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ABSTRACT 

111 

Preliminary experiments by API ZYM enzyme system showed that Lac!ohacil!lls c{/.\ei 

(Lb. case;) subspecies contained low proteinase and high aminopcptida~c and 

esterase-lipase activities, which are the desirable traits of microorgani~ms to he lI~cd 

as starter adjuncts in Cheddar cheese- naking. Six strai ns of Lh. c(lwi (!-.!-.p. ('tI\'('i, !-.sp. 

rhamnosus, and ssp. pseudoplantamm), ~elected from su perior peptida~c and e~tera~e­

lipase profiles, were further studied for their amino-, di-, tri-, and carhoxy-pcptid.l~e 

activities using thirty synthetic C\ubstrates. This study revealcd u~cflll information 

toward ... improving our understanding of the peptidase profile~ and probablc role of 

Lb. case; in Cheddar cheese ripening. AIthough individllul ~train~ varied 111 thcir 

specifie activities against different suh~trates, Lactohucil!ll.\ ~lIh~pecie~ gCllcrally 

exhibited high ami no- and di-peptidase, relatively weak tripcptl<.Ia..,c, hut no 

carboxypeptidase activities. The knowledge gained from thc~e "tLldie~ hclped 1I~ 

selecting two strains (Lb. casei ssp. ca.sei LLG and Lb. casei s"'p. r/wmllo\ll.\ S(3) with 

highest amino- and di-peptidase activities ;or further research. In order to ..,tudy thcir 

enzymatic characteristics and kinetics, aminopeptidase of the~c two ~train~ werc 

purified to homogeneity by Fast Protein Liquid Chromatography (FPI J'). J\ ~ing\c 

m(momeric enzyme was shown to be re~ponsible for the cntirc all1inopcptida~c 

activityofthe cell-free extracts. This investigation providcd ncw in~ight~ and rcvealcd 

fundamental knowledge about the peptidases of Lh. ca.\ei group. In ad(lItiol1, llCW 

methodologies were developed for rapid enzyme purification lI~ing FPLe ~y~tCIl1, and 

evaluation of peptidases by API ZYM enzyme ~y~tem. 
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ETUDES DES PEPTIDASE D'ESPACES DE LACTOBACILLUS CASEI ASSOCIES 

AU FROMAGE CHEDDAR 
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Dr. Byong H. Lee Directeur de thèse 

RESUME 

Des expériences préliminaires sur le système enzymatique API ZY1,1 ont 

~.?m()ntré que le Lactobacillus casei (Lb. casei) sous-espèce possède une faible 

activilC protéina~e et de fortes activités aminopeptidase et esterase-lipase. Ces 

caractéri~tiques sont désirables pour son utilisation comme démarreur dan~ la 

fahrication du fromage Cheddar. Six souches de Lb. casei (ssp. casei, ssp. rlzamnosus, 

ct s~p. pseudoplafltarum) sélectionnées pour leurs profiles peptidase et esterase­

lipase, ont été étudiées pour leur activité amino-, di-, tri- et carboxy-peptiJase sur 

30 ~ub~trats ~ynthétiques. Cet étude a révélé des informations très ut~:c.:s qui nous 

permettrons de faeil itcr notre compréhension en ce qui concerne les profiles 

peptida~e et leur rôle attribué dans la matumtion du fromage Cheddar. Bien que 

certaine~ souche~ varient dans leurs activités spécifiques avec des ~ub~trats différenb, 

l'e~pèce Lactohacillus contient en général une haute activité amino- et di-peptidase, 

une faible activité tripeptidase et aucune activité carboxypeptida~e. Deux ~ollches de 

Lh. ca.\ei (s~p. casei LLO et s~p. rlzamnosus S93) ayant les pltl~ haute~ activite~ 

amino- et Ji-peptidase ont alors été sélectionnées. Les aminopeptidase~ de ces deux 

sOllche~ ont été purifiées par Fast Protein Liquid Chromatography (FPLC), afin 

d'étudier leur~ caractéristiques enzymatiques et cinétiques. Une seule enzyme 

monomère a été identifiée comme responsable de toute l'activité aminopeptidase 

obtenue à partir des extraits cellulaires frais. Cette recherche nous a permis 

d'aquérir de~ connaissances fondamentales sur les peptidases du groupe Lb. casei. 

De plus, de nouvelles mé!hodes ont été développée~ pour une purification 

enzymatique rapide par le système FPLC et une évaluation des peptidases par le 

système enzymatique API ZYM. 
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VI 

CONTRmUTIONS TO KNOWLEDGE 

The objective of this study v.'as to select Lb. casei strains with desirable peptidase 

profile~, which could be used as cheese starters or starter adj:.mcts, for improved 

f1avor and accelerated ripening of Cheddar cheese. Since very little was known about 

the peptidase activities of Lb. casei, extensive work was required to understand their 

peptida~e complex. Our study contributed to the knowledge in many aspect~, briefly 

mentioncd bclow: 

1) A comprehensive review of cheese microbiology and role of peptidases during 

chee se ripening was completed. The review also served to bring into facus the 

potential of lactobacilli as cheese starters or as starter adjuncts. 

2) The study is a firsl successful attempt to pur ify and characterize an 

aminopeptidase from Lb. cClSei species. A rapid purification protocol was developed 

by which aminopeptidase from two strains was purified 10 homogeneity. The 

procedure developed uses advantages of monobead column~ and Pharmacia Fast 

Protein Liquid Chromatography, requiring only 3 working days to get a good yield 

of highly active homogeneous aminopeptidase from bacterial biomas~. The 

information obtained on characteristics of the purified aminopeptidase will help food 

scicntists to explore it~ role in the food industry. 

