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Purification and some properties of proteinase from 
Pseudomonas fluorescens No. 33 
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By HARllTO Kl'.~1 URA , KATSllHI KO MI KA \\'A A-:-<n ZEX ICH I ~AITO 

Laboratory oj Da iry 8cie'l/ce , p'aculty of Ayrirulture , I-lokkaido Cniren,ity, 
Sapporo 060. Japall 

(Received II June 1992 and accepted jor puolicalioll 2(J Odober my:!) 

SU:\J M ,\RY. TIle' extracellular proteinase from Pseudomonas jluore,w:ens Xo. 33 was 
purified t.o electropho retic homogeneity by a proeedure ind uding precipitation with 
Hel and (XH 'I))30~ , and col um n chromaiogmphy. The enzyme was purified 170-fold 
gi\' illg a yield of 7'Y ... of the origina l activity. The molecular mass of the purified 
enzyme was 4-8000 by SDS-P.-\G "~. The optimum pH and tempera tu re for the 
hyd rolysi." of casein were 8,0- 9,8 and :10-:3;') °C rcspeeti\'cly . The enzyme was morc 
thermosta ble in synthetic milk salts solutio n than in 0' 1 ?ol-sodium phosphate buffer. 
but was heat-labile at :")0 0

(, in both bufrer s.v.'>tcrns. T he aetiyity was inh ibikd by 
o- phenant.hroline, Hg2t , Cu2t . FcH and, to a le'lser ex tent. .;\" iH . Caseins II'pre 
suseepti ble to the jJl'otp.illilSt), but degradation patte rns \\"en,' dependent on the form 
of the easei n. 

~hmy speeie~ of psyehrot roph ie cells in l'I1W milk pl'Ociuee hea t ·resistan t proteinase 
and lipase. These enzymps ean often eontinue their aeti\'ity ('\Tn after l THT 
:steril iud ion (Bu I'ton. 1988: Adams. 199 1). P ro! einilSf"S induce bit tel'lH'SS and gela tioll 
ofVHT sterilized milk (Fairbairn it La\\" 198Ga). ,,,hile lipilses cause flavour defects 
due to fat breakdO\I"11 in el'pallL uutter. eheese and lTH T product:,; (La\\· . 1979 : 
Cousin, 198:!: f')teild , 1986). Some worker.'> notpd that pS.H:hrot l"Oph pl"Oteina,<.;p was 
more significant !il(ln lipaslO' inillilk Hayou l' quality (:'lIottaI'. 198\: Christen & \rang 
198;")). 

The Him of thi s st ucl~' was t'o ObSP1'\' P til(' nature of tlw protpinase from 
Pseudomonas jiuorescells :'\0. :33 . 

~L-\TERlALS A::\O .\lETHO I) :-:l 

Organism 

P s. jiuore8cell8 Xo, :13, pre\'iously reported as PsewtO/iiOIlG8 sp, Xo. :1;:; (K lllnura 
1'1 at. 199 1(/. b) \\'HS originally isolated from past.e urized mi lk and stOl"ed Oil nutrient 
ilgal' slopes at 2°C. 

('u/tllrf" cundilions 

The organ ism was sul.)(;uitul'ed on 1.\ nutrient agar slope, then in sk im milk and 
Ilu trient broth . at. 17 °C for 24 h eaeh. The broth culture was diluted J: 104 with 
diluent (A meriean P ublic H eHlth Association. J9(0) ('ontaining 0.85°;(, XaCI and 



230 H. K UMURA AKD OTH E RS 

2 nDH\ l g~"'. and 1:')0 pI portions were inoculated into 1:3 IllI portions of sterile 10 % 
reconst ituted ski m milk in tOO ml Erlen meyer flasks. The skim mi lks ' .. 'ere incuba.ted 
stat icalty at 17 °C for i d. The culture was cent rifuged at IOOOOg and 17 °(; fo r 
30 min to rerno\'e pt"eeipitates. The supernatants were lLsed as the crude enzyme. 

