’ smred nt
5°C and allowed to clot. The clot was cut into ‘quarters using a spntuln ‘and the:
serum gently decanted into a centrifuge tibe. The serum s centnfuggd_ (1,000 x
g) for 20 min at 4“64 The supernatant obtained was the source o!‘ the antjserum.
The gnmmaﬁmmunﬁélobulin (1gG) from the rabbit serum 'wg p;epnred hy.wdium
3uli)’l:a€e precipitation foll’ogvgd by DEAE- cellulose chrvoﬁntography s described
in Appendix G g ’
. : —~

5 & v @
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. lmn}nnoeleurbphomh

The immunoelec¢trophoresis of the samples of purified agl crude T16
protease was performed according to the method of Scheiciegger (1955) using Tris-
barbitol buffer,-pH 8.6. The immunoelectrophoresis gels were prepaed as

described in Appendix H. Approxii ly 10 pg of the protease was put in each ;:l-

the - antigen wells and electrophoresis was elrried out \using an
|mmunoeleclropharuu chamber (Gelmm S&encu, Inc., Ann Axbor, Mich.) at 3
o MA per slide constant uurent for 45 min usmg a Buchler 3-1500 powzr—supply

The agar in the center trough was removed and filled wlth lhe anti-T16 proteasg.
IgG (0.8 mg in 200 ul). The gel was mcnbated I'or 24 h/!!"S"C in a humld

atmosphere to allow precipitin arcs to l‘orm
gy

{ g oA

Immunodiffusion W'/

The antigenic relatedness’ of the proteases from several isolates was
exlmmed by the Ouchterlony double-diffusion test as ducrlb:d by Slalhr and
Levine (1963). The concentration of the IgG fraction of the rabbit antiserum was

"4'mg/ml as determined by Lowry's protein determination method. ‘l"he 1

concentration of the antigens (crude enzyme extracts) which gave the sharpest

precipitin band was determined by changing the antigen concentration. To .:llo:w
‘the precipitin bands to form, the Ouchterlony slides (Appmdix H) were incubated

in a humid atmosphere at 5°C for 24:h or more.
T . b ‘
X Inhibition of protease activity by anti-T16 protease IgG
v g &
"/  To evaluate the ability of the anti-T18 IgG to inhibit protease activity,

s
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,rvarious concentrations of the IgG (1.2 and 24 mg -per assay mixture) were
.

preincubated wit_h crude enzyme extra®ts for 20 min at 5°C. Equivalent nmm;nts

of IgG from an unimmunized rabbit were prei in the reaction mixture of
“the controls. The inhibition of protease activity under‘stnndm@,mny .conditinns
was expressed as percentage of the activity in the control assays. The erude
enzyme extracts were dilyted to gi\;e uninhibited/reaction r:tes of 0.5 ‘enzyme

units per assay mixture.

E linked i ssorbent assay v

Enzyme—linked immunosorbent assay (ELISA) methods are based on the use
of annge%s or.antibodies' that are linkéd to an insolubje carrier surface. The
relevant anugen‘ur antibody in.a test solution bmds “and the complex is detected

by an enzyme labelled antibody or antigen.”

> ‘The method used for the detection of antigen (T16 protease) .by the double-

antibody technique has been described by Voller 2t al. (1976). £

The wells of the polystyrene; culture plate. (Benton Dickinson and Co.,
Oxnard, Ca.) were sensitized with 0.3 “ml of the anu-TlB proteue.lgG rmctmn
. \ .2mg) overnight at 4°C. The wells were wuhed with phusphate—burfered sullne
' ;xtammg Tween 20 (PBS-Twaen) from a wash bottle, and gently Agnuted for 3

i min, Tbls proced\lre was' repeated three times and nlter ‘he final wuh the plam

weré shaken dry. Next, various ‘¢oncentrations of purified T16 protease (120840

ug) made up to 0.3 ml with PBS-Tween, were added, followed by a'2 h incubation
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per‘imvi n/room gemperatnré. Thé wells were again washed with PBS-Tween as
belore. “Horsendish peroxidase labelled anpi-'l:lﬂ IgG, (0.3 ml) was then added to

cach well. The of b idase (HRPQ) t5 anti-T16

protease IgG was csrned out Mcardmg to ‘the method of Nakane and Kawaoi

(1074) as descnbed in Appendlx_f. The plate ‘was incubated for 3 h'at room

) temperaluté The wéllé were again \'na.shed The horseradish peroxidase enzyme - .:

was detected by addmg 03 mLof the, ammusahcyhc acid and hydrogen peroxnde

substratc The reacuon wa: stnpped ane~ ih by the addition of 005 ml of.3 N

NnOH The total volnme was madu up fo 1.0 l wnth dexomzed water. The

nbsorhauc of the contenu of each well was read at 449 nm uslng the model

UV280 sp ﬂophotometcr The control well wns lreated _the same way - u! the‘ I

sample @' except 0.3 ml» of 1% bovine- serum nlbumm was subsntuted l’or the

Tls prolease

‘l{ﬁPO‘ ub amd lSngma) was

dissolved.in 10 ml of ‘wairm. deionized water. The solution was coo]ed and s%red nt

4“C lmmedxately hel‘ore use?, the solunon Was warmgd to room tempemturp and”




‘ .Chapter 3
EA ' RESULTS

3 1. Protense purinqptlon nld proper'.les

Pn;lﬂnﬂon

4B column mnlorml resulted in

consisted of the nonabsorbed msterml :

o ‘ ', ellll.wn buﬂ'er. conuuned mosl of' !.he protease utml.y A snmmuy_ol‘ the

i i : 'k .. punrcahom procedure is shown in Table 3-1:'A l50-lold increase in purlly, with s

51% recovery was achieved. However, a sxgmrcint decruse was noted !ollowmg TR

. the ultnﬁltmtmn slep Similar proﬁle: were ohldned for'the other I'lv: protesses’

wn'.h recoveries ol 38-57% bdore concentrnl.mn by ultrnﬁltrntwn (Tablq 3-2) “The




Figure 3-1: Protease purification by affinity chromatography

) Concenv.rmd crude T16 protease utncts dissolved in the start ‘lﬂer (25
mM lodmm acetate pH 5.8 containing 100 mM NaCl and 10 oM €aCly) were
applied to a column of CBZ-DL-pI:eny_hlmme TETA ‘Sepharose 4B. The bound
protein was eluted with eluting buffer, 100 mM Tris-HCI pH 8.0 containing 05 M
NaCl and 10 mM CACI,. Fractions (approimately 3 ml) were collected and the
. _vprolcm in’ them was monllqred At 280 nm. -Protease unmy ‘was delermlned by

]

& !.ha atxnd-rd proteue assay me!hod

G
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by affinity ch

Pmleue\

Figure 3-1:
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7 Table 3-1: Pyrification’of protease from P. fluorescens T16 -
Step * Vol Total Enzyme® _ Specific® © Degree of -~ 3
S (ml) Protein(mg) Units Activity  Purification Recovery
Crude extract ., 530 2760 .69 e 0025 . 1 100
Concentrated by . 50 163. - o3 - 0ass 15 01
Iyophilization . %
Affinity . 27 6.2 .35 45 - 180 51
chromatography
Concentrated by 3 18 15 3laz . ¢ a7 22
ultrafiltration . N ’
a. One enzyme unit is the.amount of enzyme requu‘ed to produce 1
wmole of tyrosine equivalent per min under standard assay.. ‘
_conditions. .
b. Enzyme units per milligramt of protein. - 8
N
- ' s
x ‘ . Q '
/

8S
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Tab'e 3-2: Degree 91‘ yurification and r ies of psych h protease .
by affinity chromatography®
Protease Speciﬁc" Degree Recovery®
: - Activity Purification %
:  (fold)
i T6 .. 23 163 a7
T13 39 140 | 42
T20 48 200 . 59
T22 38 167 - 51
T26 40 158 38

5 ) .. ¥Using CE2Z-DL-phenylalanine TETA Sepharose 4B; :

wow

b Enzyme units per mg protein as described in Materials and Méthods.

-8 éeréeht Tecovery nfy‘pur.iriedi enzymes before concentration. - by

gl 2.
ultrafiltration,




Figure 3-2: Polyacrylamide gel

electrophoresis of T16 protease

The affinity chromatography purified T16 protease (40 ug/gel) was
eloctrophoresed on 7.5% polyacrylamide gels at a current of 2 mA per gel. The
* gels were fixed in 12% TCA for 1 b and then stained using 0.25% Coomassie - .

Brillant Blue ll250 stain.
=y ¢
. O-origin
:P-'prot;n’e S
g ’l"—ti-'nl.(in:g dye’
. “+-positive electrode .

. —-negative electrode.
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Figure 3-2: Polyacrylamide gel
electrophoresis of T16 protease
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ultracentrifugation of the purified T16 enzyme showed s single symmetrical peak
with a sedimentation coefficient of. 3.9 S (Fig.3-3). These results indicate tfat the

proteases obtained by sffinity chromatography were homogeneous proteins.

3.2. Effect of assay conditions on protease’ activity

Effect of pH on pr(’;t‘eue activity

The influence of pH on the hydrolysis of soluble casein at 25°C by the
psychrotroph . proteases is illustratéd in Figure 3-4. The protease activity was
measired ushig 100 mM Tris-HCl<buffer for the values between 7.0 to 9.0, while

100 mM citr te-phosphate bulfer was used for pH 5.0 to 7.0. The pH prnnle for

each of the pmteues wg slmllnr, wnth mnxlmum enzyme actml.y hetween PH 7.0

to 8.04 The enzymes retained ‘some. activity even at pH 5.

Effect of témperature on brpteue activity

The optimum. temperature. for protease activity at pH 7.5 for the six
proteases mn.g‘ed 1rom 30"to 40°C, with a dramatic decrease in activity at 45°C

(Fig 35). T T "

« - ‘The act.wauon energies for zhe¢notense catalyzed casein hydrolysis between
- 5"C and 35°C were determined w:th the Arrhenius equanon which ' relates
reactmn veloclty to absolute Lempernure (Tnb]e 8-3) The observed activation
-energy for each proteue was determined by muluplymg the negative slope by a

correlmon coefﬁcleut of2.303R. . ) h




; ‘ » - ) ; /_/
Figure 3-3:  Ultracentrifugation of T16 protease 9 AN

The purified T16 protease (1.5 mg/ml) was centrifuged at 60,000 rpm for 60

~
¥ min in a Spinco Model E ult; ifuge at 20°C. The sedi velpcity was -
obtained from the Schlieren patterns.. *
. i A o
, “
S .
i
.
. Cal -
¢ .
: . o G
.
'
. /
i} . J
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Figure 3-3: Ultracentrifugation of T16 protease




Figure 3-4: Effect of pl;on protease activity '

The assay mixture contained i ina total volume of 2.0 ml: crude extract, 0. 2

ml; 0.5 ml substrate (1% soluble casein, adjusted to nppmpn?g pH); and 1.3 ml

of buffef, 100 mM Tris-HCl (pH 7.0-9.0) or 100 mM citrate pbosphlle {pH

5.0-7.0). Enzyme activity expressed as enzyme units pér ml. One [oryme usit is

d the amount of enzyme extract that releases 1 pmole of tyrosine‘ equivdénce per
min per ml. 'i'he results are an average of three dmrvmi‘n:tiou




- . Figure 3-4: Effect of pH on P'rouuse Activity

"UENZYME ACTIVITY
»




Figure 3-6: Effect of temperatureon protease activity
+ . s
Crud® enzyme extracts were assayed by the standard protease assay method
ll various mc-buhon umpenurs (0 to 45°C) using 1% soluble casein as the

-uhstnte Enzyme activity is expu:sed in enzyme units per ml.

% ke ! %
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Fi ) Table 3-3: Acuuuon energies lorprotenbcndyzed casein
i s 28 = hydmlylu" :

* Protease 1 5 A_ctivuﬁnn'Ener;y"
; L (3/mdl)
2P ot e 2 7 0,800 4 1010 T ey
TI13 i 13,000 + 1130
LR s ; '12,800 + 780
. T20 S T B 7,720 £ 940
™ " ‘- 19,680 +1470
T2 g & 9,880 1990
i
.
¢ X
¢ Com
ity 3
4 .
. | 4
K.
! : i
. v | L : !
- | 1 “ .
v e Y
i
. X, “ Py
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E]lfectof b 3 and incubati thne

i The opumal concentrauon of mluble casein’ for Lhe achvny‘ ol the Tl&

)oteue was npproxlmntely 2510 § mg/ml wnth little change up to. lo mg/ml

‘(soluble casein)- The pmteaxe a:hvlty tended to decresse shghtly with increased

Y

v substute concentrntlons in excess ‘of 10 mg/ ml (Flg 3-8).

The hydrolyslis of 1% soluble casein at 25°C as dete{mined by the Hull's

‘modiﬁed method protease assay, was found to be linear up to 40 min‘(change in

e ) . v
absorbance of 0.85) followed by a gradual decline (Fig.' 3-7). The decrease may

have been a result of limited substrate and/or end product inhibition.
o , 8 4
ProF'em actlvity using the pH stat method

The hydrolysi‘s of soluble casein by ¢he: T16- protease. could be measured

using thé pH stat method. The results were blot'.‘ed as pmoles H released per

minute versus enzyme, éoncuﬂlration at pH 8.0 (ﬂi&s). ‘The relationship was
linear lup to 90 ug, with 4050 ng per assay being the low’ concentration

detected under the assay'conditiong described in Materials and Methods. “The pH

. stat method was at least as sensxhve as the madlf ed Hull’'s method which wns_

imcluded for ccmpanson atudlés
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3 . ’
_Figure 3-8: Effect of casein concentration on protease activity

The TI8 protease (partially purified) activity Qich final concentrations of

mlnble casein (0-30 mg/ml) was delerwed using. the standard proulse ‘method.

* 'l‘he reaction mixture coml:ted ©of 0.2 ml enzyme, l 0 ‘ml’ subﬂ.mu (5.0-80 mg) and
0[8 ml of 100 mM Tris HCl (pH T5) The enzyme activity was exprmed as the'

hange i in lbmannce at 280 om, Bnrs mdlcate.lhe stnndlrd error lrorM means ‘

N=g) | ) Pew 8
. " ' /
L . =4 .
" % .
.
: :
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Figure 3-7: Effect of il_:cubntion time on protease nctivjzy

annlly purified T16 pmdue samples’ (02 ml) were mcubn'.ed in the

’ pnsence of 0.5 ml ol l% solnble casein and 1.3 ml o! 100 mM ’l‘m-HCl (pl{'l 5)-

l(erent time n)nurvn!s (5-70 mm) 'l‘ha reuhon: were stopped by the lddmon

ioof - 10 ml of 5% ‘TCA. The enzyme activity wu :xprused a8 the chan;e m )

™ R, M absorbnnce at 280 nm The vduu are an average of three determmnhonsp Bars* .

indicate stnndnd error nl the mean.




- Figure 3-7: Eiffect of incubation time on protease sctivity
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Flg;n-e 3-8: Determination'ol»pmteme activity using the pH Stat method  °

’fhe hydmlysis ol; 2% “soluble u.sein biy the p‘priﬁe’d Tlli -pmteme was

determined usmg an- mltomnt\c pH- Stat/end point titrator as ducnbed Jin’ the. *

Matemls and Method& The reaction mixture corisisted ol' 5ml of 2% soluble

-7 oaisein i in de\omxed water Adjusted to pH 8.0.- Dl"erent concentrauans of enzyme

. .were used (40-100 ug in’.100 ul) and the activity. was expressed as »moles H+ -

released per rng enzyme per mm

;[“he same. enzyme ccncentratiohs were used for the modiﬁﬂ Hu‘ll‘s_me‘tvhod
:(slmidard assny),v which was included for comﬁariion to the pH stat nssay metho‘d.