3) A rapid, simple and reproducible method (API ZYM) was developed to evaluate 

and localize various hydrolytic enzymes of cheese starters. This method will help 

starter companies to assess pertinent enzyme activities of starter strains they provide 

for industries. An extensive study was done on the hydrolytic enzyme profiles of Lb. 

ca sei species by using this enzyme system. This primary information will be useful 

-----------------
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to enzymologists in designing future experiments for the rharactcrization of thcir 

enzymes. 

4) A systematic study was carried out on growth. bioma~~. ami ccII di~intcgrati()11 

of Lb. casei species. Critical parameters were determincd which may he hclpflll for 

efficient and uniform growth, and Iy!\is of Lh. casei species. 

5) A detailed comparative study was carried out on the !-pcciflcitlC~ and ~pcl..'illC 

activities of different peplidases of Lh. clL\ei ~pecie~. Thi~ ~tlldy \upportcd tht' 

application of lactohacilli peptidases lo accelerate chec~(' ripcning. and al.,o provl'd 

useful in assessing their role in eliminating hitterncss dllnng ripening. 

6) The investigation resulted in the selection of two !\trains with !-upcrÎor pcptÎda~c 

activities. The"e strains or their enzymes can be used hy the chce~e indll~lry lo 

itn!Jrove and accelt:~'ate cheese flavor production witholll bittcrne~~. 

In summary. ihrough a combination of fundamental re~eardl and practical approuch. 

a potential for the utilization of peptidases of Lh. casei ~pccie~ ha~ been explored. 

Taken as a whole, the investigation is a major contribution to chec!-e tcchnology and 

starter enzymoiogy. 
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1 GENERAL INTRODUCTION 

Cheese has evolved from its humble beginning since 6000 years B.e. as a simple 

means of conserving milk constituents. Today it is accepted as a highly nutritious 

food of haute cuisine with epicurean qualities. The mechanism by which fresh curds 

mature from a relatively bland elastic mass to well-bodied chee se with a distinct 

f1avor is still not weil understood and has been the subject of much interest. Owing 

tn its fahrication being limited to farms and monasteries, cheesemaking remained an 

art rather than a science untiJ recently. However, due to enormous world-wide 

increase in chee se production (20 million metric tonnes in 1987; Sliter, 1988), today's 

highly competitive cheese industry is striving hard to control and accekrate the 

hiochemical me chanis ms involved in the development of mature cheese fJavors to 

meet the increasing demand of the consumer. 

On the hasis of currently available scientific information, it is generally agreed that 

ail the major milk components (protein, carbohydrate and fat) contribute to the 

development of cheese flavor through enzymatic degradation. While degradation of 

carhohydrate and fat 1S seen as fundamental process in chee se ripening, their 

importance in directly influencing the Cheddar cheese flavor is not weil understood 

(Law, 1(84). On the other hand, extensive protein breakdown (25-30%) has an 

ohvious role in determining the texture, background f1avor intensity, and the 

availahility of f1avor precursors in ail matured cheese varieties (Law, 1987). 

Recause of their fastidious nutritional requirements, lactic acid hacteria have 

developed complex enzymatic systems which allow them to efficiently utilize the 

ahundant nutrients present in milk (Law & Kolstad, 1983). Using a cornhination of 

proteinases. peptidases and specialized transport systems, the cultures are able to 
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utilize protein-bound amino acids. Qualitative data suggest that lactobacilli have the 

most extensive amino acid requirements (Morishita et al, IWO). Studic:.. conœrning 

proteolytic capabilities of lactic acid bacteria have focused primurily on the Group 

N streptococci, due to their economic significance as the starter bacteria in Cheddar 

chee se (Law et al, 1974; Exterkate, 1975 & 1977; Mill:.. & Thoma:... 1978; 

Kaminogawa et al, 1984b; Law, 1984). However, similm ~tlldie:.. focu:..cd on 

lactobacilli, indicate that most species of this genus exhihit grcatcr pcptida:..c 

activities than the lactococci (Pettersson & Sjostrom, 1975; Hickey el III. N83; Lee 

et al, 1986). 

Both modern and traditional methods of manufacture of Cheddar chce:..c aged longer 

than three months rely upon the chance presence of lactohacilli lO facilitate the 

latter stages of ripening. They are one of the few genera capahle of growth 10 high 

cell densities (> 1Q7/g cheese) under selective condition~ of chce~e ripcning (1'ctcr:"ol1 

et al, 1989). This is in contrast to the lactococci, the primary ~tartcr lI:..cd in 

cheesemaking, which readily decline in numher during early ~tage~ of chec~e ripening 

(Chapman & Sharpe, 1981; Thomas, 1986). The role played by lactohacilli il! 

development of desirahle Cheddar chees(! flavor i~ equivocal. Sorne :-.tlldic.., !-.lIggc~t 

that certain Lactobacil/us spp. are typically a~~ociated with eithcr good or pour 

quality cheese (Sherwood, 1937, 1939a & h). Intentional addition 01 varÎou.., 

Lactobacillus strains at concentrations normally a~~ociated with chec:..e or at levcb 

weIl in excess of the normal arnounts have proven succe~!-.flll in the production of 

more intense and desirable flavor attribute~ in sorne in..,tancc:.. (pcltcr..,..,on & 

Sjostrom, 1975; Law et al, 1976a; Bartels et al, 1985; Abdcl Baky ('1 al, 198(J; 

Puchades et al, 1989; Laleye et al, 1990; Lee et al, 1990a &h) but not in othcr.., 

(Reiter & Sharpe, 1971). Most of these studies looked only at diffcrcnn:.., in gro..,.., 

composition and general sensory characteristics of the control and cxpcrirncntal 

cheeses. 



r 

3 

Other workers have focused attention on the proteolytic and peptidolytic actlvities 

of various cellular fractions isolated from species of lactobacilli using selected 

synthetic substrates (El So ja et al, 1978a, 1978b; Eggimann & Buchmann, 1980; 

Hickey et al, 1983; Aho-Elanga & Plapp, 1987). Consequently, it was shown (Lee 

et al, 19H6) that Lb. case; group (ssp. case;, ssp. rhamnosus and ssp.pseudoplantarnm) 

were more active in various peptidase activities th an any other lactic aeid bacteria. 