P rodtlClion and p'/trificalio l~ oj the enzyme 

The cultu re supernatant \vas acidified to pH 4-8 wit h M·Rel and centrifuged at 
10000 g and 20 °C for 30 min to rertlo,'e the precipita.te. The supernatant was 
immediately adj usted to pH 7-5 with aqueous X H40H . Wet. octyl-Sephal'Ose CL-4B 
(Pharmacia, Cppsala . Sweden) was added to the supernatant and stirred gen tly for 
20 h at 2-4 °C to entra p concomitant lipase. After rem oval of t he gel on a glass filte r, 
solid (~H~ ) zSO~ was added to the filtrate to 40% satu ration. The precipitate was 
removed by centrifugation at 10 000 g and -l °C for 30 min. Additional solid 
( ,xH4 )~SO~ was added to t he supe rnatant to 55% saturation . The resu lt ing 
precipi tate was collected by centrifuga.tion at 10000g Ilnd -l °C for 30 min and 
d ialysed agai nst 0·01 ~ 1 -Tris-HCl buffer. pH / ·5. The dialysed preparation was 

applied to a column (22 x 212 mm ) of DE.-\E-Sepharose CL-6.B (Phal"mt\<.'"ia ) which 
was pre-equilibrated with 0·0 1 ~I -Tris-HCI buffer, pH 7·5. T he column was washed 
thoroughly with the same buffer to remove unabsorbed materials and th en the 
enzyme was eluted by a linear gradient of 0' 1- 0'3 ~1-NaCI in t he same buffe r (360 ml) 
at a Aow rate of 45 ml/ h. P roteinase-rich fract ions were pooled and solid ( XH~)2S0~ 
was added to gi \"c 40 % saturation. T he mi xture was I~pp l ied to a co lu mn 
( 10 x 450 mm) of Butyi-Toyopearl (Towh. Tokyo) which was prc-equilibl'ated with 
-1-0 % sa tu rated ( NH~)2S0., in 0·0 1 M-Tris-HCl bufler, pH /·5 . The enzyme was e luted 
by a decreasing gradient of satuJ"itted ( ~ H ~hSOJ (25- 7% saturation) in t he same 
bufTer ( 135 ml ) at a Row rate of -1-5 ml /h. The proteinase-rich fractions wero pooled 
in a cellulose t ube. tlnd concentrated by bury ing in solid :;ucrose a t 2 0)C. The 
concent rate was then appl ied to a column of Toyopead HW-50S (Tosoh ) 
( lO x970 mm) pre-equilibrated wit h 0·0 1 ~1 -Tris-HCi buffer . p H /·5 and was eluted 
with (he same buffer. The flow rate was - IO ml/ h. P ro tei nase-containing fractions 
were pooled and stored at :2 °C as the purified pl"Oteinase. 

JJeasnrement of proteinase (lft ivity 

The proteolyt ic act id ty was detel"mi ned as previously described (Ku mura el al. 
1091 a) using 0'5 % a("id e!\.<;ein in 0·05 ll -glycine-XaOH buffer. pH g·O as substrate at 
30 0)C for 10 min. T Il(' acid casein was pre pared by isoclectric pre('ipitation of I"Il.W 

skim milk at pH 4·6 with :Of -H e!. TIlt' enzyme was apPl"Op riateiy dilu ted with 0·0 1 M ­

T ri;;- Hel buffer. pH 7 ·;i . One pl"OteiMse un it (PU) of t'nzyme acti vi ty wa" defi ned as 
the number of mi<-rogmrn:'> of tyrosi ne rolen.sed per min a t 30°(' ( 1 Pl' "" 1 pg 
t Yl"osine / min ). 

Protein determination 

The protein cOIl ("c ntration was determined by a. mooified Low ry met hod 
(Bt'"llsadou ll & Weinstein. 1976) using bovine serllm i.llburnin /\;; a standard. 