Enzyme activity Was expressed as the umoles tyrosine released per mg enzyme per

L4 P
mmat25°C . LEENEY

(») Ph Stat method (o) Modified Hull's method

R In each case the standard doviation’ from the mean of each point wu;a_ ’

<0.009 (N=4). The Least: Sduares lines . were determined "using‘ the' linear.
regression equnuon [Robblns and Van Ryzin, 1075) The correlation coel’l'lclenls

.(r)are>009 . Wil ‘




7
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Figure 3-8¢ Determination of protease uelivit’y‘using the pH Stat méthod
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3.3. Effect of protease inhibitors:and activators
- A ~
Metal ions and-protease inhibitors : N 4

At concentrahons ol 2 and 4 umoles per may mixture (1 and 2 mM) the

‘metal ions Hg?*, Zn2*, Fe”' Cu?* and Coz" caused slgmncnnt ml’nbmon of the

TlB proteue nctmtv Tbere was httle eﬂect on’ .the protease utlv:ty by Caz"‘

Mg“ and Mu“ (Table 34).

v“ '-l'he' results, ol’ the htomié absorplioli spect‘rnl -unalysis bl’ the puril‘ied
proteases T13, T16 and T20, for the presence of Ca?*, Mg?*; Mn2+ and Zn"+ are
presented in Table 3-5.-Only Ca®* ‘and Mgz"’ were found to be present in
significantly detec‘:table amounts, although Zn** was’ only detem@inec! for one ’

protease (T13) and found to be present at'a' concentration equivalent io.Mgz*.

The sensitivity*of the TI6 protease to a numiflr of protease inbibitors is-

shown in Table 3-6. Significant inhibition :was causéd by the metal chelating

agents  (o-ph hroli EDTA' 8&hydroxyquinoli and  2,2-bipyridyl). -
lﬂhlbltlon was also nnted with ychloromereunbenzaate, which sugguls thnt there

is cysteme present in the ncuve site o[ the protease. . y f
e
nReactlv-tlon of lpoenlyméu by metal 1on|j

An mactwe lorm of the proteases (npoenzyme) was obmued by dnlyzmg

-the enzymes sgamst 100 mM EDTA in :20:mM Tr\s-HCl [pH 7.5)..-Different ..~

degreps of reucuvn_uon of the qpoenzymes wer_e achxeved in the presence of added -
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Table 3-4: Effect of metal ions on protease (T16) activity

Metal Tons Cone. Percent Activity
= (smol/assay) * °
[T 2 105 211
. - 4 - 1B+ 9
" MnCl,. k] =4 L2418
&8 4 L1107 +15
"MgCl, 2 3, ; 100+ 7
4 CaL t10£20
CoCl, 2 B /A
j ’ 4 89411
CuSo, Sa BT 814
« 4 18+4
- ZnSo, 2 37 +8
. . 4 44412
o . FeCl, s ¥ OB 2%
it : ¢ 4. . 44318
HeCl, 2 e 84S
L ( 4 k-

. ) P
Metal ions preincubated for 20 min at 5°C with enzyme in Tris-HCI buffer
(PH 7.5). Activity of enzyme withe no-added metal ions was taken as 100%, using

the standard/protease assay method. . ) . ‘_-

The values are an average of three determinations.

ol AN
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Table 3-5: Metal ion conteflTdf proteases

Metal ions (g atoms/mole)

Protease Ca Mg Mn Zn”
TS . 5.0 0.3 <o:r 05
T18 82 . - a8 <01 nd
T20 | 80 Loo-40 <01 nd

& s, =

The metal ipn content of the punhed proteases (0.3 mg protem/ml) were '

d by atomic 1 p y:
nd=not detprmined
Values obtafned were from a single dntermmnhon




. Table ;;.ei Effect oyp;otense inhibitors on protease T'16

. Inhibitor |~ Concentration- Percent Activity.,
._(umnle/nssay)"'} AT ) ‘. il

s vp-‘ChléromerEn_ri‘beiupate 100 D myT
4 200 - a2ku -
o PMSFY : 20 7 1002 L
) 3 5.0 9542
-- o-phienanthroline . * - 10 B ‘0 ,
A . .20 ¥ L B
EDTA? BT Tis
. et o
&HYdIQX¥QHinoline v ~ ?‘ % ; - ;g i_g
' 2,2-Bipyridyl £+ 10 83 %2
Gl o~ 2.5 66+ 7
Pepstatin 2.5 100
-7 5.0 L0100
. Antipain Z 2.5 ‘ 08+ 1
g 5.0 C, 844
SoybeI:n trypsin T 1.0 100
- inlibifor | N 10 100
Cysteine $ 10 100" X
. 3 2.0 ., 100
N-Ethylmaleimide .ol 3 100
¢ L ! 2 - ... 100 v

lnhlbltors were prcmcubuud with the enzyme in buﬂer (Tris-HCI, pH 7.5)
for 20 min at 5°C. The actlvnty was determined: by the standard ‘protease method

The percent uzmty w7s dezermmed in relation to a control assay without the

mhiblmn The Vll\les are an a¥ Tage of threg determinations. ) )
» PMSF = phenylmethylxulfonymnonde : o B / . )
h EDTA = ethylenediamine ‘etruuhu acid

N
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Tnhle a—Meacuvnhon af EDTA treated proteases with metsl fons

) ;
of the activity ofghe non EDTA - treated protease,

w

The enzymé‘gcﬁvnty was dem-mmed using the standard proteuc assny

-
method, Theﬂ(nlu_es are ‘nn average of threa determifations.

.EDPA Tris-HCI (pH 7.5)

nd = not determined
. 2y

e

L

#
! The npoenzymee were obtained by dlalyzmg-lhe ‘protease ngnnst 100 mM

’ Concentratmn ’ % Relative activity
Metal ions - (sinol/assay) .. T8,. TI3 -T18 T22 T2 Tzo i
Lo, 0T 00 000
e X3 25 ‘24 - 02 v 34 3
8- ‘32 “22 ‘g0 37 28,
. & ‘e . ) _‘ »
] 0k .. "0 0.0 0 "0
. 3 4 \:1 o7 7 5, 8
i . 3
i 4 8,0 '4 ;
MgCl, 0 o ‘0. o o o
A 4 12° 5 83 2 5
'8 / 9 4 88 0 4
2080, 0y ‘0. 0 6 0. o
47 00 0 0 O
8. 0 0 o -0 0
; Y
A * S N
A N

The ren’ctivaﬁm’ll, of EDTA - treated prot

4

2l

,




Ca®*, Mg?* and Mn%+ (Tmble 3-7). Reaehvatmr wis grentest lor pmteases

TlS and T20 Nu restoration of enzyme ncuvxty was Wetected: in the presenc\ ‘of

7 added Zn®*,

3.4/
/

Ther'mal stability studiés

‘\Hnt reulshm:e‘ of the ;i‘iﬁ plfoteue' ' . NG

Wl . . cc

The pumally punﬁed enzyme sample (T 6) was ‘hentéd at’50, 00, 120 and

'lSO"C for up to 10 min in, 100 mM {Tris-HCI, ])H 7.5. The grm\test decreuehl\ .

prov.e( ncnvdty occun-cd at 150°C, I‘ollowed by so 129 -and- 00"0 (Fig. 3-9),

nlthough lgmfwunt activity. remn\ned (18 ) following exposure at. l50°C ror two

minutes. For each temper: ure, except 150°C, the rate of nthnt}’ loss appeared

to be biphasie, with a rapid detrease durmg the l’lrst two minutes, followed by a

The’D-valu;’.svf or 4

more gradual declme with increased, exposum Lmre

‘ e - .

protease at 50 00 120 -and 150"0 estimated from the

_plot ‘of log % a:hmy remammg vs exposurq time (Flg 3—10), were 6.0, 26 T, 1.2

and 2.2 mm, résp&tw\ely

The presence of elﬁer Cn

iy

\

El"ect ‘of ihetal ion!y‘nn’d lactose on heat atnbllit'}' C

o ¥,
+ ong > duriiTg the bieat tréatment of the Ty6.

. S




Pl‘ur,e\lilx Heat ud;iﬁzy' of the T18 protease

¥ 0 P

The TI6 protease (0.6ml), was'placed in heat sealed 'glass ampoules and )
Subjected to temperatufes of 50°C and* ﬂd"c in a water bath, and 120°C and .
* 150°Ci .fa » éontrolled oil bath. Alfter different lengun of exposure time (0-10° min)
the enzyme was_ removed centnfnged and the supematwt nuyed for™) pmteasa =

uct‘vi usmg the standard assay method. Bars indicate the standard errer lrom
» S

lhe means lk—ﬂ)

-
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Figure3-10: Determination of rate of activity loss during heat‘treatment

Plot of the log of residual activity of the T18 protease sfter heat treatment
{as ziesclibed in the previous figtke) versus time. Only thu'rse‘residual activity

values’ nl‘ter the rapi decrease in protense activity were used The D-values (nme

‘requlred lor 00% inacf vatmn) were, det&mmed for 50, m 120 and 150"0 The £

: Least Squaru lmes were drawn nsmg the hnnr regremon equmou The"

correlation coe!!ment for each line-is >>.0.90.




87

f o & b ; _-_: ‘_.‘ e _

L : L RN
‘¢ | Figure 3-10: Determination of rats of activity loss duting heat treatment
. - . K R £
v
-

201 -

il 3

;i i s
g 4 - .
L5g % ACTIVITY' REMAINING

05




1 R 3 8 »- - .
N Table 3:8e Effect otGa2* and Mg?* on the hdat-stability of T16
% ce. L . E &
v S ek .
. j * "% Relative Residual Activity
- Unheated Control * 100 .

} Heat-treated:
ymoles-CaCIZ/ml

0, 16 4
R 20+7
10 - . 55 13 =
20 49+ 10 !
40 410
Heat-treated: *
7 _;ngoles MgClzlmI .
s ' 0. 1643
5 55%5
10 ~E o 918
-~ 20 g . 40%5 -
40 b 54 £ 11 g

w

] i o .
Enzyme sample was heated at 90°C f6r 10 'min in the absence and presence

of varying amounts of metal ions. -
S SEst oy o

The protease activity was determin.e;d soon alter_cooling on ice using the .

standard protease method. {her values are an average of 4 determinations,

\




= Y

‘o .

lele 3—0~ Er!ect of thc‘ nddmon of metal ions.on heat-treated T16 prnlense
: L1

L L.

Unheatgd Congrol
/ e
Heat-Treated:
pmoles CaCly/ml added
,l‘ollowmg heat-irentmept
E 0

L 10
<20

ymoles h}gClzlml added

ES following heat-! trem:nent,.
T T

- ‘y,:‘ );g. \

"% Rp(\tive‘l{esidum} Activity® *
BT

.

.
: Y

243

20% 5
26 %8

2.The metal ions were ndded to the en; )m! sample followmg heat- treatmcnt 1

determinations,

at 90"0 for 10 mm and preincubated for 1 h at 5°C before assuymg {or protease

" activity using the standard assay method. Jhe values are N averagn.- of 4.°
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Table 39 shows ‘the results”of the effect of the addition of metal ions
K

following the heat treatmeﬂ(/} the T16 protease. Buth Ca?* and Mg?* were
= X
found to be lneffecuve)nt reversm‘g~ the inactivation o|' the protease due-to the
. heat treatment. Lacmse did not appear to have any effect on the heat stahx}ﬂy of

the broteue (Tsble a0 N

o ; . .
When stored overnight on ice ﬂ:e activities of .the, henb—treated prateu;,es
Were rmm} to be s:gmﬁcantly Ingher than thgn- acnvmw socn auer hentmg T{n"

k . renchvauon,phenomeno.n aner cold smrnge was most dramanc for lhe T13

pmteaxe, with an mcrease from 4% of the residual actmty lmmedxately rallowmg .

heni trcament t0 96% nher 24 i in ‘ice (Table 3-11). ‘, - ,

3.5. Phygicqchemic_al propertieﬂ'

Amino acid analysis . . %

1 :The amino acid complositicn of six of the affinity chromatograﬁhy ﬁ;riﬁed

psychrotmphlc Pproteases are hsted in Table 312. For all pmteues the

’ predammnnt amino acids were asparhc acxd, serine, glycme and- nlanme‘

| Prouases "T13: and TZB dll’fered from the éthers witl relahvely low: concentrations
of glutnmlc acid. " : i P
The rﬁblecnlnr weigh',sA estimated fron{ the amino acid residues vor the

protenses rnnged from 39,090 to 42,000 and are in agreement with the values
obtalned by gel fil ltrmon )
il ) ! rr—t

" The N-terminnl nmino atid for three of the proteases (T13, T16, and T20)
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Table 3-10: Effeft of Iuto}e on the hgnbst,bjlity of T16 protease
T . ) . -
< , \ elnlve Rendu:] Amvxty
- Unheated Control . E b
- / s . ‘, l).- 5
% HeafTreated! [ & &
= L - mg Llck{éﬁdﬂx HE : 5 .
& C . 21
" . = R o 5 . 2044 7
P BE ] - 23 ¥6:
: 2.5 \ - ‘ 2143 -
\ ! - . 2BFA &

Pews ¢ .50

\ .
b
90°C for 10 min in the pnnnce and absence

Enzyme snmple wu heated at
protease ac@mty was deurmmad\oon after

' . of Varying amounts of lactose. 'Rhe
coolmgm ice, usinfﬂae modified Hulll‘s method. The reution\mxtum consisted of
|

2 02 m] of partially purified T18" pmtease, 0.5 ml.soluble casein (1%) and v-nou-
concenuatwns of luiou (0-5 mg) in 1.3 ml of 100 mM Tris-HCI (pH 7. 5)x The

|

values are an average of 3 determinations.
] -

I . .
. <
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" Table 3:11: Reactivation of heat-inactivated p
. i 1y . s 2 <
e + % Relative c%mg .
P ' Protease ; Be'fore Heating  After Hefiing’ AsﬂerCold \
. o muge
7 L
= ~ 2
< TI3 100 ] 4 2 |
N . Tie > 100 ; 19 P 48
‘T20 © 100 . 34 8
i = ~ = ‘f =
N & . \ : s 7

g : 5
* Enzyme samples (partially puriﬂed) were, heated at WC for 10 min in

. ' h
s sealed glass. vuls Proteue acl.wnty was dstermmad suon al‘ter cloohng in ice using
¥ the standnrd proteue uuy melhod : .
b ~ .
| ¥ The he-mrenled simpla were left in .icg .(0-4°C) for 24 h before
\ > .
¢ determining thie protease activity. 5 e’
» The results are an average of two separate determinations.
E % : N 2
XY o s ' P
= % - \
) :
%
. . /
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Table 3-12: Amino acid’c ition of psychrotrép
4 N . & . .
¢ . S % Total )
- . i
_~—#ming acid T6 ~.T13 TI18° T20 T22 T26
BN e, i r
: T =g P ,
Asp S 140 187 134 ) 123 170 177 F ’
L Thr wo o5 fe 7.0- 85 21 =
. Ser 118 , 85 11 113 88 . ..105
d G . - 120 49 | }GHU 88 . 12
Pro - 29 1.8 2.9 ‘38 .28 28
ay - 142 149 141, ,138 ° 150 139
Ala 82 103. 88 /85 93 87 .
= Val v f 48 58 73 .58 . 57 51 . )
S Met. e 08yl 07 07 , 05 10 - 05 : 5 e
L . 20™ 38 37/ 85 ‘3 cag . .07
eu - 53 75 . 83 68 : 65 67 ’ Z
Tyr,. L3404 20 23 34, -.51% )
. Phe : 32 ¢ 49 37 30 -..38 41 ’ '
y Lys - P28 26. /29 3.0 28 24 :
" His . 2.1 23 /19 2.3 21 2.1 : g
Arg Y. o 13 21 [ 24 33 21 ol8 .
_ Trp* - 07 / 04 0 . e
. Total 379 =" 302/ - 411 100 387 389
. T /i o “ oy
N-terminal® ' // b 3 s "
a8 : © ond~ //thr thr thr nd nd “ B
- Mol.wt(kd)* 39 / a ~.42 a2 a7 ,
Hydro S o
2  phobicityd : 2 . - i
©4 7 (3/mol) 79 3611 © 3322 3197 3184 322 | .
s, & g i . Amin 4“! residues were detected following hydrolysis in 8 N HCI at 110°C
: for 24 48 and 72 h. . ; i i
* ®Tryptophan  was d folowing hydrol. in 3 . N
mercnptoethanesullomc ncld(l’enke et al., 1974). . . g) » I
N ‘/h\v terminal amino acid d mined by the dansyl chloride me od’(Wood
7 and Wang, 1967). - LN .
/ “Estimated rrorn the molecular welght of the individuai amino acid residues ° f "
9By the method of Blgelow (e7): . - - T N et

nd = not decermlpdv E : A




>wu determined by the dansyl chloride method. In_each case the Nterminal .

was threomne, as mdlcnted by then' relnuu mobilities (Rf) m staudargl amino  _.

ot s ncndx durmg thin Inyer chmmamgraphy LR ) o s

Molecular weight llld aubun!t structure- i - x

" N o . . .