Further studies on the pilot seale demonstrated that the use of Lb. case; in 

conjunction with the ~tarter lactococci shortened the ripening period, with an 

improvement in Cheddar flavor (Puchades et al, 1989; Lee et al, 1990b). Other 

workers (Lemieux et al, 1989) demonstrated the use of Lb. casei species for the 

elimination of bitterness during cheese ripening. Although these positive attributes 

wcre mainly related to the proteolytic syll1ems, there is lack of information on the 

characteristîcs of the responsible enzymes. 

Therefore, the objectives of this research were as fallows: 

- Firstly, to evaluate the enzyme profiles of variaus cheese-associated strains of Lb. 

case; group ta obtain an insight to the presence and loealization of desirable 

cnzyme~. 

- Secondly, to investigate the suhstrate specificities of their peptidase activities 

(amino-, di-, tri-, carboxy-peptidase etc.). 

- Finally, to study the characteristics of pure aminopeptidase preparations of strains 

selected from their superior peptidase profiles. 
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2 REVIEW OF LITERATURE 

2.1. Chemistry and Microbiology of cheese maturation 

2.1.1 Cheese, an overview 

ln simplest terms, cheese may be defined as a consolidated form of milk curd which 

may be consumed as such or after moderately or even extremely m()dificalion~ 

through the introduction of different microorganisms or additives and/or by aging 

(or cu ring or ripening) for varying periods of time (Vedamuthu & W:.t~ham. 19H3). 

In general practice, chee se is a generic na me given to a group of fcrmcnled-milk­

based products produced in at least 800 varietie~ throughout the world. m:.tny of 

which are similar, differing in shape, size, degree of ripcning, type of milk or 

condiments used, packaging and locality of its manufacture. 

With the exception of sorne soft cheese varieties, the production of a va~l Illajorily 

of cheeses can be subdivided into two well-defined pha~cs namcly, manufacture and 

ripening. Although the manufacturing protocob for indlvidual varictie" ditfcr in 

detail, the basic steps are common to mo~t varieties. The"e "tep" arc acidification, 

coagulation, dehydration (cutting the coagulum, cooking, :~tirnng. prc""ing ('le.), 

shaping (moulding and pressing), and salting (Fox, 1 qH7). The nature and the qualily 

of the finished cheese are determined to a large extent hy the van()lI~ manllfacluring 

steps. However, it is during the ripening pha"e that the charaClcri"tic flavor and 

texture of the individu al chee~e varietie~ devclop, primanly, through the actlol1 of 

its microflora and their enzyme~. 
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Cheese ripening refers to the storage of cheese under controlled conditions of time, 

temperature and humidity, dùring which various physical, chemical and 

microhiological changes transform the fresh, tasteless and rubbery curds of different 

chee se varieties to smooth textured, finished products with the characteristic f1avors. 

Biochemically, cheese f1avor production is a dynamic process and repre!:-lents a finely 

orchestrated series of successive and concomitant biochemical events over a period 

of time which in tune leads to products with highly oesirable aromas and flavors, but 

if out of balance, off-f1avors and odors result. 

It is impossible to review the biochemistry involved in the ripening of ail individual 

cheese varieties. However, it is generally accepted that both texture and flavor are 

influcnccd hy the type and extent of lactose metabolism, proteolysis and lipolysis 

catalysed by coagulant and hacterial and milk enzymes. The type and rate of these 

and other enzyma1ic and nonenzymatic reactions (responsible for flavor 

development) de pend upon the composition and micro-environment within the 

product (Adda et al, 1982). The texture depends mainly on the mannl!r in which 

casein cougulates and the extent of proteolysis and the f1avor is determined primarily 

hy the pathways of degradation of lactose, protein and fat. 

2.1.2. 8iochemistry of navor ge'leration 

The Oanish poet and Nobel Laureate Johannes Jensen (1921) once proclaimed that 

the flavor of cheese reminded him of decay and smouldering erotic passion. 

Scienti!'>ts have tried 10 describe the f1avor of cheese in more prosaic terms. Their 

efforts have been summarized in a number of reviews (Langsrud & Reinbold, 1973; 

McGugan, 1975; Adda et al, 1978 & 1982; Law, 1980, 1981 & 1982; Aston & Dulley, 
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1982; Cuer, 1982; Green & Manning, 1<)82). From a food ch~mi~t' ... pl.'r~pcl,tiw, 

cheese flavor is a blend of numerous compollnds mainly dCflved l'rom col1twlkd 

slow hydrolysis and decomposition of principle milk con~titucnh ... llch a ... fat, pwtcill 

and lactose, by the enzymes pre~ent in milk, coagulant and of ~tartcr a ... wcll a ... nOIl­

starter hacteria. Over 180 compound!l have heen Isolated and idcntiflcd !tom 

Cheddar and over 125 from Swiss cheese, yet few of them characteri/c tht' typic.'al 

flavor of the particular cheese (Moskowitz & Noelck, I<)Hh). 

A great deal of research, on identification of importai" tlavor compolllllb, 

mechanisms by which these compounds are produccd in chcc~c, and ~y~tclm to 

control and accelerate flavor development, hus heen devotcd in thc la"t ~5 year~ 

(Fryer, 1969; Wong, 1974; Manning, 1979; Aston & Creamcr, 19H6; Barlow ('[ al, 

1989). However, the precise nature of complex enzymatic and noncll.Ivmatic 

reactions during cheese maturation leading to cheese flavor COIT1!lOund", and thc way 

in which their relative rates are controlled is ponr\y under ... tood. Rccognitlon 01 the 

fact that vast number of compounds in chee!le could influencc chee~c IlavOf led to 

the component balance thenry (Mulder, 1952). Thi~ theory "ugge"t" thc prc"cncc of 

a background flavor common to most cheese varieties, and the ~peciflc varictal f1avor 

results from a blend of specific components in proper proporti()n~. 