Clwraderi:ation of Ih e el/:!l1II1' 

The optimu m pH of th~ proteill,lse was determined using 0'5% casein dis.<iolved 
in l -ni\·el"$.\l buffer (DllWSOIi el al. 1969) 01" 0'0:3 ~1 -gl"n"i ll~~I\OH buffer at 30 °C for 
to min. 
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The relationship between p H and st<tbili ty wa:;; determined b.\O measuring the 
residual enzyme acti\Oity after storage at 2 °C for 24 h at val'ious pH \'alues. The 
protein concentrat ion was adjusted to 50ltg/ ml with Cniversal bu lfer. 

The opti mum reaction tempera.ture was determined using 0'5% acid casein 
buffered with 0·05 Moglycine-XaOH huffer, pH g·O at a defined temperature for 
10 min . 

Thermostability of the purified proteinase in 0' 1 :'.I-sodium phosphate buffer, 
p H 6·6 and synthetic milk salt!> solution, pH 6·6 (.Jenness & Koops . 1962) was 
determi ned as previousl y described (Ku m ura el ai. 199 t a). The protein co ncentra.tion 
was 50.ug/ml. 

Effect of metal iOM and inhibilor~ 

The enzyme (50 .ug/ ml ) was dissolved in 0·0 1 :\I-Tris- HCI buffer pH i·5. 
containing metal ions (6 m:'.l) or additi,oes (I m)1 or 0'01 m)!) and incubated at 30 °c 
for 10 min with subsequent addition of 0'5% acid casein in 0·05 :\1'glycine-XaO H 
buffer, pH 9·0 conta ining the additive at the same concentration. T he remaining 
activity was assayed and expres.sed u.s a percentage of the control to wh ich only 
buffer was added _ Metal ions were used as ch loride compounds (CaH , MgH, CllH , 
NiH, Hg2+ ) except su lphate fOI' F e2+, Proteinase inh ibi tors used were EDT~"" 

(Xa karai Chemicals, Kyoto). o·p henanthroline (Dojindo Laboratories, Kumamoto). 
'P·chlorumercuribenzoate (P C';\lB, Xakami ). phenyl methyl sui phony I fluoride ( P~lSF , 

Sigma, St Louis, MO 63 178, USA). soya bean trypsi n inh ibitor (S igma) and bestatin 
(Sigma) , 

Jlolecular nI{l.88 

The molecu lar mass of the purified proteinase was estimated by SDS-PAG E 
performed on a sla b gel calibrated using phosphorylase b (.li , 9.J OOO) , bovine serum 
albumin (.Hr 67(00 ). ovalbumin (.lIT .J3000), carbonic anhyclrase (Jir 30000), 
soyabean t rypsin inhibitor (.lIT 20 tOO) nnd a- lactalbumin (.lIr 14400) as st.andards 
(Laemmli. 19iO), To prevent autolysis . m.\[·o-phenanthrol ine was disso lved in the 
enzyme. Samples were loaded on a 10 % po lyacrylamide gel containing 0·, % S DS 
with a stacking gel. 

A mino acid compwitioll 

A sample of t he enzyme was hyd rolysed in 6 )1 · HCl for 24 h at 110 °C. and amino 
acids were iden tified on an ami no acid analyser. The t r:"ptophan content of t he 
enzyme W U.$ determined in 6 ~ 1 .g~1Rnidille hydrochloride (Gu HC'I) by a spectro­
photometric method (Edelhoeh. 196i ), 

.~ nalY8i8 (if milk pmlein hydrolysis 

'The degradation profile of milk proteins by the proteinas(' was im-estigateu by 
elect ropho re:;is llsing i\8 :lll bstrates 0'5 % acid casein. 0'5 % micellar cl.tsein sepa rated 
by centrifugation (itt 30000 g for 90 min) from ra,,- ~kim mi lk or 0·3 % whey proteins, 
prepared by isoelect ric precipita.tion of the casein from raw skim milk , dissoh-ed in 
sy nthetic milk sa lts solution. pH 6·6. 'The proteinase ( 15/1\. 22·6 PC) was added to 
the substra te ( to ml). immediat ely didded into 1 IllI pf'r tube .HHI incubilted at -I 0(' 

for up to 2-1 h. The reilCtion was terminated b.v addition of ,Ill equal yolume of 0''') % 
mercaptoethaJlol in 9 )l -UI'eu for ca.'~ei n subst "a tE'8 or 0·05 )1 -('itr<1te buffeT". pH :'),0 
eontuiniTlg 2 :'.l -lIfea for ,,-hey proleins sub:;tl"ute and Rubjed ed 10 gel eled rophoresis. 