The relative moleculr weight of the purified T16 protease was detertined
by disc gel e]ecl‘m‘pbn‘;esis ;vilh 10% gels in, l,he. ;resencevol 0.1% SDS and 0. l% s
2-mercaptoethanol A single band (Fig. 3-i1) was ,ob!amed wnh an_estimated
melecular- weight of 37 880 +/ 1, 500 when compnred to a :et o[‘standsrd
protems On the basls oI' this result the protease appegs to. be a m(:;mmer with a8 o o

smgle subunit.:

- Molecular wéight d ination by gel filt
> " Crude concentratgd ‘enzyme samples were -passed ‘through & calibrated
‘Sephadex G-150 cSlumn with 20 mM Tris-HCI (PH 7. 5). The molecular sizes of

"\ 7 the proteases were uhmnted by comparison to stnndnrd“ proteins, of kuown
} molecular welghls (Flg 312) and are listed in Table 343 All'of the samples had '

Iy single protease’ in the crude enzyme preparnuon, with ‘molecular welghu of

g

38, 009‘%)40000 daltons, On the'basis of these resulLs the proteases appsar'to be -, -

7
% %
monomers congmmg ol single subumt& N
- Metsger dlirare.nce index “
j s o
. The difference index (DI) values (or_lﬁ pairs of proteases from psycﬁruitqpﬁé
-, . : w. -
£ - B < i I V
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s B . Figure 8-11:  SDS polyacrylamide,gel
: 4 L electrpphomis of T18 protease - -

The pnl‘lﬁed ’rm pmleue g annlyzed, by eleclrgehorem on m%

pa!hcrylamlde ge]s in "the presence of sodmm dodecyl sulphate (SDSJ The soa A
protemv 0:80 ug) was reduced by bollmg in 0.1%' SDS and Ol% 2- ;
ptoethanol befare ieation to the gels, 7 - . ',' 5 4 L ea ’»
‘ an? . . : o
. - s
. pIE 3
-
- 'albumln,Ch.‘ ',D bonic i =
. lw. lysozyme, O-O{I'Ki'n, T—h‘acking dye. 5 I~ .‘
\\ . . v s A
_ L R .
P \» 3 /‘ y ¥ N - P
! . t. B . Y . .
) Ll = .
~ ; - i - . Pad
7’ ¥ “" . ay
X : - - A
- . - Y -
i i
A 0, . — ¢
- ") . - =
£
; N-l
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. -
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Figure 3-11: SDS polyacrylamide gel
electrophoresis of T16 protease
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Plgur} 3-12:  Gel filtratioy ;tandard curve .
) ’ E

Pmtems of known molecular welghts ‘were passed threugh a Sephudex gxso

chmmsmgrnphy column The co]unln was wuhéd with 20 mM Tris-HCl, plL? 5

was prepared by ploumgK , versus log molecular wclghL ! cwe @ gt .
. - So Kav.= Vei- Vo ”
E el S e

" * Vo= void volume ss'determined with blue‘dextran {48 ml) -

Vt= total bed volume of-columin-(250 mi)
Ve = elution volume of protein . : ( s * = :
The standard proteins were, BSA (66,200), catalase (60,000), Svalbumin

(45,000); trypsin (23,000), ysozyme (14,400) and. cytochromé C (11700).
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Figure 3-12: Gel filtration standard curve .
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5 Tnble !-13' Molecular werghl.s of prQeases by gel ﬁllmlmn

] Yy T -
Protease . Molécilir Weights
$ . ! ' P
T8 . 30,800 L
5 T13 P \ 38000 O Do e
by S T8 33,000 - T
s v. . T20 0 . 2 30,800 N
L i g (T22 . : . Wmgoo. - ¢
¢ y ° e T2 . A © 738,000 - ;
Nl .. .. Y vin W\ 5 ) b
: i . . o
e wk Molegiil we|ghcs were determirned b; pnsslllg crnde conccmmtcd samples

{kr(mgh a cﬁllhmted- Sephxdex Glso column Protease nchvn.y in U:e ri gl;s'.

l‘rom the- column was . determined by the s&andnrd assay methad descnbed in

¥ Mntermls and Methods. The .vslueu obtamnd are n{) avl:rage of y,wo )
R .4ete‘rminations. * : - 2 &l y g
¢ '
e b on S
- .o od ,
_ C e . 5
Y .
~ t S
) '
LI N
8 L3 N
Y .
P . . . i
. ' .
2 " z !
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~ Table3-14: Difference index

-
Té TI6 T22 =~ T28 T20 T13
T8 ] LR 3 +
Ti6 Y3 0 .
T2 907" . 61 .0 .-
A T28 10.5 78 54 0.
T20 74 49. 8.7 o102 C Ik .
. TI3 13.1. X llf{ P T4 71 . M&.T 0 e
oy no The dlf{erenco mr.lex valua were" cnlcuh'.ed Mcnrdlng to' tbe melhud ol

Mc),zger el nl. (1968) usmg llu amino acld :omposltlnn of - each’ of . the. puﬂﬂed

protelses listed in lble 3.4,




+,

conczntratmn of ethylene glycol (lower moniun sulphnl

o~ r :
: - 101
FN
oelectric polat (pI) : s 8

s
The pl nhlu for each of the six proteases w{re esumned I:y

/chromx I'Ocnsmg (Table 3—15) Crude enzyme ‘extracts were applied to a

polybuffer exchanger (PBE) culnmn and eluted with a pH gradient _using -

polybuffer 74 (Pharmacia). In each case’n single protease- peak wns‘elulegl from .

“the coumn (Fig. 3-13)! § ) -
Cu-boly‘qr-te content N > v

Analygs of the TlB prot-nse for’ amino sugar mntenc :howen\lhm. ﬁ’ol.h

glue/oumme and gahcwsamme were. prsﬁn);l"sle 3—16) Thu indicates that Ihe

protene can be conxxdered to be a glyco otein, ' >
~ e ® & . A 4
Hydrophobic¢i ‘ol‘t‘he, .
The average hydrophobicifies of the ,' wm' estimated from  their

- mdﬂ:‘luﬂ amino acid content using’ the method of Blgelow (1067). The values

ed Were lrom 2870 to 3611 'oule/mole (lele 32). - L

|
. Y : 2 Vs B ;
.y The relative hydrophobicities ‘of three s were de brmined by
" hydrophobicity i teracti ch a (H]C) using Ouyl-S phlrose 4B

Flgure 3-14 represenls the data obtained for proteue T16. A su mmy of the '

‘resulu for pll ‘three proteases is presented in Table 3-17.

requlred to clute the T13 protease from the gel, as opposed to Lh at needed for

3 The hxghnr i
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Table 8-16: Isoelectric point (pl) estimation by chromatofocusing

r = i [ /
| Protease pL
. - - . - 56
T3 . ) 5.7
T - - p s 57
- T20 : 6.2 N
T22 4’ 5.5 .

T26 w B OF 6.2

The pl was dommlned by chromntol‘ocusmg using” a- PBE culumn ;nd

Polybuﬁer 74 |nd is the avernge q{ two determmmons ~ o
e .
- =
[N
: ]




Figure 3-13: Chromém!ocusing of T16 protease
~

Crude ’I‘m enzyme (10 mg) dialyzed against the start bnller (25 mM
lmidnzoleHCl pH7.4) was applied to a-Polybuffer Exclmnger column and eluted
‘at its- isoelectric point ﬁ:I) with po]ybllﬁ’er 74 diluted-1:8 with dlsz led water and
adjusted to.pH 4 with l-'l’Cl The pH ( ) value of each {ractlon @ml) () u;e
proteplync activity determmed usmg the stnndard protease assay; ( l Absorbance . )
© 4280 nm. PR N 5 T ST U
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Figure, 3-13: Chromatofocusing 6! T16 protease
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Table 3-18: Carbohydrate content of Ti6 protease® .

#2 5
Amino sugar’ = nmole/mg protein®
- : :
5 Glucosamtne .* 3 311
s Gah‘;ctoumine‘ i ©28 <
s . | & <"
; E 3

= = 2N o
* Amino sugat content o{_ affinity chromatography-purified T16 protkase by
the msthod described by Black et al. (1970). '

® Values btained were from a sisgle delermination. .
s el

g o *F.  mige ® Pe

s
& ' Ny
] . ; : . - -
i ) ) : ’ ’ 3 | \
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Figure 3-14: Hydrophobici Snteracti h by 4

Sample: 10 ml (5°'mg) of T16 crude enzyme extract in 100 mM sodium
phosphate buffer pH 8.8 25% saturated with ammionium sulphate (start buffer).

. )
Sample was added to an'Octyl-Sepharosg CL-4B column, bed volume 8 ml. After

.
sample addition, elution was continued with 200 ml of the start buffer, followed

. by. a gradient of decressing- ammonium sulphate (AmSO‘) concentrition and :

. inereasing cthylene glycol on (final jons of 0% and 26%

fg‘spectivelx) El)zyme activity( ) was \‘iulemined bf the standard protease assay;

’r’prbtéfn was monitored st 280 om ( ).
[ s S

-
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¢ Table 3-17: Hydrophobici h h
., s .
o " Elution froni gel® . ’ )
] K - ®
. Protein. %Ethylene % Ammonium ‘m”/"‘"le) 8, & g
- ' Ve Glycol i Sulphate
N ) | % 5
o o= T3 ' 10.0 12.5 .
» - . ‘T16 2 0.5 - 12.6 33220 .
T20 .85 - 12.8 .37
catalase - "+ ‘103 . 12.4 s §020 -
" myoglobin 118 12.0 . 4561 PR
i . ] g
* o~
& The percentage of :thylene glycol ami nm-momum snlphale requxred to - -
releue the bound pmlem from the Octyl-! Sepbarose 4B co]umn material: The 5
values chtumed are an averdgedl two scparated,elermmahon& S
e HI = hydrophoblclty values obtained-from the am?uo acld content of each
B » : ’ protem using the method of Blgelow (1967) were included for comparison.
e . . £
>




. : 2 L A
3 ; : 109 . 5 3
N oW N & L o &

N
be inlembdi;te. These r@ulﬂu agree wlth the relal‘\ve hydmphobmlm .
determined nslng Blgelow 's method. . %
3.6, Substrate specificity of protesses .. s .

P of p | to protein substraf
W - > .

™ The sbiity of the eytracelldfir protesses to wse ¥, duiety o fotons s

was ined using the ninhydri protease assay method. The

£ @ resulis in Table l-ls show’ tﬁat except lon protesse Tlﬂ a-casein was the
v i L8 prefenxd Substrate, although slgmﬁcnnt hydﬁlysns of the omcr caseins wiis also ¢

’ evndenh The other milk” proteins, mlactalbnmm and &Iuc‘loglobulm were: not

W ..hydroly;ed. Thg non-milk proteins hemoglobm, bovine serdm albumin, and

" qvalbumia were all broken down Lu‘nribus degrees by the different proteased. ** -
] e e :

3 & R . RS
. - Five of the puv;ﬁéd pmleases were ined to d ine if Lhey
’ collagenase and elastase uuvnty Au ﬁve of the enzymes were able to hydmlyzc

iyt both collagen and elsstin (Table 3-‘!!). . s s ~

B! fieity of T16 protesse to synthetic sub ' =
- et T he "sp:ciﬁcily of “the ’l‘p protease (o a n‘umber‘q! synthetic peptides is
= \, shown }n Table 3-20. The protease was able to hydrolyze both dipeptides and
! shorty polypephdu Thc astion of the T16 protelse on lhe low molwm.r
; synth!tuf substrates BAPA and TAME was also examined. The proleue was nnly )

B T . eable to- hy?iyoly;e BAPA, with a Km of 059 M (Fig. 3-15). The catalytic =

S, o . effisiency. was considerably lés Lﬂn’n that of trypsin (km 003 mM) for BAPA. l 7
. il = = p .
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Table 3-18: Specificity to protein substrates :
. T
e 7 N =
% Relative Activity
g Substrate T T13 . T8 T20, - TZZ T26 & B
: Scluble * . .
R casein 00 100 100 100 100 ;
. . <- a‘casein 42, 100 - 56 18 130, =
- > . ﬁ‘cuse_in 79 . 64" v 3T 100 - 86
*. - kleascin 8. .Vod | 185 66 - . 105
~ B Hb i 54" L \39‘ .98 44 o 4T
¢ BSAT. 4l %7 54 2 58
Ovalbumin 14 .. 19 . ~ 42 21 X
. - a-Lactalbumin © 0 [ S B 0. o
s #-Lactoglobulin. ~ 0 0 0, (e 0 -
‘. ~-casein_ 68 _ 72 . 8 nd 87
g nd = not determined, Hb =hémoglobia, BSA = bovine seruim albumin’ ;
\ N ET B ; :
The activity, was- expressed -as a pérceutage of the o ivity obtained when.
5 . . . S - !
" / soluble casein was used as the substrate for Hull's modified” assay’ method. The
values are an average of th_r.ee det_erminsl_i_ons‘. i ) L
« . ' ‘ . e § Sah
i -
2 : -~ -
e , i i
. K i f




Table 3-19: Elastase and collagénase activity of proteases

Achvny (emyme nmla/ mg)
Cpll-gen_ae" Ehslm " Caseinase® 5 :

0.160 + 0.03% i
0.101 % 0.016:*

Protéase

0.478 + 0.127
L0.622% 0,204 -
078540155
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. “Teble 320: Proteate activity against synthetic peplides .
T Synthete Peptides (1 mM) ] SpecficAciity
< ) \[\I-YCBZ-B’[’yrasyl-lf'S‘erv g .‘ : h f)
. _\‘ . wt bn & .{ ‘.-_\‘..'»opgili.oovl
s i g l.‘oosxai.qoe .
' s 10491'134 003
N NCBZ«L-Trypbophyl L—Ala . Ty ‘o.oz'si-.'om
o .thBo:-AlaPm-Tyr.(;ly-Nmm © e 0,083 + l000
- Netd Boc.lle-Prs-Tyr-Alic NHMe . . .003“ 07
: N-t‘B?csLou-_PmTyr-Aln- IMe ' ' 0,035. i 007 '
; : g .‘ Lo 0‘,01;7 +.008
Du;rgini.;eynigrué.;olide. - 0180 + 012
T TE
! mg) was detcrmmeﬂ by thn nmhydnn mcthod (sectwn L3 2 7 6) :md is the avemge‘
"+ of three dcturmmntxons i .. b “__‘ . X S g
N L . . £ 5p;c|hc ncuvlty wu expressed as umulzs el' amino: acnd of- parpmtroamhde .
il s 5 5 \enscd per h per mg’ enzyme protein i ! ’ B
P ' ’ : I A




Figure 315: Accivizy of-T16 protease on L_-BAPA substrate

“ 'y Thé proteolytic. ncuvlty of the punﬁed Tis prctense was mcnsurcd/ﬁsihg L

,BAPA according to, lhe method of Erlanger et nl (laBll The hydrolysis of

different concentrations of substrate (O.Ltq 2.0 mM) by lhe prctensg (50 pg) was - 2 e
" determined spectrcphotometrlcnlly at 410 nm. The reaction velocity (V) ‘was i
expressed as the cllange in absorbance per mmute 'lhe kmcnc constant, Km was

determmed from the' double reciprocal plot ’l'he Least Squures lme was * - s

v.determmed usmg the Imear regresslon eqnauon (rr=0 90)
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Figure 3-16: Activity of T18 protease on L-BAPA substrate
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"Effect of temperature on ue‘condnry structure of T16 protease

~

The circular dichroism (CD) spectra of gthe T16 protease at different

res were determined using a-Jasco Spe imeter J20-A (Fig. 3-16).