Much of the research on cheese f1avor ha~ heen directcd in two pnncipal d" cet ion ... : 

(a) the chemical Ï!lolation and identification of compound" which cOll",itutc Ilavor, 

and (h) the microhiological amI hiochemical agents, and the mechalll ... lm capahle of 

producing su ch compounds. Sensitive (Jnalytical method" ~llch <1" ga ... chromatography 

and mass spectrometry have led to the i~olation and idcntificatl<ln of a largc Illl/llhcr 

of compounds sllch a~ ketones, aldehydes, alcohob, fatty aCld" and volatllc "ulfllr 

compounds which could contrihute to Cheddar flavor (Fryer, 19{j(); Llehlch ('[ al, 

1970; Adda et al, 1982; Aston & Dulley, 1982; Law, 19H2). Ifowcvcr, attclllpt.., tu 
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rcproduce Cheddar flavor hy comhining defined components have failed so far (Law, 

19X4). Recent studies on flavor chemistry are mainly focu~ed on separate fractions 

of chcc~c flavor di~tillates which contain greatly reduced numher of potential f1avor 

compollnd~ and yet contain the Cheddar f1avor and aroma. Head ~pace and distillate 

analy~cs has indicated the pre~ence of protein hased volatile ~ulfur compounds such 

a!'. hydrogen sulfide, methanethiol and dimethyl sulfide as predominant components 

of Cheddar flavor (McGugan et al, 1979; Green & Manning, 1982). In ail cases, the 

formation of -SH group at low redox potential has been related to the development 

of dc~irahlc Cheddar flavor (Law, 1987). 

There ha!'. heen considerahle iflterest in accelerating flavor deve)opment as a means 

of reducing cheese curing cost. Kristofferson et al (1967), Law (1979) and Harper 

and Wang (1980) have investigated cheese slurries as a means of producing flavor 

more cfficiently. A water-cheese slufl-y is formed and held under careflilly controlled 

condition~ at 30°C for 7 days (Chapman & Sharpe, 1981). Such ~Iurrie~ when added 

ln curtb, re~l1lt in more flavor development. Although many worker!'. have hecn ahle 

to lI~e ~Iurried curd 10 accelerate cheese ripening (Dulley, 1( 76) and to prodllce 

inlcn~c cheese f1avor~ (Sood & Ko~ikowski, 1979), the mechanism oy which flavor 

i~ so quickly produced ha~ remained unc1ear. Besides, the proce~s is abo difficult to 

control. Microencapsulation of enzymes and substrates to produce chee~e f1avor 

comp()lInd~ al~o has heen suggested as a means of intensifying and directing cheese 

tlavor dcvclopment (Braun et al, 1982; Braun & OIson, 1986; Kirhy (!( al, 1<)87). By 

thi~ tcd1l1iql1e, the sl1h~trates and enzymes are packed in hydrophohic cap~l1Je~ which 

en~llrc thcir hotnogeneous mixing in cheese matnx and allow a greater control on 

tlavor intcnsity. 

2.1.2.1. Innuence of lactose hydrolysis 



Changes in lactose occur largely during the cheesemaking procc~~ and the inillal 

stages of ripening, as most of the lactose disappears withlll J day" (Fm. 1l)~7) 

Lactose metaholism has less ohvious hut important errect on the cour ... e ot dll'C!'Il' 

maturation. Lactic acid has a ~tabi1izing cffect due 10 1I!'1 anuhacterial propcrtie!'l 

(Babel, 1977) and also lowers the redox potential anù plI of chee ... c. 'l'lm CINlre'" 

that enzymatic reactions proceeù slowly, over long ~toragc tIl11e ... , tu develop full 

f1avor, while inhibiting the growth of unùe~irahle organi~l1l~ ~lIch a ... ((}/i (/l'wg('//('\ 

group. Low redox potential also ensure~ that tlavorflll ~ulflll compound:--. havlllg 

characteristic Cheddar f1avor, remain in reùllccd form (Law, ll/X4). 

The fermentation of residual lactose in fre~hly-pres~eù chee~e curd hy ... ec()ndalY 

lactic aciù bacteria (Iactobacilli, pediococci) ha~ heen directly rc\ated to the quality 

of Cheddar chee~e (Fryer, 1982). However, heterofermentation of lact()~e hy certain 

species of these organbms has been implicateù in the ùevelopment of 1Illde~irahle 

f1avors and other defects in matured chee~es (Thoma~ el al, 1(79). 

2.1.2.2. Role of Lipolysis 

The role of fat is important in the perception and formation of tlavor. It ha~ been 

well documented that skim milk cheese~ lack the typical f1avor, a ... tlH:y have 

considerably fewer free fauy acid~ (FFA) than normal chcl' ... e ... (McC illgan, 1 %3; 

Ohren & Tuckey, 1965: Dulley & Grieve, 1974; A~t(}n & Dullcy, 19X2) The typical 

aroma of Cheddar chl'c~e develop~ only whcll fat content 1 ... at lea ... t 4()-)()f!Î on dry 

basis (Fox, 1987). Patton (1963) fir~t cJaimcù that volatile fatty aCld.., (C-('") were the 

backbone of Cheddar aroma. However, Manning and Price (1(77) ..,llOwed that 

removal of volatile fatty acid~ from Chedùar chce~c heaù ... pace dld not affect It~ 

aroma at ail, anù conc\uded that the~e aciù~ were only important in the hackground 
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laMe of the checse. Reviews on cheese flavor by Harper (1959) and Day (1966) have 

highlighled the importance of lipolytic release of fatty acids in the development of 

flavor in aged cheeses. SchormulJer (196X) have summarized free fatty acid 

concentrations of various chee ses. 