LO n~ <t - P ..... C E of c(\sE'in WI;\" performed 1l<.' to rding to Aok i el al. ( 1986). 
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Table I. Purificationt of proteinase fro-m Pseudomonas fiuorescens No. 33 

Specific 
activity. Purity 
PUUmg index 

Culture superna. ta.nt ' ·'.3 I ~ 

HCI precipi tation (pH 4'8) 43'6 3· 1 
()l'H, ),SO, (4()...55 % satur"tion) «0'1 30·8 
DEAE.Sepho.rose CL·6B 2029 142 
Butyl.Toyopeari 1876 131 
Toyopearl HW·50 2451 171 

t Details are given ill the te lCt . 
t ~'or definition, see text. 

100 • • • • • 
0 0 

SO 
0 • • E • x • 60 E -0 

'" ?i '"' > 

" ~ 
20 

oL-__ ~ __ ~ __ ~ __ ~~ 
6 7 8 9 10 11 

pH 

~vcry. 

~. 

100 
93'5 
64'5 
3.' 
S' ,., 

~'ig. 1. Effect of pH on the activi ty of p\lriR~,(\ PuudotN.Qnus jluor~8U1t8 )l'o. 33 proteinase on 0-5 % 
clI.l!ein o.t 30°C. Buffer sy~t<Jm~ were Universal buffer {OJ "nd 01)5 .1!.gJycine-:>.'aOH buffer (e ). 

P AGE of whey protein was performed in non-urea buffer by a modified H ill ier 
(1976) method. The separating gel contained 11 % acry lamide dissolved in buffer 
(46 g Tris +60 ml M-H e l/ I). The stack ing gel was composed of 2'5 % aery lam ide in 
buffer (7'5 g Tris+ 60 Illi M-HCl/ I). These gels were stained wit h Coolllas.sie blue. 

RESULTS 

Purification of proteinase 

A representative resu lt of purification is summarized in Tab le 1. During each of 
the pu rification steps . all proteolytic activity was concentrated in a single 
chromatographic fraction. 

Churucterizat'ion 

The optimu m pH for action on case in at 30 °C was 8·0-9·g (Fig. 1). The proteinase 
had a broad activity range with ..... 50 % of its maximal activi ty a round the pH of 
bovine milk (pH 6'6). The enzyme was very stable at 2 °C for 24 hover tbe wide range 
of pH 4·5-10·0 (F ;g. 2). 
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·3~---C4~---C5"----C6C---~7C---~8----~9----~1~.-C--~1~1~'-~'·2 
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Fig. 2. Stability at different pH of purified P~~tr(If)mf)"M jluOrt st:l .M )10. 33 protei nll.sc (50 1'8/ ml) 
at 2°C for 24 h in Uni"ersal buffer. Enzymic aeti"ity was assayed as dcscribed in the text. 

, .. /,' , 

8. / , 
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• • 60 
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E -0 ... 
i: 4. 
> , 

" ~ 

2. 

· L,(,lt/~;O----~3.-----4~.--~~5£~-----60~·------;O 
TemperalUre, °C 

Fig. 3. E !fect of tcrn pcnltnn' on the acti ,-it.\" of pli rifled Pi!llUlomo",,~ jI "ort",",,,,, Xo. 33 protei Ua.!!(' 

On 0-:;% r,,, • ..,in in O{l:'i )[ -glycine-)laO H buffer. pH 1)'0 detl-rmin<.-'l:! n" d,'$eritx-d in the text. 
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The optimum temperature for action on casein at pH g·O was 30-35 °C (F ig. 3). 
The enzyme was heat-labile at 50 °C in both 0·, !\I-sodium phosphate buffer and 
synthetic milk salts solution (Fig. 4)_ Exce pt at 50 °C, the proteinase was more stable 
in synthetic milk sal ts sol ution than in sodium phosphate buffer. 