The secondary structute was estimated based on the poly-lysine model of

Greenfield and Fasmisn (1969). The T16 protease 4t 5 and 25°C wag found to,’

* consist p}imérily‘ of random_cail (67%)‘and }-sheet (33%) With 16 detectable

rhel\x (Table 3-21). At temperah\res in excess of 30°C the secondnry structuro of

.the protease tended to shnn towgil an’ mcrease ol‘ nndom coil with a subsequent

decresse m fp-sheet structure. The shlft to: the random or unordered form

_nppeared to be grelter at 45 o 55"0 than at QS“C (Plg 3—18)

The thermal denaturation o! a protem can be fullowed asal fllncnon ol‘ the

decrease o[ elhptlclty at 224 om of the cp spectra ohtamed at dnfferem

temperatures. The denaturation pmhle which was obtained for the T16 protease
is shown in Fig. &17. Maximum uafoldisg of the protease occurred between 45e

55°C, however at temperamres from 60 to 90°C the protense nppenred to’ became

~ more ordered passlbly due to reloldmg of the _protein ‘molecule.

3.7. Loulilltiénﬁ'c ive yroteaée and pr‘}ecﬁuor 2

THe cdlture al_;pe_rnatnnt, the washed whole cells, the cell contents,:and -cell

envelopes obtained by mechanical breakage of the whole cells were assny.e{i o

protease activity using soluble casein as'the substrate. Protéqse‘n\cﬁvity was only

detected in the culture supernstant® (Table 3-22) indicating that' only - the

extracellular form of the T18 protease is active. Osmotic shogl; treatment’ with

MgCl, was used to seleétiyely separate the T18 bacterial cells into
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¥'_ure 3-16: Circular dichroism (CD) spum’no protease
LS - : ’

The circular dichroism spectra at various temperatures (25-05°C) of purified
T16 (40 pg) protease were obtained using a Jasco J-20 A Spectropolarimele}. The
’sunple. was sc'ml:ed at wavelengths from 245 t0 105 nm at a speed of 50 nm/min,

with a seﬁsitivity’ of2and a sampling time of 1 msee.
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Fl;ure 3-16: Circular diehroism (CD) spectra of the T18 protease
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. ‘Table 3-21: Effect of e on secondary ructure of protease T18
" Temperature (°C)_*. — % p Structure % Random Coil
= L, i ;

P B3 O 67
2 3 Y oer
35 20" § 71
0 2 74
15 25 T 75 'J
50 25 75

. 55 2 . 74
60 28 T 74
65 L A 73
70 2 - 73.
75 27 e 73
80 28 T 2
85 28 72 »
00 28 72
95 28 72

Based on the cxrc var dichroism (CD) spectra recorded from 495-245 nm of

* the plmfled T16 protease (40 pg) at 5-05"0 The secondary structure was

lculated ding to the poly-lysine. model of G enfield and mean (1969)

The valuu are the average of two separate determmatlons '
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.Flg.ure 3-17: Thermal denaturation of the T18 protease

Adproximately 100 4l (40 4g) of purified T16 protesse in 20 mM Tris-HCI

_(PHT7S buffer(was heated in a witer-jacketed sample cell, using a temperature »
regulated water bath, at 5°C increments (25 to 90°C). The sample was mfintainad
at each"temperaulre’ I‘or'S min. The extent of denaturation (unfolding) of the
enzyme was determined b;' QD-gneasurements‘ at 224 nm, with a Jasco J~2!)A

Spectropolarimeter. The enzyme was assumed to be completely folded st 25"{ v ' o

-
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" Figare 3-17: Thermal denaturation of the T16 protease

UNFOLDED .

. % NOT

. 20~

| SUNSRN NS NN NUN— S——S— —

25 - 38 45 - -55 &5 75' 85 95
TEMPERATURE (°C)

. N i T oA



121

Table 3-22: Localization of active protease in cell fractions
'

Cell Fraction®

Protease Activity®
(Enzyme units/mf)

'inturg Snpem’ntant

* Fractions obtained by, mechanical brenkﬁge of cells as desc}il;ed in

Materials ind Methods. *

& 011
Washed Whole Cells ¢ 0
£ . ,
g 6 - Cell Contents : 0 ‘
\
. Cell Envelopes J 0 ;
A

hProtﬁex/:se activity was determined using the standard assay method.

s
2
N
B

<>
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~
+  periplasmic ‘and eytoplasiic fractions. The, marker enzymes, alkaline phosphatase _

[perrplasmlc enzyme) nnd gl 6- ydrogenase .(cy

enzyme'f were nsnyed in“each l‘rnctwn to ensure Lhnt the osmotic shock lreatment

-was successful. All of the alkaline phosphatase was associated: with the MgCl,

sitiaat and MgCl, shock fluid, wpile.gluqose-g-pbospbate dehydrogenase was only
- g, detected in the cell contents a.nd cell envelopes, indicating that tl{e osmotic shoc.I.( 3
“treatmient was.effective (Table 3:23).. A gossible inactive form of the protedse was
dete‘cted in the l‘\l’IgClz shock Mluid (periplasmic) fraction-by.the formation of a

precipitin band " agaiust the anti-T16" protesse IgG. Figure 318 shows the

“immunodiffasion reaction for- each of* the ‘fractions, ‘as well as purified T16

pro',en.sc,. ngiins he lgG:‘fl:he precipitin band patterns betwéen the active

proteéase and theiiossibier ‘»‘is haracteristic of antigenic nog-identity.

s Attempts to activate thie precursor by selective cleavage uSing the active

Ti6 prdtease and (.rypsig were not successful.
\ . T ., . . N\,
. 3.8. Mole percent G4C determination
5 m

Psychrotrophi¢ bacteria from different geographical regions were compared

- il s
based on the mole % G+C'wntent of their DNAs. ‘All of the 19 isol@t{es were of

m||k origin and cnpnble of ducing heat-stabl Tlular- ’l‘he mo]e

% G+G contcnt for each isolate was determmed from the melung remperature
'4(TM] of their DNA as described in sectlon 2.2.10. The vslues for all ofcﬂae |solates
\Nere in the range of 58 to 82"6, except for lwll?é 015 which hnd nfmle % G+C
content of 44 (Tab‘e 3-24). According to "Palleroni (1984) the. mm 4

( content of . Sl s ® [N
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Table 3-23: Localization of protease precursor

o Alkaline Phosphatase® Gl 6-Phosph

. (%ol total) | Dehydrogenfse® .
N Al ¥ (% of total) N\ o
: +

7 y;cx, wash . 15 0 =

4 MgCl, Shock Fluid 85 . o
i (Praction m ¢ ®
ya .
! Cell Contents  * 0 u g i e F e

Wi (E"ractiol\ m) /.-j . - - 2

Cell Envelopes 0 . 53

“(Fraction IV)

*Alkaline phosphnm activity was demmmd by the method of Ennn and

Levinthal (1960) using pyni P | release
was detected by absorbance at 420 nm. B -
> =% .
5Glucose-6-phosphate dehyd activity was measdred by the reducti
. of NADP* as determined by chuge-m absorbance at 340 nm (Malamy and
% Horecker, 1964).

The utiviﬁﬁre expr&d as a pefcentage of the total detected for ° S
all fractions. ® - ¥

)
P
‘
-
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Figure 3-18: Localization of. proprotease by-the Ouchterlony doubl -diff
o test. .

/
‘. The double—dlf{usmn lest was carned out s descnbed in 'Materials and

Methods. Tb&dmcrenl fracnons obtained from the osmohc shock treatment of

the T16 cells (seczmn 229 5) were put in the ‘outer wells. with- l,he auh-Tlﬂ

prnlense IgG in the | center well Puirified T18 pro!easen{ll) ug was Also included

l-sppernatanl (Fraction l)

2.MgCl, wash

) 3—cqli envelope (Fraction ) L ¥

4-gell eonunts(h}c ion [v) ™

5-MgCl, shock fluid (Fraction ll) _ e LTy
" 6-purified T16 jroteass o i3 . .. e

e
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Figure 3-18: Localization of proprotease by the Ouchterlony double-diffusion
test.
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.. Table 3-24: Mole percent.G + C determination
¥ , . 2
Isolate <A Origin® T+ Mole %G+C
'
. © e N : N 60
TI3 5 ¥ ON G, 60
TI® . 'N " 60
; 0 . " N St
i Te2. N =l 60
. T26 N-. ' - 60
013 ¥ L O 59
015 ¢ o -
T ®A B o - 58
33 o & " 60
w 19 o 58
240 A 62
M5 U 62
V < AFTT 1 80
l AFT21 1 58
N AFT36 L . 80
22 B 60 .
2-1 B 82 -
i 22F Ne 8.~
- <
" AN=Newloundland . s o
. - O=Ontario w o
* B=British Coljmbia
eland g
Australia
AT .

v
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members of the genus Psewdomonaa is between 58 and 70.-A mole %

G+C content of 44 isyconsisten‘l Wwith the genus Altermonas (Baumann et al.,

1972). Members of the genus Altermonas have properties that are similar to

‘those of Pseudom onas except that their mole'% G+C is different. -

.3.9. Inmunological studies » w R . e

iifmandiegeopliselinf Tie

Samp]es of ﬂle punfled apd: crude exzmcts ?f T16 were scpnmlcd by‘
electmpboresxs as. desmbed in _the Matcrmls and Methodx Preupxlm ares
" developed ngamst ‘the nnthemm to the punhed enzyme. A. smgle prnclpmn are

was observed for both the crude and punﬁed énzyme snmples (Fig. 3-10) wluch to.

“indicates- the presence nf a smg]e anugen

Ouchtcx:'lony double-diffusion tests *

All six of the proteases'of the psych hi domonads, -isolated from

Newfounidland Junsd

h p1 étrong precipitin’ bands againét anti-T16. protease IgG

with the quahtahve lmmunodlffuslon test (Fig, 3'20A). The Tack of spur form:mnn,
. between these antigens in mdjacnnt wells mggest thut they shnru common

nnug__emc determinants,
- s Bg
.Criide enzyme extracts ‘of the psychmtm]‘)hicv bacteria from different
geographical ll'egions (Onta;io, British Columbia, Ircland, USA., Australia, and
thher}ands) wérevnlso _found m' cross react wi}.h the an‘tisn’ru‘m to the TI6 =
‘ protease (Fig. 3-20B). Some proteases produced multiple prec‘ipil‘.in vbnq’dn. possjly *

indicating the presence of *




Figure 3-10: Immunoelectrophoresis of the T16 proteass
v n oH

Applls/xir;!alely 10 4, (10 _ug], of the protease solutions were'put into the
wells on each side of. the central‘ tiough. The proteins underwent electrophoresis
for 45 _min at ;illrm.p;ar slide. Tlm agar ‘in e center trough was removed and
filléd with the antiT168 protease” IgG (0.8 mg‘]. Thé gels were.incubated for 24 h

at 5°C ‘in 8 humid atmosphere to allow precipitation arcs to form._
A-purified T16 protesse_ < b ooy

' B-crude T16 proteasc;
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Figure 3-19: Immunoelectrophoresis of the T16 protease
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Figure 3-20: Ouchuﬂony double-diffusion of anti-T16 proteue IgG
and from different ical regions
' The agar gels were prepared on mi pe slides as described in Appendi

H. The outer wells were filled with the differen[prétease solutions (20 gl of erude

extract per well).

A. Proteases of isolates from Newloundland:
- : "1 Te
' ' T3 . ;
Ti6 ¢ .
T20 = . . !
T22 £
T26

ES
EATHGN

L B. Protesses of isolates from Ontario, British Columbia, [i]\and,_ U.SA,
\

Australia, and Netherlands. . g d ~
1, BC2-2 6 22F. 11 S63° . = .
2 BCI1 7.240 12 AFT7 3 »
3 M5 8 015 ' 13 AFT21 ' 3

. © Y4 013 0 32A 14 AFT36
i’ . z . .5 O . 1033 .
/ ' ", 15 P.fluorescens ATCC 15456
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Figure 3-20: Ouchterlony double-diffusion of anti-T16 protease IgG
and proteases from different geographical regions
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linore than one proten§ or the formation of polymers during the long
incubation period (4 days) required to allow the wen%bands to become more
intense. ’
= . ’
Inhibition of protease activity by anti-T18 proteast IgG
Antiserum prepared againsl. purified T16 protease inhibited. the protease
activity in partialy purified extracts of le as shown in Figure 3-21. Comp]ete

‘inhibition of activity was ohtnmed at an IgG concentration of 3. 8 mg, however,

" the degree of inhibition depends on the specific activity and concentration’ of the
A . :

r.-nt)"n{e in the reaction mixture.” , e

The inhibitory effect of the IgG on the T16 protease catalyzed. hydrolysis of

a-casein is shown in Figure 3-22. The double reciprocal plots which were obtained

(Fig. 3-22) are ch isti orJ'; petitive inhibition. The app Km\'s
were 0.03 mM_ while the Vmax decreased from 2.01 to 154 M per min. in the

pmsence of 0.5 mg of IgG (Table 3-26).
G

The cffect of the IgG on the activily of, the protesses from the othier
Newfoundiand strains was also investigated (Table 3-27). To standardize the
conditions the concentrations of the enzyme protein were adjusted such that the

uninhibited reaction rates were approximiately the same (0.5 enzyme units per pd).