1 -ipolytic activity indigenous to the milk or that produced by lactic acid bacteria or 

hy p~ychrotrophic bacteria may ail contrihute to hydrolysis of milk triglycerides and 

~lIh~clJuent release of free t'atty acids (Fryer, 1969; Reiter & Sharpe, 1971; Law et 

al, 1976a; Law, 1979). Since lactic starter lipases seem to be active mainly on mono­

and di-glycerides (Stadhouder & Veringer, 1973), milk triglycerides are first degraded 

hy native lipases of milk as weil as lipases of adventitious microflora of raw milk 

(Reiter & Sharpe, 1971) during storage and processing of milk. Exces~ive lipolysis 

hy native and microhial lipases during prolonged storage has heen implicated in 

rancid and other off flavors in Cheddar cheese (Law et al, 1976b; Law, 1')82; Law 

& Wigmore, 19X5). 

The role of )i~()lysis and importance of free fatty acids in flavor development is weIl 

acccpted In case nf mould ripened soft cheeses such as Romano, Parmasen and Blue 

ve:l1ed cheese (Moskowitz, 1980). However, the effeet of lipolysis is diffieult tn assess 

in most hard and semi-hard varieties which rely on their lactic flOTa for f1avor 

development as these organism~ are capahle of onJy Jimited lipid hydroJysis 

(Stadhouder~ & Veringer, 1973; Umemoto & Sato, 1975; Paulsen et al, 19LO). 

Stlldie~ on Cheddar cheese indicate that fatty acids liberated during ripening are 

furtller dcgraded to short chain fatty acids like butyric, caproie, caprylie and eapric 

acid. The!'le fatty acid~ may fllrther be hydroJysed to methyl ketone~ by oxidative 

dccarboxylation. Esterification of short chain fatty acids with methanethiol (normally 

prc!'Ient in cheese as a degrauation prodllct of methionine) by seeondary cheese 

microtlora (laetohacilli and pediococci) durillg late ripening stages generates thio-
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esters with cheesy aroma (Law, 1984). Other fat derived tlavor compou nd:-. t hat an.' 

implicated in Cheddar flavor induded lactones. A!though lact,mcs haw hl'cn ~hO\vn 

ta improve blue cheese flavor (Jolley & Ko~ikowski, 197:i), tIleir contnbution to 

Cheddar flavor is less clear due to their low concentration (bdow thrc ... hold \cvcl) 

in matured cheese (Wong et al, 1975). 

Characterization of unique properties (l'" various lipolytic cnzymc~, and recognition 

of flavor potendal of milkfat have led to the development of numcrou:-. app\icati()n~ 

of controlled lipolysis for flavor development. Consequcntly many patellt~ invo\ving 

the application of various lipolytic enzymes for specifie procc~~c~ have hccn i"'~lIcd 

(Fukumoto, 1971; Kraftco Corp .. 1971; Roherts & Kraftco Corp, 1971 & 1(72). Abo 

a number of commercial lipolytic enzyme preparation" and lipoly~ed prodllct~ arc 

currently being marketed (Arnold et al, 1974). 

2.1.2.3. Role of Proteolysis 

Vakaleris and Priee (1959) found that the degree of chec~e npelllllg could he 

assessed by measuring the tyrosine content. With mo~t of whey protcil1~ lo.,t with 

cheese-whey during cheesemaking process, proteoly~i~ in chce~e ripcning i ... mainly 

confined ta the dcgradation of casein, the principal milk protcin. Protc(Jlytic c1cavage 

of casein forms peptone~ and peptides, which are further hrokcn down 10 :tmino 

acids. The formatIOn of amino acids commences during chcec.,cmaking and cl)nlif1l1c~ 

during cheese iipening. Eighteen differellt amll10 acid., have hcen rcportcd (Wong, 

1974). Peptone~, peptides, amine> acids alongwith other derivcd protcolytic prodlll"t~ 

as a result of dearnination, transamination, decarhoxylation etc. have hccn found in 

different cheeses, giving each cheese its ~pecific flavor (flemme ('t al, 19H2; Irvinc 

& Hill, 1985). 
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Proteolysis contributes to cheese ripening in many ways: 1) by a direct contribution 

to taste and flavor via formation of arnino acids and peptides, sorne of which rnay 

cause off flavors such as bitterness (Lowrie & Lowrence, 1972; Lowrie, 1977; Visser 

et al, 1983). It also indirectly contributes to cheese flavor and texture development 

via catabolism of amino acids to amines, acids, thioesters etc. (Kristofferson & OIson, 

1955; Law, 1987).2) by change in pH via formation of ammonia, and 3) by changes 

in texture from breakdown of protein network, increase in pH and greater water 

binding by newly formed amino and carboxyl groups (Lawrence et al, 1987). 

Although the ripening of sorne soft and semi-soft varieties (e.g. Blue and Romano) 

is dominated by lipolytic reactions, proteolysis is more or less important in aB 

varieties. In case of Cheddar and Dutch type cheeses, proteolysis is regarded the 

principal biochernical pathway for their characteristic flavor (Fox, 1989). 

Consequently, many authors have related the intensity of Cheddar cheese flavor and 

the dcgree of cheese ripening with the rate and type of proteolysis as weil as with 

the concentration of proteolytic products and byproducts (Wong, 1974; Ney, 1981; 

Aston e[ al, 1983a & b). Besides, considerable information has been compiled in 

many recent reviews on the level and type of proteolysis in principal cheese groups 

(Ca!\therg & Morris, 1976; Desmazeaud & Gripon, 1977; Grappin et al, 1985; Rank 

et al. 1985 ; Law, 1987). 