The molecular mass of the proteinase was 48000 by SOS-PAGE. 
The effect-s of various add it ives at"e shown in Table 2. The metn l-cheltl.ting reagent 

o-phenanthl'oline strongly inhibited t he proteolytic activity . Partial inhibition was 
observed by EDTA. A serine prote innse inhibitor (P MSF) _ thiol proteinase inhibitor 
(PCrt'lB) and exopeptidnse inhibitor (bestutin ) were ineffecti,-e. 

Among the dibasic metal ions. HgH. C'u H, Fe~+ and. to a lesser extent. Niz+ 
inhibited the activity . No effect of Ca~+ and MgH was observed in this study. 
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100 

80 

• c 
~ 
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Temperature, "C 

Fig. 4 . St!lbility of purified P6.jluOrt8UII8 No. 33 proteina;;e in 0-1 )I ·&Odium phoaphate buffer . pH 6·6 
re) or in nsynthetic milk sa.lts solution (Jenness & Koops, 1962) , pH (1,6 (0) to incubation for 10 min 
at different temperature!I. The enzyme protein wg adjusted to 50 }lg/ml. Enzy mic a<Jtivity wa.s 
assayed &$ described in the text. 

Table 2. Effects of additives on the activityt of purified proteinase from 
Pseudomonas fiuorescens No. 33 

Remaining 
Addi tive ('onen activity. 0/. 

Buffer (~'Ontrol) 100 
EDTA I mll " Q·Phenanthroline I m,\l 4 
p·Chloromen:uribcnwlltc 1 mM 00 
Phenylmethyl~ulphonyr fluoride I rn II ,; 
&yabcan trypsin inhibitor {)-1 -I. 0; 

Bcstatin 0-01 m~1 99 
Ca'· I mM 97 
llg· · I mll 104 
Znt> I m 0\1 -" '-
Cu h I InM 8 
Feh I m~1 2 
Hg·· I 1n)1 0 

Ni'· 1 m. 30 

t Enzyme (50 fig/mIl W(\lI pre-incubated wi th additi"e for 10 min at 30 "C before adding substrate. also 
containing a.t.ldieh·e. Details arc given in the text. 

The amino acid composition of the puri fied proteinase is given in Table 3. There 
were low levels of methionine, lysine and arginine, and high levels of acidic and small 
residues , such as glycine and alanine. No cysteine was detected in the proteinase. 

A -nalysis of milk protein degradation 

Qua.litative PAGE analyses of milk protein hydrolysis are presented in Fig. 5. 
Different degradation patterns were observed for acid and micellar caseins. Acid 
casein was hydrolysed almost complete ly within 24 h at 4 °C (Fig. 5a). For micellar 
casein (F ig. 5b), the rate of hydrolysis was slow compared with that of acid casein. 
K-Casein was the most readily hydrolysed. whi le a,;-casein was t he least susceptible. 
Whey proteins were resistant to the action of No. 3:3 proteinase (Fig. 5c). 
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Table 3. Amino acid composit·iont of purified proteinase from, pseudomonad4 

Ps. jfuo,'uu,.s ~o. 33 P&et<dom01lM ~p. llC60t 

Amino Residl!~'l;/ mol Residues/ Residues/ 
acid 100 res idues 100 residues 

A.p 78 17'5 1 i'6 
Th, ' I 9"2 10-7 

&" 39 '-7 7-7 

Gi" 28 '-3 ' -0 
Pro 7 1-' 1·7 
Oly 60 13"5 I '~ 
AI. .. 0-9 1'3 
!-Cys 0 00 00 V., 22 " 4-5 
~ Iet 3 0-7 9-' 
II, " 3-1 ~·l 

'-'" 36 '- I '-6 
Ty ' 18 ' -0 ~·5 

Ph, 22 ,-, 4"5 
I.ys 15 3-3 2·8 
His 7 I ' I- I 
Mg , 1-3 0-6 
T,p 6 13 0-' 

Total 44' (~66 ) 

t Determined as deacribed in the text. 
f From Barach .\ Adams (1977). 