All of the proteases were inbibited to a similar extent by the lg(}, with the T20 g

plolense being the least sen:mve

~




A

E W . .
Figure 3-21: ' Effect of anti T-16 protease IgG on protease activity

The activity of the purified T16 pratéase to a-casein was determined in the
. presence of different concentrations of anti-T\16 protease IgG (0:5 mg/assay). The
reaction mixture confisted of 100 ul (40 yg) enzyme, 0.5 ml of 2% solllbl.e casbin,
IgG and !00 mM Tris-HCl bu(fer‘(pH 7.5) to a final vnlume’o( 2.0 ml. Activity
was determmed usmg the standard protease nsssay method Thc mlubmon was

expressed as a pementage of the actlvlty in the nbsence of IgG nnd is an average

ol‘ threedetermmauons w . . ;.
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* Figure 3-21: Effect of anti T-18 protease IgG on protease activity _
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Pigure 3-22:  Effect of anti-T16 protease IsG on bydrolysis of a-casein

Double reciprt‘xcul plots obtained with different concentrations of ceisinm

e substrate (S) and anti-T16 izroteug*lgG. The concentration of nntibndy‘pu
assay was O ( ).and 05mg (). The TI8 protease (0.5 enzyme units/ml) ‘wu

incubn’ted innthe presence of l.:c antibody for 20 min at 5°C before the sddition of

substrate. The sssay mixture contained (final volume,2 mlj 100 5l enzyme, 0.5 mg
'lgG' and 0.1 M Tris-HCl'(i)H 75) buffer. . Enzyme activity wasdétermined using
the‘ standard prolels‘e gssay method. . 1 - ) :

vt
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Figure 8-_2:: Effect of anti-T16 protease IgG on lzydralynJ of a-cadein
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%  Table3-26: Effectof anti-TI6 protesse IgG on hydrolysis of s-casein |
i . . by TI8 protesse L. .
- .
- N . ~ - )
aniTI6 IgG  © Km ' Ymax
” (mg) (mM) (M pér min)
a2 (-
. i A > e L
L .0 0.03 222
i S = >
0.5 . 0.03, . 142 .
- Apparent Km and Vmax values were determined from Linewe&ver-ﬂurke -
g, double reciprocal plots (Lineweaver and Birke, 1934). 3 ¥ e
, 5
=
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. Table 3-26: Inhibitjon of proteases by anti-T16 protease IgG

! - . 7 s ..
Protease* IgG(mg/assay) % Inkibition
4 k) 12 . 38+7 )
. 24 . 83+ 10 R
. Ti3 1.2 . @1
5 . ' 2.4 L T8xT
- e 2 7 ssEl :
, e ~ 24 . To. 8048 s
T20 + : P S B4EE T
o : 24 T 889 . gn o
T22 * c e it 12 EURRT - U SR
’ R~ S 00H0 0 -
T26 e % 19 = 65416
245 o s 8% .
i 2 | e
The crude enzyme'éitrncu we‘r_:e diluted to give uninhibited reaction rates of
0.5 eniyme upits per ml (N=3). .' > 5t
. . . ’ -
£y o
.. ’ -
- - 7
L \ ) £
w, ‘
. i e
s
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. a R
Enzyme linked imu orbent assay (ELISA) \

The pmuue‘lsq .nsin;' horseradish petoxidase linked.hﬁ-Tla ‘protease
Ig@ was el'le:uve at dew:lmg the T16 enzyme. The lower detecuon limit of lhr
ELISA melhod was.| |pprox|mntely 300 ;g and npyured w be linear up to 1"0 5
V(Flg 3-23) There was smne ‘variation with the actual. valies nblamcd upcn
repntmg !he mny as mdu:ned by the standard d@ﬁ'nlnm, puucul:nly m. the )' k

rhlgher conceytnuons(a'l{-ﬁo p_g) 5




Figure 3-23: Enzyme linked immunosorbent assay ‘(ELISA)

The protease assay using hor,pndnsh peroxidase linked anu-Tlﬁ protease
lgG was effective at detecting the T16 enzyme. The wells of a polystyrene péte

were coated with 0.3 ml anti-T16 protease IgG followed by various eoncentrations

of purified T16 (120-840 4g) in 0.3 ml. After washing; the bound T16 protease was,

detccled by the‘ud‘dition of horseradish peroxidase conjugated anti-T16 protéase

. lgG as descr)bed in Mnennls and Methuds The relative amount of- protease

present.ln each well' was determined by the horseradish peroxidase activity

. represented by chnnge of absorbance at, 449 nm. "The values are an averdge of 4

) determmatmns, the bars mdlcate standard error fram the mean.




Figure 3-23:
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Enzyme linked immunosorbent assay (ELISA)

240360 480 600 720" #a
PROTEASE (x9/0s3ay)



‘(Law, 1979; Cousin; 1982).. Many psych bs, particularly Pseudon
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- Chapter 4
Discussion
4.1. Purification *u

.- ‘.
Psychrotrophic microorganism$ are common contaminants of ‘raw_milk

species, are capable of producing feat-stable llul ases which catise. '

spoilage, of milk and dairy prnduclsl especially UHT-sterilized Vproducts.r .
| . ”

Most studies of these heat-stable . proteises have used cell-free culture
supernatants, while a few have used partially pn‘riﬁe‘d or purified e‘nzyn‘xls‘ There

- 3
have ken only four other studies describing the purification of um llul

hcat—stable protease of pseudomonads of milk origin (Richardson, 1981, Stepmuk

et al., 1982; Fnrbnrn :nd Law, 1986b; and Ml{\hell et al., 1986) The methods

used_by '.wo of these groups asisted of ium sulphate precipitation, ion
exchange chmmlloguphy with DEAE cellulose” and' gel [iltntion [Slepanil.k et

al., 1982; and Mitchell et al., 1986). The yields of punﬁed enzyme were from 4

" to 55% Fairbairn- and Law (1988b) mcluded an additional step nsmg_:

chrcynatofocusmg for the purification ol the prbteue of P Jluuruun' NCDO

2085 (AR11) with a fidal yield of 3.5% and a 158-fold increase in specific activity.
o $
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Richardson (1881) pirified the protease of 'P. fluorescens B52 by

ammonium sulphate precipitation and gel filtration on Sephadex G-75 and affinity

h hy using CBZ-D-phenylalanine TETA Sepharose-4B. The protease

was purified 760-fold with a total yield of 40%.

In this study the p of six sy phi —

x : X
purified to homogeneity by affinity chromatography using CBZ—Dlrlghénylalaqihe
TETA Sepharose-4B. 'In comparison to the other methods which have been u.se;i,
* wilhis purification procedure resulted in & high degree of purity, with fewer steps. .

.Because a major problem, when purifying p t is loss due to

@ B ) o5 R
minimization ‘of the number of purification steps should reduce the loss ‘of active:

'} An initial attempt to purify the enzyme by affihity chromatography, using

enzyme.

,hcmoglabin as-'the- ligand to ti:e Sepharose-4B support, was not successful. A
brown pigment was associated with the fractions containing the active protease.
This indicated that the bound enzyme may have @egradcd the hemoglobin ligand.
This conclusion was supported. by the observation that the nfﬁhit‘y column

- material lost its lbiliiy to bind the protease after :;single use.
. K .
Purity of the T16 protease preparation obtained by CBZ-DL-phenylalanine

TETA harose-4B  affinity

p was by disc :gé]
-e!ectrophoresis and by the single symm;tricsl peak obtained with analytical
ultracentrifugation. Invaddit.iqn, the. s;;«z’ciﬁc activity of the fractions. cont;ining
the active‘ proteué Wns:gs_éeminlly the same. ‘The yield was 51% of the, initial

-activity in the, crude.éxtrnct, with a 150-fold increase in puril.y..
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Comparison of the properties of the proteases from this study with those
reported for other proteases from psychrotrophs has shown some similarities and
differences. ' The molecular weights of most psyc_hmtroph proteases range from
*40,000 to 49,000 (Barach et al., 1076a; Stepaniak, Fox and Daley, 1082; Farbairn
and Law, 19863. and Mltchcll et al., 1986) Mayerhofer et al., (1973) isolated an
extrncel]ular protense of P ﬂuoruc;na P26 wnh a molecular weight of 23,000.
The molecular wckghls of the proteases in_ this study as determmed by gel

ﬁltmtmn SDS- PAGE and amino acid content shuwed vnl\les of-38,000 to 42, 000

This is in agreement with the prevnous studles All proteases conslsted of a single’ |
subunit.  There have been no reports o[ psychrutroph proteases with muluple¥

dubunits.

The i;oelec!ric poipt (pI) of a protein is the pH at v{hich the overall charge
of the exposed amino acid residues is zero, and eI g _‘acid
content and conformation. Proteins which are structurally closely related would
be expected to have similar isoelectric points. The pl values of the six proteases in
this study ranged I'n?m 5.5 to 6.2, indicati,\g ﬂ_mt there was very little variatign of
overall chfxrge between ihcsg ‘proteins. Fairbairn and Law (1986b) obt‘aigl a

-
imilar value, 5.4, for the AR11 protease; while in a study of six pseudomonad

proteases by Mitchell et al. (1986) values from 5.1 to 8.25 were obtained.

Amino ncld analysis of the six punl‘led protensus showed that all had high

Ievels of aspartlc acid, glycine, serine and nlnmn’wnth low’ methwnme, histidy

B
and nrgmlne.'\-The T13 protease stood out with its relatively low content of
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glutamic acid. These results are in agreement with those ;ﬁ other studies on heat-
stable proteases of pseudomonads. The B52 protease had high aspartic acid,
serine, glycine and alanine levels (Richardson, 1981), while the proteases cxamined
by Mitchell et ‘al. (1986) were high in the low molecular weight resldues, glycine
:md alamne All appear to lack .cysteine with the exception of tﬁ protease’
produced by P. fluoreacens NCDO 2085 (AR1i) which contained a loy level 7

cysteine.

Tl‘xevi)iﬂerelvxce lqdexv(Mgtzger et -al., 1968) assesses tl}e"’l:omo[ogy&
p}éteins based on the differences 'in their content o;‘ each amino acid‘with a
“confldence coeﬂ'lclent of 0.95. DI values less thnn 100 indicated rclntedness nnd
val, greater than 26.8 indicated unrelatedness ‘Thase protein pairs wn.h DI
values m the mnge of 100 - 26.8 cannot be reliably identified s rclnted or
unrelated (Woodward, 1978). Accérdmg"m‘*Wlon, 10 of Lhe 15 pmrs of
proleinq'whicl; were'\comparedb had DI values of ]ess thah 10 and could be
considered to be closely related i.e. homologous (T6:T18, T6:T22, T6:T20,
“T16:T22, TI6:T20, T16:T26, T22:T26, T22:T20, T22T13 and“RET13). Five
pairs had intermediate values and could I';Ol be rcliably-cqlied homologous or

nonhomologous. :Vene of th; protein pairs could be considered -nonhomologous. -
Thefe. results indicate that most, if not all, of the six proteases examined uxhibilacd

seqence homology and are derived: from common ancestors.
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4.2. Effect of temperature on protease Acti\:ity

The inﬂuel;ce of temperature on the relative activity of the six psychrotroph
proteases was shown in Figure 3-5. The optimum temperature for the hydrolysis
of soluble casein at pH 7.5 for each of the proteases was 35°C, with 2 rapid
decline in activity as the incubaticn temperature was increased to 45°C: At 25°C
between. 80 and 100% of thc maximum protcase activity was retained. The

slgmncnnce of these rmdmgs to the dairy’ processor, is obvmus, because UHT-

stenhzed milk is usua]ly stored wnhout refrigeration for extended periods of time. |

Eveh heat-treated or raw mxlk held at relrigeration temperatures is potenkmlly

’ -
susceptible to thi¥%e proteolytic enzymes because at a temperature of 5°C, 25 to

' 30% of the maximum protease activity.still remained.

13

Alichandrais and Andrews (1977) obtained similar results with the protease
O.f the psychrotroph, P. fluorescena AR 11. Its optimum activity was at 35°C
with a retention of 72 and 33% activity at 20 and 4°C, respechve.ly - The
characterization of the prcteases of six pseudomonads isolated from raw milk with

re gave comps results with all being most

-respecet to the.effect of temp
active at 40°C while retaining considerable activity at 4 to 7°C (Gebre-Egziabher
et al., ‘1980:). The haat‘ stable_ protease of P. fl;tarelcena AFT .36, also
maintained significnnt activity at 4°C (17%), however the optimum was h’igher, at

45°C (Stepaniak et al., 1982).

The activation energies (Ea) for the hydrolysis of casein by the proteases

ranged from 7,700 - 13,900 J/mol. These, values are relatively low when compared
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to mesophélic enzymes such as tryp\sin which has an Ea value of 50,220 J/mol.
According to Somero and Low (1978) (nclivs‘lion’ energies are generally
>propnrtional to adapﬁ.aginn temperature. This would suggest that these enzymes
are adapted to function at lx;w temperatures, resulting in relatively higher
turnover numbers at low temperatures than for mesophilig or thermophilic

enzymes.

4.3. Effect of pH on protease dctivity

The pH profiles for the proteases produced by each of the ‘isolates are -

presented in Figure 3:4. The optimum pH for all of the -proteases for : the

breakdown of casein was in the range of pH 7 to 8. At pH 8.5, the normal pHof - ‘

milk, 26 less than 80% of the optimal protease activity was retained by each of

the enzymes. Between 40 and 50% of their optimal activity was evident at pH 5,

which corresponds to the pH of cultured dairy products. As a result, these
proteases may play a role in the spoilage of such products. It was not possible to
determine protease .aczivity below pH 5, using casein, because the substrate

tended to aggregate and come out of the solution.

Psychrotrophic pseu®omonads, which produce extracellular proteases with

similar pH optima, have been reported by other researchers. The protease of P. -

fluorucsm Bs2 wu active over a wide pH range 1?» 10.5) with optimal
activity at pH 7. Msxxm:l proteaseactivity of proteolyuc enzymes produced by a
culture of P- fluorescens isolated I'rom a h'ozv.'n chicken pie was w1th|n the

range o[ pH 7 to 8. However, the activity at pH 8.5, was relatively Iow, it

t

\'
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approximately 50% of the maximum (Peterson and Gunderson. 1960] ' The
proten.ses o[ six pseudomonads, isolated !rnm milk, Bnd t‘helr optimal proteolytic
activitics between pH 6.5 and 6. 8, with 65 to 75 percent of their opt@l activities

&z

at pH 5.0 (Gebre-Egmbher et al., 1980a),

4.4. Effect of inhibitors on protease activity
Ac;ordmg to Hartley (1960) proteases can be t-lnsszfled into four gmups

based -on thbir sensitivity. to various protease inbibitors: serine, thiol, metal (or

1al-chelat itive) ,nd md it ibition of the T16 protease was

gruntest in the presenice of- the metal chelating ngents. o—phennnthrohne,
hydroxyqumolme,v 2,2’-h1pyndyl and EDTA (Table 3-6).~These results; mdwated
" that this protease is a metallgprotease. The: T16 protease~Was also sensitive. to

piéhloromercuribenzoate (PCMB) which s ¢haracteristic of 'proteases " with

cysteine present in-the active site. .With respect to sensitivity to PCMB, this

protease differs frofm all of the other |§s_ychr’otroph pro‘teases whigh‘ l:ave been
cvharacterized, with the exception of the protease of P. fluorescens Ailll
(Fairbairn and Law, 19'8817). However, unlike AR1l, the T16 proti;:;se c;;tnins no
detectable cysteine. This suggests that PCMB inhibited the{)méase activity by
some other ﬁl;ans besides bindjng to the: su]ly&ryl grdtp of o cysteine residue.
.The T16 protease was found to be sensitive to heavy metal ions such as Hg2+

Cu?* and 202+ thus the mercury component of PCMB may’ be responsible | lor

g

the inhibition. This is further supported by the fact that the other thiol protease .

mlublwr, ‘N-ethylmaleiamide, dld not inhibit lhe T16 protease.
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All of the pmtg‘ases‘ were inhibited completely by 100 mM EDTA and
reactivated by Ca®*’ Mg** and Mn?*. The degree. of renc[i)vation varied
depending upon the metal ion and the isolate. Complete restoration of the T30
apoenzymefactivity wis achieved by Mg2*. The addition of Zn?* had no effect”
on the EDTA-treated proteases. These results confirmed that these are
metalloproteases with divalent cations (Ca%*, Ma®* or Mg®*) being essential for

proteolytic activity and a necessary part of the.holoenzyme.