2.2 Proteolytic agents in cheese 

Fox (1989) distinguished three categories of proteolytic agents that are involved in 

the ripcning of cheese: 1) rennet or rennet substitutes (i.e. chymosin, pepsin, or 

microhial proteinases. 2) indigenous milk proteinases (particularly important in raw 

milk cheeses), and 3) enzymes from chee se microflora. 



,.-
12 

2.2.1. Rlimnet or rennet substitutes 

Although the prime function of chymosin and other rennets is to initiate the 

formation of milk gel, about 5-6% of the rennet added to cheesemilk is rctained in 

the curd (Fox, 1989). Since most of the rennets used are highly hond specule, thcy 

result in low level of proteolysis, but contribute significantly in relca~ing large 

peptides (> 1400 molecular weight) which are easy targets of microhial protcinascs 

and peptidases. The proteolytic specificities of chymosins and pepsins on individuul 

caseins (as, B & 'Y) in solution and in cheese have heen e~tahli~hcu and i~ 

documented in many recent reviews and books (Desmazeaud & Gripoll, 1977; 

Grappin et al, 1985; Thomas & Pritchard, 1987; Fox, 19H9). 

2.2.2. Indigenous milk proteinases 

Cow's milk contains many indigenous proteinases as weil as microhial proteinasc!I 

secreted by its microflora (Humbert & Alais, 1979; Law, 1979; Vi~!lcr, 19HI; 

Grufferty & Fox, 198H). Plasmin, the principal milk proteinase i!l almost exclll~ively 

associated with the casein micelles (Humbert & Alai!l, 1 (79), and i~ thcrcforc 

present in rennet chee se curd. It is an alkaline and heahtahle !lcrinc protcina~e 

which appears to contribute to the breakdown of B-ca~ein in surface ripcned chec!le 

(Trieu-Cuot & Gripon, 1982; Grappin et al. 1985). Milk also cOlltain~ acid anu 

neutral proteinases and aminopeptidases which are relatively heat-Jahile 

(Kaminogawa et al, 1980). Many of the characteristics of milk proteina~c~ have heen 

reviewed recently by Fox (1989). 

Microbial proteinases in raw milk are mainly derived from it!l p~ychrotrophic 
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rnicroflo: a. As they multiply during storage, they produce heat-resistant proteinases 

and lipases which survive high temperature short time (HTST) pasteurization and 

rnay adversely influence the manufacture (Iower cheese yield) and ripening 

(hitterness and soapiness) of sorne cheese varieties. Most proteinases of this c1ass are 

neutral or alkaline metallo-proteinases requiring divalent cations for activity and 

stahility (Law, 1979). Detailed specificities and their influence on cheese flavor have 

recently heen reviewed (Fairbairn & Law, 1986). 

2.2.3. Role of cheese micronora 

The absence of any Cheddar flavor in aseptically produced glucuno-cS-lactone 

acidified cheese, and the development of typicaJ balanced f1avor in "starter added" 

cheese, indicated that starter has a definitive role in the development of chee se 

f1avor (Reiter et al, 1966 et 1967; O'Keeffe et al, 1976). Initial research by workers 

of New Zealand and England (Llwrie et al, 1974; Law & Sharpe, 1977; Law, 1981) 

introduced the concept of indirect contribution of microorganisms to the production 

of flavor compounds. They felt that the main role of starter and nonstarter bacteria 

was Iimited merely to providing a suitable environment such as the reqllired redox 

po!cntial, pH and moisture content in cheese that allows enzymatic reactions to 

proceed favorably. However, it se/~ms more reasonable at this stage to assume that 

lipolytic and proteolytic enzymes of both viable and dead cells are involved in chee se 

maturation, and hence significantly contribute to final sensory attributes of finished 

chceses. 

Currently, lactic acid bacteria are be1ieved to serve the following functions in cheese 

manllfacturing and maturation, that directly or indirectly influence chee se flavor: 1) 

fermentation and depletion of fermentable su gars which control growth and 
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composition of adventitious bacteria; 2) creating a low oxidation reductioll potcntial 

during early stages of cheese maturation; 3) competition and syncrgi~11l with 

adventitious bacteria during cheese manufacturing and early ~tage~ of maturation; 

4) protein hydrolysis; and 5) synthesis of flavor compounds (Oison, 1<)90). During the 

past few years, severa! general reviews and books have hecn written on the role of 

chee se starter bacteria (Law, 1984; Karnaly & Marth, 19H9). 

Microorganisms involved in cheese manufacture and ripening are conventionally 

divided into two groups, namely starter flora and nOllstartcr or advcntitioll~ nOTa. 

While starter bacteria are deliberately added to cheesemilk for acidity dcvc\opment 

and to bring about other desirable changes, nonstarter hacteria (l'.g. lactohacilli, 

pediococci, and micro cocci etc.) mainly gain access to the pa~tell rizcd chec~cmil k or 

curd through environrnent and equipments. 

2.2.3.1. Starter bacteria 

Because of their key role in Cheddar cheese production, from fermentation through 

ripening, the lactic streptococci are commonly referred a~ the "primary" Chcd<.lar 

cheese microflora. Most of these strains are homofermcntative, producillg 1,( + ) 

lactic acid from lactose metabolism. The mesophilic group N "treptococci, ~lIch a~ 

Laetoeoccus laetis (Le. lactis) and Le. lactis !,."p. diacctylacti.\, amI thcrmopilic l,c. 

sa/ivarius ssp. tlzermoplzilus strains are the primary ~train" lI~cd in Chcd<.lar 

cheesemaking. However, sorne heterofermel1tative leuconostoc~ are oftcn lI~c<.l In 

starter cultures for their aroma-prodllcing prc·perties. 