DISCl1ss rON 

Ps.jluorescens No. 33 produces a proteinase typical of its genus in many respects ; 
the molecular mass was similar to that of other proteinases from Ps. jluorescens 
(Richardson , 1981 ; Stepaniak et al. 1982 ; i\Htchell et aI. 1986). From information in 
the rev iew of Fox et al. (1989), the am ino acid composition of the No. 33 proteinase 
was similar to that reported for other proteinases from pseudomonads, especial ly the 
thermostable proteinase of Pseudomonas sp. Me 60 (Barach & Adams, 1977). 
Fairbairn & Law (19866) studied t he similarities of amino acid composi tion of 
proteinases from several pseudomonads and suggested that the heat stability of a. 
proteinase cannot be predicted from its overall amino acid composition. Richardson 
(1981 ) noted that a content of low molecula r mass amino acids such as glycine may 
be a prerequisite for heat stability at high temperatures since small side chains would 
minimize steric hindrance and allow st ructural flex ibility . I nformation on t he 
relationshi p between amino acid sequence or higher order st ructure of protei n and 
heat stabi lity of the enzymes is of in terest. The No. 33 proteinase showed low­
temperature inactivation (LTI ) (Barach et a,l. 1976). The cause ofLTI is attri buted 
to self-digestion (Stepaniak & Fox, 1983 ; Diermayr et al. 1987 : Stepanialt et al. 1991). 
H igher thermostability (except in t he LTI region) in synt hetic milk salts solution 
than in sodi um phosphate buffer was also observed by Stepaniak et al. (1982) and 
Stepaniak & Fox (1983), and attributed to t he presence ofCa2+. 

Although most pseudomonad proteinases have maximum activ ity al'Ound neutral 
pH (Alichanidis & Andrews, 1977 ; Stepaniak et at." 1982; Patel et al. 1083), some were 
reported to be alkaline pl'oteinases (Fairbail'll & Law, 1986 b: Mitchell et al. 1986). Ps. 
jluorescens No. 33 proteinase fnlls into the latter category. Furthermore. the pattern 
of in hibi tion of t he No. 33 protei nase suggested its classiRcation as a metallo­
endopeptidase. 
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~'ig. 5. HydrolY6is of milk pro~ins in ~ynthet i c milk salts !l()lution. pH 6'6 at ,, "C by purifi ed 
P&.jl«orUUM ~o. 33 proteinase. SuOs\ro.tc$: (II), 0',5 % acid casein: (b), 0'5% micelJar casein: (c), 0'3 % 
whey protein!. prepared a.8 de$Cribed in tbe text. C:-l" . <:aJICin ; (X-La. ",·Iactalbumin : poLg, ft­
lactoglobulin. BSA, bovine serum album in. 

The degradation of caseins by the No. 33 proteinase depended on t he state of 
aggregation and the position of the casein in t he micelles. As p-casein dissociates 
from casein micelles on cooling, refrigeration would be expected to make it 
susceptible to proteolysis (Fox , 1989). Although preference towards casein:) depends 
on the individual character of the proteinase, our results suggest that the substrate 
condit ion should also be taken into account ; the associa.tion of each case in . 
component may affect the rate of hydrolysis. 

According to the review of Fo.irbairn & Law (1986a), whey proteins are resistant 
to psychrotroph proteinase, as confirmed for the No. 33 proteinase. 

Not only the proteinase, bu t also the lipase from Ps. jl'Uorescens No. 33 has been 
isolated from the culture (H. Kumura, unpublished results) . The yield of t he 
proteinase (3'7 mg protein/ I cu lt ure) was much more than that of the lipase (0'7 mg 
protein/l culture) and the recovery of the lipolytic activity was 37%. This implies 
that the culture supernatant contained much more proteinase than lipase. 
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