N

" Most of the extracellul of psyeh hi d ds have

been éln.ssiﬁed ‘as metalloproteases, however they‘ tend to-differ with respect to
their. metal, ion requirements (Falrbmrn snd Law, mEﬁn) The, prgtense o
Puudomumu B52 was reported to be ncuvnzed by Co, Zn, Fe, Cu'and Ca ions
(Richardson, 1081), while P. fluorcacens AFT 36 produced a protease which
could bé activated following EDTA-treatment. by Za2*, Ca*, Mg?* -and Co®*
(Stepaniak et al., i9§2). The protg‘a‘ses in-this study weretd‘iﬂ’ereut from r’iost.
other melalloprozeases in that Zn%¥ was.not an effecﬁve _activator ‘of tﬁg-

apoenzymes,

- Ca®* was the predominant ‘element prcsent in each of the three purified
proteases which were examlned for their metnl conleut (Table 3-5). "The T18 nnd.
T20 proteases dxl’l‘ercd from T13 with their lel:mvely high Ca®* and. Mg“ v
contents. The dl!ference ‘was also reflected in the capacity of Mg“’ to rencn‘nte
these apneizzym‘e& Little; if ‘any’resturatiou of protease activity was noted for

T13 which had 0.3 g atoms of Mg?* per mole, while T16 and T20 gin;en'zymes

N u“\ ‘ E N
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with 2.8 and 4.0 g atoms per mole respectively, were almost completely
reactivated by added Mg?*. The very low level of Mn®* (less than 0.3 g atom
per mole) in the proteases, which exhibited relatively high reaétivations of their
apoenzymes by Mn2* (T13 and T16), suggests that Mn2* can be substituted for

cither Ca®* or Mg?* in the protein molecule.
) ~

The B52 prnteaée (Richardgpn, 1981) and Yhe MC 60 protease‘ (Barach et

al., 1076a) glso had high Cag‘E ion content (8.1 and 4.2 g atoms per vilole_
respéctively) with lower values for ZnZ*, while neither Mg?* nor'Mn®* were

determined. In each case Zn?* was believed to' be essential for catalysis by

. maintaining the, integrity of the active site, while Ca** appeared to stabilize the
g S . )
conformatibn of- the mo‘[é&le. ‘The proteases of this study differed {n that theré: »

' was no apparent requirement for,Zn“. If it is assumed that all metal ions bave

been, removed from the protease by EDTA, then it is evident that the Ca¥,
. 2 !
Mg®* and Mn?* can play a dual role by maintaining the catalytic site activity

and stabilizing the protein molecile.
: -~
[ .
~  The comparison of the specificity of the proteases to a variety of. protein

. ;.
substrates revealed that there was a marked preference for case'{ns (Table 3-18),

although the activities were variable. For all proteases, except T16,.a-casein was

. "
the better sub. However, signifi eal of the other caseins was also

o ¥ C -
evident. The x-casein was the most susceptible of the caseins to proteolysis by the

& T16 protease. There was no aa,ivity towards the whey proteins, o- lactalbumin

-



151 2 .

and flactoglobulin, by any of the proteases. Richardson and TeWhaiti (1978)
studied the proléases of eigh! psychrotrophic bacteria and found that x-cx\se‘in was
the most. readily degrnde&vcasem followed by ~-casein, mm.("nnd finally

a-casein. Adams et al (1976) showed that, when their populnuons reached 10‘

cfu/ml, nine Pseudomonas species isolated from raw milk~degraded -casein /
) -

first, whlle B and o- casein deg‘radanon was only detected at higheg cell numhcrs

(100 - 107 cfu/ml).
/N,

The inhbility of the proteases to break down the whey proteins is consistent

* with the findings for other psychrotroph proteases, which show that whey proteins

are degraded slov’vly ‘or not at all (De Beukelar et al., 1977; Law et al., 1977; and
? A 4 -/

""Riclrdson and TeWhaiti, 1978). This may Be a result of the highly globular

nafgre of whey “proteins with their tighb.secondary and tertiary structires in

comparison to the more random nonshelical open structures of the caseins. i
" 4 '

The proteases of this study were also capable of hydrolyzing non-milk
proteins, such as bovine serum albumin, hemoglobin and ovalbumin (Table 3-18).

Five of the proteases were examined fiirther to determine their ability to
bre;\kdqu elastin and ;ollagen.' Al exh:ihited lcollag-cnase activity and to a lesser
extent, elastase activity (Table 3-19). Purifiad enzym\ei were ;lscd ‘m eliminate
the.possibil;ty that the breakdown of these substrates was th® result of liil!

activity of any minor pm‘tenes which may have been produced by thé bacteria.

There have been reports of llular pr $ o! P: aer i st/rnlns
which have el ytic and coll e adtivities, in addition to caseinase étmty
N

)
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Such results indicate that, thésg énzymes have a wide substrate specificity,

with exceptionally good nc:ivnv\ifu'ds caseins. The presence of such enzymes

in milk would be expected.to caysd proteolysis of the milk{ proteins resulting in

deterioration and a shortened shelf-life of the product. Psychrotrophic proteases

hnve‘ been implicated in the development of bitter flavours, 'éelation, and
* . : i .

decreased heat-stability of UHT sterilized miilk (Cousin and Marth, "1977a;

Richardson and Newstead, 1078; and Visser, 1981). In addition-to the adverse

el'fecls on mili .by‘direct proteolysis of the’ milk pmtei;xs by psychrotrpph v

praleases, these enzym& may play a fole in the actlv:mon of plasrnmogen it milk

to plnsmm Leylus et al., (lGBl) d the

coli. Whethet psychrotrcph pmteasos are capable of acuvstmg the, zymogen of

- plasmin present'in milk has yet to be'determmcq. However thg wide specificity of
Y T 2

¢

_v hydrophobic or buli(y amino -acid Tresidues, while the alkaline proteases have a .

such proteases suggests that the-ppésib'ility does exist. B

B N '
The classification of .microbial into serine, thol metallo- nnd aclrl

proteases can. be further relmed accordmg to theu— si

chaln speclllclty

(Morihara, 1074). The metalloprotenses may "be classified into at least four

groups: neutral and alkaline p and bacter AL-1 | P Iand II.-
The ektracellular proteases of - psychrotrophic ps onadé thay bé. either
neutral or alkaline ases: The neutral proteases show specifici for

very broad gpecificity. -~
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The T16 protease is able to hydrolyze dipeptides which is unique for
metalloprotease (Morihara, 1914, Mitchell et al:, 1986). The mablhty of the TI8
protease to hydrolyze z-tyrqsyl-l-ser. indicates that the amino acid residue at the

carboxyl side of the splitting point can determine the primary proteolytic

* specificity, while the diﬂerence'in pecificity to z-tyrosyll-ala and yptophylk

ala ﬂlustrates that the amino acid at the nmmp side of the sphlhng pamt also

determlnes specnﬁmy (Table 3-20)... This difters fmm tre specifiities of enzymu )

such as trypsm and chymotrypsm wlnch are determmed solely hy the amino md :

at the carboxyl side of the pephde bond which i is clenved

Siniil‘ar’ resu]ts‘were .6btained‘ using'synthetié po’l'ypeptides b& substjtuiing

the amino acld resld\les at elther ‘the N'or € termmul (:ln - |Ie/leu. ala —'glyj 5

nes may be'a result of both prlmary specll‘lcrty, as well.

.The dll'(erence in specifi

- as secoudaxy lnteracuons, whereby amino’ scnd resldues more distant than Lhose

adjacent to the sphumg poml determmc speomuly 4 ’ .

i

R Ncutral llop hive a requi '!‘o,r or hulky‘

‘amino ncld resld\;es at the amino side of the sphttmg bond Thls Wollld e

; why the Tlﬂ protease was umble lo hyHronze N,yrosyl l-se becaﬁsc serme does: "~

nqt conmn a hydruphoblc slde cham whlle alam threomne and Ieucme do

(Blgvlaw, 1067) aned on Ihese results the’ Tlﬁ pmtease can be c]nmf:d

neutral metallopratease = 2 - e
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protease was active againsf another trypsin substnl.e, BAF:‘\, hiowever the Km 2
.[0.59 mM) was higher “than that reported for l.‘rﬁim An may method nsing‘
I BAPA would have limited value for detection of proteases in milk because of its

low sensitivity. Such an assay may prove to be of some benefit, however, for -

enzyme kinetic studies because the reaction product, puitroaniide can be

monitored as it is released during the reaction.

3 The pH-stat assay method also produces a reidily detectable product of

g £ gl pralcolyiis‘ (H"’) with: the added nﬁ)-t'nge of being relativély sensitive when . -

; s : compured to t.he modlned Hnll 's assay method (Fig 3'8) The: hm"“"“’"s of the-

pH-: stat melhad include us |nnblhly to accuntely measure pmteolyus at a pH of

Joss. thnn 8, as -well as only Being capable of assaying one sample ata _ume. In

spite of these shortcomings the pH-stat method is presently the best - available S T
ea of ,,‘ ych hs from
A . s

continuous assay method for the Jlul:

milk.

4.8. Effect of casein concentration on prouase activity

Phe ophmum eoneenmhon of soluble casem for the TI6 protease lctml.y
was appmmmntely 25° mg/ml vnth slight inhibition at concentrauons in excess of .
-5.0 mg/ml (Fig }0). The AFT 36 protease activity was linear in the rangeof 4 --._
50 mg/ml, with a lliglﬂ;inbibition at ‘75 and 100 mg/ml ‘Slwnni‘nk 'et al., 1082).’
Alichandrais and Andre’wg (1977) reported :hnt.th_a,ARl .proteme was inhibited

by sodium caseinate at concentrations greater ‘than'5 mg/ml. - They- concluded
s . ! .

thnt_sheh‘proten.m would be severely  inhibited by the cdncentration of casein in
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normal bovine milk ()5 mg/ml). Although the T18 protease was inhibited to
some extent at higher substrate coneentrations, 77% of the maximumac(ivity was
retained at 25 mg/ml of soluble cascin, and therefore would bd expected to be ~
qune active in milk. The mhlbmon which was notcd at'high cucl?cuncentrntlnxxs

may be a “result of a decrease in avmlnble substrate because o{ an increase in the

aggregate size of casein. or dueto the nccumulution of end-products.

.~ 4.7. Heat ‘subility Y

PossMly the imost outstanding, feature of the T18 protease is its romarkable
heat stability. ‘Its ability to survivea tempemture of 150°C “for. up- to one “mioute
illustrates why such proteases are of concern to ‘the dairy industry. The D
“value (time to reduce activily by 90% at 150°C) o{ 2 minutes is comp’lrnble o’
other psyc!]rotroph pmteasgs.' The protease of Pseudom orias sp. MC80 had a

Dy value of 1.5 min (Adams et al., 135), while Mitchel ‘ot al. '(1980)

, calculated that the D 1o_ , value of .Pseudomonas OM4l was 5 minutes. The heat %

stability of these proteases are slgmhcnntly grealer than that of the native milk

Pproteinase (plasmin) which has a reported D value of 710 s at 142°C i

(Alichandrais et al., 1986).
i . .

The D values'of 26.7 min at 00°C-and 7.2 min at 120°C demonstrates that

the T16 enzyme will survive typical pasteurization conditions (83"0/30 min or

71°C/15 s) as well as UHT processing 1130-150"6 /2-8 s)
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4.8. Role of metal ions ' \\J

Mayerhofer et al (1973) and Barach et al. (1976a) have reported that the
heat stability of psychrotroph proteases is enhanced in milk. According to Barach
and Adams (1077) the protective effect of milk could be eliminated by the

addition of metal chelating agents or treatment with a cation exchange resin.

Based on these results they concluded that divalent metal jons rather than o~

suﬂstnte binding by m)lk proteins, as suggested by Mayerhofer et al. (1973), was
rnsponslble for the stabnlumg e!h‘l of ml[k Barach et al. (19783) found that the

MC80 protease required both Zn?* | and Cn“' for optimal actwwy buc only Ca?t

restored the protectlve el‘rect of mllk agamst hlgh temperatwes Calclum wda e

‘also effective in pmtechng the enzyme in buffer solutions licking rmlk ‘pmtems.

The T16 protease was stabilized against inaétiyation by heat with the

‘addition of exogenous Ca™* or Mg>* (Tsble 3:8). The, rolé of the metal ions in

heat stability may be to provide noncovalently bound lgwnds which stabiie the
structure of the enzyme by linking' ligands fra‘hl different parls of the primary
structure of “the, protein molecule. Preliminary* clrculnr dlchrolsm studies have
indicated that the conl’orma}hn‘ of the protease molecule becomes morc random, ’

or unordered, in the presence of the metal chehting'ag.ent' EDTA. ..A simila®’

effect was' reported for the thermophilic protease tixermnlysin (Feder et al,, 1971).
Thermo]ysm losl its thermostabnhty upon removal of éalcium, however unlike’ the

Tlﬁ ‘protease, it still retained its catalytic propertm

" LA - v -
* Although en}cium is known to increase thé' thermal stability of several:
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proteolytic, as well as other types of enzymes, most of these enzymes are readily

at hing 100°C (Ohta et al., 1966). Therefore,

the heat stability of .psychrotroph protesses can not be attributed to metal

binding alone.
4.9. Role of carbohydrate

Sugxl;s are known to stabilize proteins against heat denaturation. Back et

al. (1979) concluded that the stabilizing effécts were a result of the hydroyhoblc

|nteractmns between the hxdrcvphoblc groups of. the protein. No such prolccllon

to heat, denacurnupq_ was afforded to the T18 protense by lactose as' was noted

the, added.meta.l ions (lele 310). “The reliiifely low Ave‘rngu

i hydropl:oblm.y o[ this pmtense (3322 J/mole) 'suggests - that hydmphoblc

'.Inlhracuons may not play a slgnlfcant “role in mumllmm‘ the pro'.em

conformation in this case.

‘The T16 protease can be classified as a glycoprotem h‘ued 4: the presence
of the amincy i ine, and galac ine, in. the ;nzyme molecule. - All
six of the Paeud: iz : i amjned by

Mitchell et al., (1988) contained carbohydrate, however the types of sugars were

n’o_t. determined.” The prol‘else of P.. fluorescens NCDO 2085 (AR11) lacked

" both 'gll‘nclosnmine and glucosamine (Fairbairn and Law, 1986b) which indicates -

that’ not all such p can be idered to be gly

-* The carbohyduu(\moie'}y of the protease may ’contribule fo ils heat

subili&j. Hayashida and Yoshioka (1080) were able to demonstrate that the
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removal of the covalently linked carbohydrate residues of two types of cellulases
of a thermophilic fungus, Humicola insolens, resulted in a significant decrease
in both thermal and pH stability. Whether the carbohydrate component of the

) psythmiroph proteases also acts as a stabilizer remains to be determined.

. 4.10. Protease renaturation
Other factors which may contribute to the heat stability of the T16 protease

are those whick ibute to the ch st of the protein molecule.