Today, starter bacteria in cheesemaking refer to careflllly ~clcctcd microorgani~l11~ 

that are deliberately added to rnilk or cream to initiate and carry through the de~i rcd 

cheese fermentation. Starters are now added not only to hring ~pccilïc changc~ to 
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improve rheological and organoleptic characteristics of the final product, but also to 

acce/erate cheese maturation. 

The primary function of starter bacteria is acid production which has secondary 

effects in coagulation, expulsion of whey, texture formation, initiation of taste and 

flavor generation, and providing protection against pathogens and longer shelf 

stahility (Vedamuthu & Washam, 1983). In commercial practice the lactococci are 

often used as comhined cultures. While Le. lactis ssp. lactis and Le. lœ:tis ssp cremoris 

are used primarily for acid production, Le. lactis ssp. diacelylaetis and Leuconostoe 

spp. are used to provide aroma (e.g. cottage cheese, cream cheese) or to produce 

CO~ giving desired open texture for mould growth (e.g. Stilton) or eye formation (e.g. 

Gouda). Le. lactis ssp. diacetylaetis is used as acid producer in cheeses requiring high 

cooking temperalures (Sandine et al, 1972; Law & Sharpe, 1978) 

2.2.3.2. Nonstarter bacteria 

Non-starter microflora is the term used to refer to microorganisms that gain access 

ln the cheese vat accidentally and are retained in the cheese. Reiter et al (1967) 

suggested that non-starter microflora of Cheddar cheese, comprised of heat resistant 

hacteria of raw milk (surviving pasteurization) and post-pa~teurization contaminants 

fmm the creamery environment, also contribute to ripening. Although widely 

variahle, the non-starter lactic acid bacteria (NSLAB) population consists primarily 

of Laclohacil/us spp. (Lh. case;, Lb. plantarum and Lb. brevis), and to a lesser extent, 

species of pediococci and micrococci (Fryer, 1969; Reiter & Sharpe, 1971; Chapman 

& Sharpe, 1981). Since the starter lactococci die out during the early ripening period, 

the nOIHtarter lactic acid hacteria are the dominant flora in the cheese for the 

grcater part of its storage life (Law, 1980; Chapman & Sharpe, 1981; Thoma~, 1986) . 
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These microorganisms and their enzymes, therefore, contrihute significantly ln tlw 

maturation of cheeses. 

As early as 1892, it was reported that "Bacillus acid lactici" was thc predominant 

bacterium in English Cheddar cheese, and based on limited cheese triah., appcared 

to be responsible for the changes which occurred during maturation (Fryer, 19(9). 

Additional reports by Evans and his group (1914) on the microhial cOl11po~ition of 

Cheddar cheese indicated that Cheddar microflora c()mi~ted 01 lactococd, 

lactobacilli and micrococci. I-Iucker (1922) studied the relation~hip of chec~c 

microflora with quality of 39 commercial Cheddar cheese ~amplc~ t'rom 25 factoric~ 

and reported t!1at the flora in poorer grades was compmed largcly of ~pore forll1cr~ 

and gram-negative rods, whereas the better quality chee~e~ contained, prilllarily, 

lactobacilli. Since then, a great amount of research work ha~ heen devotcd to 

lactobacilli, particularly on their impact on Cheddar flavor. 

2.3 Role of lactobacilli in cheese ripening 

2.3.1. Lactobacilli, an overview 

Lactobacilli are Gram-positive, nonsporing, me~ophilic, rod shaped ccll~ which ~hare 

the unique characteristic of utilizing lactGse as carbon ~Ollrce. Ba~ed Oll thcir mode 

of lactose fermentation, the gemls Lactobacillus is divi<.ied in to thr cc grou p~ (Kandler 

& Weiss, 1986). Group 1 constitutes obligate homofermenter" .,uch a~ LI>. (klhrtU'ckii, 

Lb. acidophilus and Lh. Izelveticus. Sorne strains of Lh. delhrueckii (~~p. [ucti.\ and ~~p, 

hulgaricus) are unable to ferment galactose (gal-) resulting in the acculllulatioll of 

galactose in sorne hacterial ripened chee~es (Tu rner & Mortlcy, 1 WD). The 

accumulated galactose acts as an energy ~ollrce for lJnlk~irablc ~tartcr hacteria 

• 
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causing potential off-flavors and late gassing. The presence of galactose is also a 

cau~e of digestive disorders in sorne lactose intolerant consurners (AI ms, 1982; 

Hout~, 1(88). Group II is represented hy Lb. casei and Lb. plantarum which are 

characterized as facultative heterofermenters. In ail types of cheeses with ripening 

perim) longer than 14 days, mesophilic lactobacilli (Lb. casei, Lb. plantarum, Lb. 

hrevis etc.) originating from milk or the dairy environments, reach levels as high as 

lO('_lOHjg during ripening (Naylor & Sharpe, 1958a & h). 8ased on DNAjDNA 

homology and physiological characteristics, Lb. casei has been further suhdivided into 

four ~lIh~pecies; ssp. case;, ssp. pseudoplantanun, ssp. rlzamno.\us, and ssp. tolerans. 

IJroup III inc.ludc!ol obligate heterofermenters, gas forming lactohacilli (e.g. Lb. brevis 

& Lb. jermefltum), which are considered responsible for off-flavors and other defects 

in Cheddar chee se (Sherwood, 1939b; Marth, 1963; Laleye et al, 1989). 

MO!olt of Lactohacillus !oIpp. present in cheeses, being mesophiles are totally destroyed 

by high ternperature ~hort time (HTST) pasteurization of raw rnilk (Reiter et al, 

19(7). Bence, they reenter cheese mainly via post-pasteurization contamination, 

u~lIally through contact with air or equipment (Reiter & Sharpe, 1971; Thomas, 

1986, 1(87). 