. Lii(veAll'!e thermosnble ;;r;mue of B. thermopmtwlytiﬂu, thermolysin, the‘

‘ 'm pmmue is shblhzed by Ca2* lnnks cysteine (i.e. has no dlsulphlde hnhgu); 3

. aml has'a hlgh content of low. molccuhr wen;ht amino acids such as glycme

_Thue same properues are nhu-ed by other psychmh‘oph prolease! (Barach and

Aduns, 1077; - Richard 1081)- ‘The stabilizition by c-’+ rather than by
disulphide.bonds may allow lhe enzyme to become flexible upon denuuntmn y
hest and then refold with the formation of Ca®* salt bridges to- its natlve 4

‘when the o ire is lowered. The small side ciuins of the low

molecular welght amino mds .would cause a nunughrl: of steric hindrance ‘upon

reloldimg of the gn:yme thus

Enzyme
to heat would therefore be based on ifs structural flexibility .and capacity to
accurately re‘ain its native conformation, rather than having a rigid structure.

Such renatiration may explsin the .ructivqtion phenoménon which' was
ndted for.three of the proteases (Table 3-11) when storéd on icefor 24 b after

heating (90°C/10 min). A number of proteins are known to renature upon
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storage following heat treatment (Reichert and Fung, 1976; Carel and Baldwin,
1973). Reuctivation of the phosphatase enzyme in milk: following pasteurization,

has been reported (Richardson et al., 1964). Edmondson et al. (1068) found

that phosph reactivation in

whole milk d to as much as
50% of the raw milk activity after 2 to 4 days of storage at room temperature.

The phosphatase enzyme required both Ca®* and Mg** for optimum reactivation

while the addition of EDTA inhibited reactivati This led Rickiardson et .al.
(1984) to propose that the heating process resulted in Ca®t nnd Mg‘“' being
forced into colloidal form resulting in the separation from the enzyzev This

dxssocmtmn may have caused a temporary increase in the heat stability .of the

apaenzyme: Upon ‘storage at . lower temperatures summnt cqlclum snd

. ‘magnesTum feturned to the ionic sgaté and recombihcd with the npoep\iymé to.

form an active enzyme. 1 kS

The reactivation of the T16 protease does not appear to be a result of an

. increased av.;ila‘bility of metal ions due to a shift from volloidal to ionic: forms

upon cooling. The addition of exogenous Mg** and Ca™ soon after heating was

unable to ti the enzyme following aone hour preincubation period at §°C.

It would appear that the storage time required to allow the enzymes to renature i

a critical factor for reactivation. The' effect of storage temperature on the time

“ fequired and degree of renaturation was not determined.

" Shoild the, jon ph be s feature of other
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after pasteurizé\tiun would significantly underestimate the spoilage potential of the

heat stable proteases present. ) .

4.11. Effect of temperature on se;ondm structure of T18
prnteéu . )
1t is generally accepted that the cireular dichroism (CD) spectium of a
protein is a direct reflection of its secondary structure (Hennessey and Johnson,

1981). The CD spectrum.of the purified T16_protease at both 5 and 2;5°C (PH

7.2) were identical and could be ‘considered to rep the.native

of.the enzyme. The protein was plimari}y *random® coil with approximately a
third of @'mole’cule éansisting ‘ol B-structure while little or no a-helix was
‘dctéctegi.“‘ Tbe;e liave been.nio other reports of the secondary structure analysis of
psychrotmph‘ proteases, howevex: the’ con{um&atinn‘ :ol‘ the Athex‘-mophilic'enzyme‘
therrﬁclysin has been élncidnted and showed some similatities to TI6 protease.
Thellmolysin' is « globular p‘rotein consisting of fstructures and non-periodic
regions with ‘a single small region of a-helis (Matthews et al., 1974). The authors
noted however that aside from e four Ca2* bound to the protein, there was

nothing unique about ths(nol‘}"sin's conformation which would account for its

“ heat stability. : L 2 . \//

»
S 'Dcﬁgturntion of the T16 protease was. apparent at temper;\tv{res in excess of
35°C as-indicated by the unfolding of the protein r‘nolecul‘ej(Fig‘ 3~1‘1) bith
maxir;;_um unfolding at 50—5’5"0. This corresponded to the te’mperaturg at which

the T8 protease activity was inactivated to a greater extent than at either 90 or
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120°C (Fig. 3-10) gnd is known as low temperature inactivation [l;l)\wost et
al. (1978) proposed that LTI of heat.stable psychrotroph proteases is the result of
a conformational transition of the protease which opens up the Eﬁzyme structure .
at 55°C. This is supported by the CD spectra of protesse T16 at temperatures
between 45 and 55°C, which indicates that the protesse structure tends to become
more rapdom. The conformational change is beljeved to cause a reveysi:lale loss of
catalytic activity and susceptibility to pmte:fy;is by other protease molecules yet
to be denatured (sutolysis). The protease may ako i aggreges wih the
casein _micelles of milk, presumab]y by the ‘exposure . of mtemal nonpolar slde
chnms on the pmteue to the hlghly hydrophobic cueln proteins. Such -

hydmphoblc lntemcuons would not be favoured at temperatures greater than’

- 60°C (Bzmch et.al., 1973). The‘mhlbmon of protease TI6 activity'at 50°C. can

no‘ll be a‘resull of adsorption of prn!eas‘e to calsein,:nlicelle_s, since no milk proteins
were present during the l;eat l‘re‘atn’ieht, The inactivation wls“-prubxibly a result of
auty’)‘d'xgesli«.)m At ten;pemtures higher than 55°C the TI6 protease appears to
undergo an additional‘ conformational chauge, to a more (;rdered styucu‘x"re“ This is
cnnlra.ry to the view of Stepaniak and Fox (1083) whe suggested that at higher

lcmperatures the protease molecule unfolds to a gream extent lhan “ab 55"(}

. whlch_ renders the enzyme proteolytically inactive. The protease. at higher

temperatures would therefore not be suscéptible to autolysis.

(3

It is unlikely that the T16is refolding to its original conformation with

d p The i sed folding may result Tom a general
8 ) 4
rearranging of ionic groups to form a more ordered protein molecule hy ionic

binding, however, it may be catalytically inactive,
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Further studies using other techniques (optical rotary dispersion, X-ray

crystallography) for the determination of protein secondary striicture are needed

to confirm these results obtained by circulap

4.12. .Anﬁgen\c relatedness
All six of the pr‘otease‘s produced precipitin bands in the Ou‘chteriony
double-diffusion tests against anti-T16 protease IgG: In ‘each case the, ares
coiverged without spur formation indicating that these enzymes are antigenically
similar and may be structurally homologous. However, the antigenig portions ‘of
cach. protease may only represent a small l'rncuon' of the entire m;[ecdle
' Thérefore, cauhon mnst be exercised when esumatmg structural similarity based
:nn nntigcnic relatedness.

The anti-T18 pmleas;! IgG v‘vas an :ﬂectiy; inhibitor of each of the
vproteasex, although the nmsunz of antibody required to inhibit prolease activity
was greater than expected for such 3‘ spegiﬁe'reageﬁl. This may mean that the
immunoinhibition was ot necessarily a result of specific binding of antibody to
th,e‘a.ctive site but prabnbly‘ ?}valves internctions with other sit.es on the molecule.
The mnon- competmve nature o{ the - inhibition of the T16 proteas& by the IgG
{mctxon mdlcales !thnz the antibody wis mot competing with. lhe bindjng ol”
sllbstratu to” the catalytic site. The Iurs_s of activity’ may be a reS\:llt .of.
immunoprecipitation of the protease- by the antibody, which would' éllegti\;ely :

remove the enzymvev from its substrate by h‘kin’g it out of solution.

The, p of “psyéhrotrophi ds from Ontario, ‘British.

o
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~  Columbia, Ireland, US.A., Australia, and Netherlands, also cross-reacted with the
’

antiserum to the T16 protease. Six of the crude extracis produced multiple bands

(015, 240, S63, M5, BC 1-1, BC 2-2) which may suggest that more than one

protease is produced. Although the majority of Pseudomofias sﬁ(lﬂ produce.

only one extracellular protease, there have- Imn reports of thuse which produce a

_ number of proteases (Peterson and Gunderson. 1060; Wreumd and Wadstrom,

1977; Jensen et al., 1080; and Alichandrais and Andrews, 1977). P. fluorescena

AFT 38 and Pseudomonas AFT 21 are both able to produce three distinct:

protenses,- allhongl\‘*e‘pwponion of each depended on the growth conditions

this study. It may. be that

were no!.

{or the p

(Stepaniak et al., 1082; and Stepamnk and Fox. 1985). lntemungly, on)yd mgle

preclpmn arc was noted (Fig 3-20) for each of lhe AFT 21 nnd AFT 3 exuu:h in

n of

“more than one. protease, .or tlnt the other proleuu did not rntl wﬂ.ll the

: Another

is that the
sufficient to Ymilitlnu their observation.

N
E ‘The brold xpecn ity of the n.nhbodm to the TI6 prolem for olher 5

of Lhe p

in arcs_ was not

N\

- psychrotroph proleuu indicated. that they may be useful in the devclnpment of a

sensllwe immunoassay for the detection nf such enzymes in mnlk The emyme- 5

dJish

Tk,

linked immunosorbent assay (ELISA)

usmg

conjug&ted to the -nu—Tw prolem lgG was of llmned value. Al;hu\lgh it w:u

.posslble to detect the presence of the TI16 proleue, Lhe sensnlvny nf the

lmmunoassny ‘was much less tlhn that for modllled Hull's assay mev.hod 720

/

ug/ml (240 pg/assay) and 500 ug/ml (50,

) .

ly. A low
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eRiciency between the peroxidase enzyme and the IgG may account for the >
relatively low sensitivity. Birkeland et al. (1985) were sble to detect protease
coneentrations as low as 025 ng/ml ir* raw milk using an ELISA method with an

alkaline phosphatase conjugate. _ Howe’ver, they' néted that some psychrotrophic

strains produce i logically unrelated prof which could not be detected,
g the limitation of the i '
4.13. Pl;ot_enag localization & —
' p ‘_ ion of ext “" roteas os req(lrcs the transport. from' an

mtmeHulnr site ol synthesls to an extermr lucauon and le e in an. active form, " P

o1 mcdmm_ No proleue utm@y s disociated wn]: the mlrncellul‘ir reg.on or v.he ,., ;

L ‘exmcelluhr enzyme. Mosl enzymps secx-ewzfy Gmm—nqmve buurn arﬂound, d

in‘the p»‘_r l;srmc spacc {zone between th

tapllsmu- membune ‘nd tlle !:ell i

Ty - wall) orin the onter cell wall membnne (Runaley, ITIO) Osmnm shock

treatment ot sphemphst lorm relems such entyl‘n-s into the medmm,

without the- mlem of - cyloplumfc enzymu
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those found by lJensea et al. (1980) for the exlmce‘llu]nr protease of a clinical
isolate of P. aeruyl'na':z. .They were able to demonstrate the presence of ag

inactive, periplasmic-associated precursor le/l.he extracellular, protesse. The

§ precursor was antigenically related to the major extracellular protease and could ~
% be converted to an active form by limited proteolysis' with the active protease, as
BN ¥ ) = . . .
well’as trypsin. : . . N

S » ¢

R 1l . .
Unlike the Pprecursor isolated from P. aeruginosa it was not" possible to "

nmvnte the 'precursor' of the T16. protease, with mlher active protease  or

trypsin. The poss|b|hty/excsts)thal the -concentration ol precurmr may have been

T /'56 I(‘at the hme that the cells were harvésted (3 days) that dny conversion of

mprolvm to p[otehse wis relnhvely small and dll’l‘lcult to detect. Jensen zt al.

Ty (1980) found"that the precursor mutanal was hiighest i in cells grown up to 100 12/‘ .

R4 _. ' hours,_ followed by & rapid qleclme after 15 hours, .
-~ ’ N r { . “’ N Lo~ " . v ‘. . L8
! It hn;. beén ‘suggested tlm extracellular prown:ses are synthesized in, ¥
i’ rocursor lorm to facilitate * passage thrungh the cytoplumlc mumhrun,e This is -
‘ o T agrecmenr. wnh the 'slgnsl hypothesis* of pmteh: sec;mon (Emr et al., 1980]

whlch states that-a pralem desuned to be secreted is initially synthesized as a

larger precursor wnth 15+ 30 additional amino “acids at the amino terminal end ol

the' molccule on : b bound riboson Tlie polypeptide chaing, hd by lhe

algns.l sequenu, are Lmnslerred du-eclfy thraugh the membmne to their

. S ex%ra.é!“ular locnhon [h most cases sncmed enzymes of Gram negative bact,em

ire_activated' by [lmlled,,‘ Steolysis by prot in zhe\c_gll‘mmbrane or'int thie !

- periplasmic Space (R’amn]ey,‘ 1979),
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The axtrnellnlnr protease of P. aeruginosa appears (o hve an

T mlermedute stage in which the ursor remains in the periplasm unul it is

relep.s«_l into the cuhn_vr'lediu‘ 4nd_converted to active p;mu:sé. This

mechax;:um h;y also be a ic of other such as isolate

oo e - £ 5
T I:G.,a.l_ll‘iolggh the actuat method by fwhich the precursor\is activated may differ.

4.i.4. Male percent

A-comparison of the mean base colﬁposition of DNA lor the psychrotroph

nsolates Imm dn‘rerent geosrsphlul umons was expressed as mole percent G + C
(%G+C) Only dll’!erences in %G+C are hgmrcnt and they indicate genomic

dxl‘fereme (Jones and. Sneath, 1910) Smulam,y in %G+C doa: not necessarily

ndicate genomic similarity of the 20 jsolates examined. Only 015 was found lo.
dxﬂ‘er slxmﬁcnn!ly (by 14-18%) from the rest wnh a3 %G+C value ol‘ 44
s Atcordmg_to Deley (1973) a difference of 20 to 30% in G+C ratio means that

1t leotid

- _ . there are sracti no in common betweenfo: argmums E

= On thg basis of this" criterion the o1 uohte probably | belonp to 3 dlﬂerent g:mu :
!rom the oll:m, poslbly Al!a'qmonnl {l‘he values obmned for l'he other
lsolul-es are well wnlhm the range lQ( members o! the genus Puudomomu

(8870 %G:+C). i Al

i ‘e
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e .Chapter 5
' - CONCLUSIONS

This study has' shown that aﬂinﬂy chromatography using. CBZ-D- .

pheuyla]a'nin.e TETA Sepharose 4B offers a fast and efficient technique for the ..

purification of the six psych i d d heat-stable These *

p! are néutral llo
both stability and catalyiic activity. They are quite heat resistant and would be

expec’l.ed 1o survive HTST pasteurization and even - UHT. slerilizit{on

p The heat resistance dppears to be based on the flexibility and

renaturation: of the protease molecule, rather than ' maintainance. of - a. rigid

. " structure. A * ! S /\/ s
. p ;: &y l 5 B

[

Thi conditions in-pasteurized milk are favoirable for thse proteases which
remain active nlt;:r heat treatment. The'proteu.;es exhibit a hig”ul"l‘inity for
caseins ( pnrticnlnrly\' alpha- and kappa-caseins ) as'a protein substrate, and the

. pH of :milk is near the optimum’for protease activity. Considerable nctivit}: is

e (25°C ), the : e at which U}{T milk is

" retained at room

3 “usually, stored. Significant levels of proleue' activity ‘are also e‘(ident at
refrigeration temperatures. This combination of heat stability and retention of
‘ s, C v . Lo i
.proteolytic activity at low incubation temperatures, indicates that such proteases
. 2 .

may play a major role in the reduction of the shelf-life of milk anii‘nilk products?

with a, requirement for divalent cations for
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Overall, the proteases possess mutually’ similar " physicochemical properties

and appear to be antigenically related.

-— . N

From the standpoint of its heat resistance there is nothmg unique abouz the . '

T16 proteases canformatlon Thz protea.se consists of a single polypephde which

has a secondary slructure conslstmg pnmnnly of *random cml‘ Such a
~

conformation would impart sonie degree of flexibility. to the molecule and further
supports the hypothesis that the heat-stability is based on the flexibility and
rcnaturgtian“ of the plrotease‘ molecule, rather lbxn'malintenxn:e ol.n rigid
_strucmre, ) (

| : wit & ~
The active T16 protease is exclusively extracellular, although an inactive
form of the enzyme may exist in the periplasmic region of the bacterial cell. The

mechanism by which an inadtive form of the ‘protease could be converted to its

active form has yet to be determinew
. e )

*" . Further research is required into a number of different areas dealing with

" “heat-stable extm_callqllnr proteases. This includes elycidation of the factors which

. nffect protease production by psychrotrophs, as well as an understanding of

protease production at the molecular level: Technologies need to be developed for

use by the-dairy industry to inhibit the growth nnd/bi protease production of

. psychrotrophs during rnfrigeraied st’omgc &f milk and hilk grwduc'.s. 'k‘he use.o‘t

controlled or modified utmosﬁhere storage, or biological - control wlth

psy ph-specific b i have been used to mlnblt psychruzrophs in

meat, and may be applicable to milk and milk products. 3 " \
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A sensitive protease assay -method is required which can be used by those in
" the dairy plant to quickly and accurately determine the p}:ou_ne content of raw
|;xd prd%d milk. Such an assay method would aid in min;iﬁhe‘ quality and

potential shelf-life nlvdniry‘ praducu,

An nspect whach hu recelv:d lm,la nuentmu to ’hte is the potununl

industrial ,. ication ol the:e P 0 ro!wlyuc enzymes are becoming

) mcremngly |mpommt to the food, chemlcnl and phumucntnml mdus\hes The

* unique properties ol’ the Jfeat-stable proteases may allow these en:ymes fo meet an

existing or future need !uch industries.

>

.

-
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7.4 Appendix A: Preparation of h bin-sephaross affinity|

- chromnbo;raphy materml 3 : i “ h 3 "

The S;].)?rm 4B suspenslon '( [125 ml) was

delomzed witer, followed by 12 5g of c}:gmgen broml e dlssnlved in 125 ml of

with an eqllnl volume ul

ation wnth 4R

duomzed water. The pH ‘was lmmedmtely nd]uste 11 by

j@lumes of c%i 01N sodg_um blclrbonau soltion on a Buthnor hlnnel using mild

/ 3

g

»sod_mm hydroxide. Aﬂer 10 min the activated sepharose was washed ‘with 20 4

——suction. The washed Sepharose was -suspended of 0.1 N sodium bicarbonate (;E
-00) and 50 ml of 4% hemoglobin solition was quickly added. This mixtyre was

" stirred gently, at 2-3°C for 24 h and washed extensively with deionized water.
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1'. 1.‘2. A?pandix' B: _Prepgr;ﬁuli of reagelm!‘&)r Lowry's'mgt.hod. of

protein determination ., et

: /} ‘Reagents: " 8 ° ’ H ) 4 ) 8}
(, K - Al o X .
i . :

-

A 2% sodium potassium tartarate in déionizpd water. - o

.: .-B. 1%copper stlphate in deionized water -

o

a " C, 0.2N sodium hydroxide in deionized watdr ~ *

S i C 5 2%
.+ D. 4% sodiur carbo}at‘e‘ in deionized water

_ Wl . g (o | &
‘ E. 1 N Folin-Ciocalteau Reagent . i . Ak
. B 21p .
Thé reagents were mixed as follows: _ - -,
—~ N So,luﬁqn 1 : 25 mit of Reagent © and 25 ml of|Reagent Dy

; -t o Ee o ]

) . Solution I :'1 'ml of Reagent A and 1 ml of Reagent B * =
Y “Solution HI : Add T Fatf Solution I to 50 m] of Solution T_ ’ !

Solution IV : Add 1.0.ml of deionized water, 0 1.0 ml of Reagent E
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7.3. Appendix C: Ornstein-Davis polyacrylamide gels
, €% b} .
" B Solutions : - . e e [\ =
i = < )y
y 2 @ o 2
. 5 x4 A. Aorylnrmde 30 & blsacrylanude ob made up to-100 m} with delomzed
: - water 5- =L Borars :_ . i P
g2l g S & H2 ; o)
5 T : SRR S
1 J B'Tris base 18.2 g, 6 N HCI 20 ml made up to 100 m! (pH8.8) - .~

el gie : T = 4 : v
C. T}isxlz:se 6.1 g in 50 ml of water adjusted.to pH 6.8 with 6 N. HCI and

K] . v ) p A R

- ten made up to 100 ml. R

* I D. Tris base 3'3, glycine 14.4 g made up to 100 ml, pH 83 (reservoif buffer)..

i ) ol Glycerol 10 ml, 2-m=rcap&oethmol 5 ml,; 12.5° ‘ml of solution C. mlde up >

T to 100 ml with d’elomzed water (sample bnﬂer) 3 5 > e

F. Ammonium pevs_nlplnte 0.2 g'in 2 ml of-deionized water

@ " \ : 7.5% gels were pepared as follows :

" Lower Gél - * - ] Upper Gel

weter 107ml' T .. .. water32ml

\soln 'B 100 ml sl o Pk "mln'C 1.25'ml s
: mlnAlODml' ST somAcsoml
. a sl Fozsml o <2 Vsoln P
- : TEMED.15.0 4l . © - TEMEDS ub .

(TEMED = N,N,NN-tetramethylethylenediamine)




| m«ﬁapwcthanol

1. Gl Butfer 0 8¢g NnH po, £ mz}l_r-q," 2.0 & SDS, water to make *
1000ml (pH'T.0); { )

TR

. ;.

The sq}uuon was hltered through Whatman Nol filter pnper und store:

‘_»adaxkbouleau"c \ \ ® ' . R \

\ d

3. A.rnmnmum Persulphate Soluuon 30 mg ammonium 'pcts\xlphntc i 2 ml

of water

@

A Dlalysls Buffer: 10 mM sodmrn pnosplmte bnffer, lg SDS, and 1 ml P

.~ \

. R sy n g .
To repare 10% gels: ! g e - o
opreprglofi 6 b ) .
5 \ C "
Reagent 2 (N 135 ml Yo
. Y .
Reagent1 .2 . 16,5 ml
- ‘Reageut 3 ) \ Lo ml
’ . o N .
TEMED .]’“ T
‘ ) & La
s - [ .
% s




7.5. Appendix E: Prep

Low ﬁhosphateggowfh mediumWas pfepared as described by Jensen'et al,

(180).¢, "
L >
. ! 0.5% neopeptone (birco)

» - 0.25% yeast extract(Difco)
& i .

. Bty
0.1% glucdse . -

\ 1mM ' CaCl,

\

.- \ adjusted to pH 7.2 with 0.1 N HC,

\

AT
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) ) y _7.6. A F: DNA purification i o
- DNA pu'xmc.tion'/m performed by 5 modification of the method of [
: Marmur (i981). © g TR L8t 2
R o " Reagenta: [P %
? s ! ~. o .
; 2y, g I AA L ) ;
" B (1) salin®-EDTA (leodidm ch;o’ride, 100 mM EDTA in deiotiized’
o watel¥oH 8.0) - BT ST :
g e S, / - : K
(2)v1).!sozyAme (Zd mg/ml\in deioqiz}rd w;ﬂ,er) & .2
" (/ " N ° |\ S
(3) 25% sodium dodecyl sulphate (SDS) in deiopized water. : : ML
" (4) 5 M sodium perch]on7v in'deiénized‘ water, ¢ !
i .. " (5) chloroform: isoamyl afcohol (1) @ " i
S R ()] absol\lteﬂethav ol/ g . ¥
el 7w R . / 4 i .
L. (1) dilute salifie citrate (15 mM sodium-chloridé, 1.5 mM sodium citrate, in
o deionized water,/pH 7.0) ) ] . .
e . (8) e cen:sut‘ed saline citrate (1.5 M 'sodium- chloride, 150 InM'su_dium A
citrate iff deionized water, pH7.0) . . ¥ = . .
gy i -
= . / (9) ribonuclesse: (1 mg/mL in 150,mM sodium chloride in deionized water; \‘
- it ) b
¥, <
Y as's ) R
¥ # .:
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"Procedure: - S T ’
o o» - . T . .
(l) A 100'ml culture ‘,”"‘" grown to thie late log phase in TSB at 25°C
y A .t %
(2) The cells were pelleted by cemrlf\lgatmn (7 000 x g for 10 mm) and
slﬂpended in5 ml of sxllnAEDTA by stmﬁ:’g vngorously o 5 o B
v ! A b ¥ e CF 3
(3) The cells ‘were dlsrupted by addmg 0.5 ml o£ lysozyme and shaken ina :} .
37°C waterbuth unhl the solution became clear and Viscous. B Ll_

a w{terbath nt 60°C for 5 min. Then cooled to room temperature.

“(5) 1.4 ml of 5 M sodium pérchlorate was add_ed, followed by 7 ml of *
{ 5 . . >
chloroform:. iso-amyl alcohol. The tube was capped and shaken vigorously for 10 s

min; % e . .
-

(&) Cenmfuged at 10,000 x g for 15 mm Two layers were fcrmed oo,
‘
"

¥ , % 2w A * 3
ke . (7) Removed zhe upper aquecus layer and: placed it in a stenle tube, The
A )

interface material aud the lower layer were dlscarded

(8) 15 ml ol‘ ice cold ethanol was gently layered on top of the aqueous layer

A glus rod was mserted ‘to the bouom of the tube and rotnted quxckly to.wind

the DNA hbers umund the rod T § s
: % 4
. N : N . o
'y (0) The DNA libgrs were rgmovéld and dissolfe‘d"comple_tely in 4.5 ml' of i ;

dilg_te saline citrate s‘olution,.\ " : T . .
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"I

(10) 0.25 ml of DNase-lree nbonuclease was ndded, sh:ken genkly mnd %

’ mcuhated at 3°c l'or 15 min. Then 0.5 ml of concentnted snlme citrate snluyun ":

wa.s"sdded . el 3 =y fv
. ,7_.-v Sl . E =

’ v(u)‘s\ﬁﬁm‘m 5 ';2

. stand for 5 min on lce 'Ak‘ # + Sy = ’ 4
ol o N - (13) The re;ulnng purified DNA was pncked up wtl;a ste?nle wire »’

- d:ssolved completely in 4:5 ml o[ the d1ute saline citrate solution. a » :

s Sr T S =
2 » . . 25

© . g
. # . D . “~
»r
I .
a P
- -
. N
5 . v
. Ja
) 7 e .

< . : «ge

N e T : :
: . .' ) ¥ s - 7
» g .

N N .
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7.7. Append;x G: P ification of i lobulin G (IgG) R
% The IgG fraction of Lhe nntlserum to the anu-’I\S proteasc was prepared
: Q according to the methods of Kekwick (1040) and, Levy and Sober (1060). .
- '70 o N -
.3}’  Reagent, N *, g Al 8 .
.. B ar ~- v un e #
(a) 25% (w/v) sodium sulphate -+ .
F - " ) \ i
Bow 0 B (b)-0:85%sodium chloridafsaline) GE T
o el St ¥ e s o
o5 v(c) sodiim phospliate buffer 17.5 mM; pH 6.3
. R LCE .
. Procedures: B e M

(1) Preclpltltl;;l with 18% Sodium Sulphate

“To 20 ml of whole serum was added-51.4 ml of 25% s {.dmt sulphite with_

constant shmng at room te'pemmre The mixture was cen! nl‘uged ah uwuo Xg.
. {or 10 min. at room tempemture The pellet was dlssolved ina measured amo\mt
'uf snlmc The volllme of the pe]let was determmed by.subtracting the valume of

s:_llme ndded from thie fina) volum btained.




104

The sodium,siphate was'5dded with constadt’ stirting. The mixture was

centrifuged at 10,000 x" & for 10 mm 25°C. Thy pellet was dlssolved in sa{ne and

dialyzed overmght);gamst’ 175 mM sodmm phosvhnto bu[{el pH 6.3 at 5°C.

®) DEAE‘Cellulnsé'éhromtogrnphy" B . ,'\\

Tl\e drjyzed protein ‘was 1pplled to a DEAE cellulose colnmn (ID mg
'protem/ mI column mateml) whwh hnd(ﬁe\n equilibrated to pH 63 with 02 M
"~ sodium dlhydrogen plmsphal.e and washed scveml hmes wn.h 175 mM wmllum

. phosphnle bul’fer pH S 3 at 25°C The nbsorbnncc in each- ol’ the frncunns was ¢
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S T8A dix H: Prep ion of Ou ny double-diffusion

’ and lmmunoelec‘trt‘rpho‘mis slides

S v -

The slides for _both the Oneht\‘\lony double-dnﬂusxon, and

"« |mmunoelcctrophoresls tests were,prepared the same'way. s

Adhesive Agar:

0.1 g Noble agar, 0.05 g glycine, 100 ml deionized iwater (boil to-dissolve) -

# . =8 7
Running agar: .

o
B ' 8 A_ B . 15 g Noble agar, ‘75 ml delized water 25 ml ‘of 60 mM tns hnrbmol — '\:
»_ i:ufrg;'\% "

Procedure:

um azide (bml to dlssolve)

_Clean glass slideé"(—25 x 75 mm) were coated -wil,h a miu la‘yer‘ of melted

adhesive agnr Bnd allowed to snhdll‘y in a 37°C mcubato( "The shdes were,meu .

s overlnyed wnth tbe rufining agar and agam mcubated nt 37°C, lo allow the agar to |

sohdxly - T X




the holseradlsh peroxldase anti-T16 protease Ig

.. ml ofsodlum pmodute mdemmzed water o W o

X borohydri:‘le was-added. ’ ”

& L 106

7.9. A dix I: C of hor dish peraxid'ue to -’

Antl-Tlﬂ gG

.The followmg method of Nak&ne nnd Kawaoi* (mn) was uscd to prcp:m

njugnlu

L5 mg HREO (Sigma Type Vi, Rz 5.0) was dissolved i in 10 ml of { 200 mM

sodium blcarbonate pH 8. l

4 Mlxed .gently for 30 min at foom lempcmure Iollowed by the addition of *
L0 ml of 160 mM ethylene glycol in dewmzed water. ; L ) ".

S. Mlxed gently for I'h at room‘ temperature, and dmlyzed sgnmst lhree I

. litre changes of 10 mMsm‘hum bicarbonate pH 45, at 4°C.

0 5 mg of anti-TI6 | in 10 ml of 10 mM sodium b\lc'hrb me, pH 0.5 was
e

ndded to3 ml of thp HRPO-aldehyde soliition.

X : i

7. Mixed gen‘tl}; ro_r 2-3 h at room temperature to which 5 mg sodium

$ BN e g,
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9. Precipitate which may have formed>was removed by centrifugation at
! aid -
- 7,000 x g for 1O min. L
-

10, The solutxon ‘was npplled to a- Sephadex G-100 (85 x 1.5 cm) column,
" 77 Lqlibrated in’PBS. ’

!l.‘Thé absorbance was read in each of the i mli fractions at, 280" and 403

13, The HRPO conjugn(e IgG was stqred i the pres:uce of 2 anSA/mI at “ ¥

SRl L,

A\ i
kS &

Lo
. . il &
. P I
i b\ %

\ - ! tr %
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