2.3.2. Growth and predominance 

Sherwood (1939a) carrit;;d out detailed systematic studies on the bacterial flora of 

New Zealand Cheddar cheese and found that it consisted alrnost exclusively of Lb 

casei and Lb. plantanmz. Further experiments on Cheddar cheesemaking using pure 

and mixcd cultures of lactobacilli showed that more desirable flavor was obtained 

in chccses to which Lh. case; and Lb. plo ntaru m had been added. On the otrer hand, 

more off flavors. openness in texture, and discoloration was observed in cheeses 

containing Lb. brevis (Sherwood, 1939b). However, chceses appear to develop 
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atypical Cheddar flavor at higher counts of even desirahle strains. The optimum \cvcl 

of cell number appeared to be that present in raw milk (approximatdy 12 x \0' 

organismsjml). Sherwood's work also demonstrated that in ~OI11C in~taI1l..'c~, mixed 

cultures of lactobacilli produced better cheese and !oIugge~ted ~yl11hiotic clfcct~ in the 

mixed cultures. In a similar study, Franklin & Sharpe (1963) indicatcd that ~train~ 

of Lh. case; occurred most frequently in both experimcntaIly- ami cOl11l11crciaIly­

manufactured cheeses. 

Although these and other workers clearly establi~hed thc predominance of 

lactobacilli in nonstarter bacterial population of Ch~lklar chcc~c (Davl~, 19J5; 

Sherwood, 1937, 1939a & b; Johns & Cde~, 1959), their cnul11cration at variOlI', 

stages of cheese ripening was complicated for the lack of ~clcctiol1 mediulll for 

lactobacilli. The usual media supporting the growth of bolh lactococci and 

lactobacilli led to anomalous results, particularly at early ~tagc~ of ripening whcn 

lactococci were the predominant flora. Hence, many earlier report.., \ed lo the 

assumption that lactobacilli grew little until the lactococci ~larted to dccrca~e 111 

numher (Naylor & Sharpe, 1958a & c). Rogosa et at (19) 1) and De Manl'lul (19()() 

developed a medium that favoreo the growth of lactohacilli ov~r other lactic acid 

bacteria. Mahbit and Zielinska (1956) developed a selective mediulll (/,a( /ohacillll.\ 

selection agar), containing sodium acetate and acetic acid at level~ inhihitory 10 

starter lactococci. 

Using the selective medium, Naylor and Sharpe (195Xa) oh ... ervcd 10 10 10' 

lactohacillijg after 10 days and increasing 10 IO" to Hfjg al 20 day"', and rcaching 

a plateau between 107 and lOHjg at 60 days. In a separatc ~tlldy, they found 3x I(tjg 

at lRO days in cheese made from milk containing le~~ than 1 /.(1( (ohacillll,\jl11l and 

lQMjg at 15 days in cheese froP1 milk containing 200 lactohacIllijml (Naylor & 

Sharpe, 1958b). Among the lactobacilli, homofermentative type ... (J.h. ('(J\l'i and I.h. 
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plan/amm) present consistently throughout the ripening, were partially replaced by 

heterofermenters (Lh. brevis) during late ripening stages (Naylor & Sharpe, 1958a). 

J)avi~ (1935) recovered both Lb. plantarum and Lb. casei between 1 to 5 months of 

age, hut wa~ ahle to detect only Lb. case; beyond that point. Since then, many 

rcport~ indicating varying counts of lactobacilli during different stages of cheese 

maturation have been published (Dawson & Feagan, 1957; Johns & Coles, 1959; 

Chapman & Sharpe, 1981; Peterson et al, 1989). In a more reeent study, Laleye et 

al (19H9) reported that undesirable heterofermentative lactobacilli levels in late 

ripening stages can be control/ed by the intentional addition of homofermentative 

lactohaci Il i. 

It i~ now generally believed, that lactobacilli are the only lactic acid bacteria to 

increase significantly in number (> l07/g) under the selective conditions (Iow Eh, low 

pH, Iimited carbohydrates etc.) of Cheddar cheese maturation, except for the less 

frequcntly occurring pediococci. A number of physiological and biochemical studies 

indicate that lactobacilli may utilize metabolites such as lactate, amino adds, ribose, 

and N-acctyl amioc> sugars, as nutrient sourees more effectively than either the 

lactococci or other NSLAB (Fryer, 1969; Nath & Ledford, 1973; Thomas, 1986 & 

1(87), which may partly explain their dominance du ring ripening. 

2.3.3. Role of proteolj'tic enzymes of lactobacilli in cheese ripening 

Protcoly~is is of fundamental importance in the ripening of cheese both in the 

positive and negative sense. Various aspects of this subject have been extensively 

rcvicwcd. e.g. f1avor (Law, 1(84) and especially bitterness development (Visser, 1981; 

UlW & Kolstad, 1983; Stadhouders et al, 1983), texture development (Lawrence et 

al, l(87) and accelerated ripening (Law, 1984). 
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The role of proteolytic enzymes of starter and nonstarter hactcria ùoc!o. not end \Vith 

the cessation of bacterial growth. These enzymes, along with the rennet addcd a~ 

coagulant and with indigenous milk enzymes continue 10 art during chL'L'~e ripening 

on diffe.ent milk components. The complex nature of thc~c ",imllltaI1C(}lI~ multiple 

reactions makes the proteolytic pathway~ difficuIt to dcfine. Ilowcwr, the rclativc 

roles of the different proteolytic agent~ in Cheddar cheese ha!o. hecn partially dcflllcd 

(O'Keefe et al, 1976 & 1978; Visser, 1977 & 1981; Law, 1(84). 

Most of the studies on the proteolytic systems of lactobacilli indicatc that thc~c 

strains possess weak proteinases and lipa~es, but have ~trong pcptida~c and c~tera~c 

activities (Lee et al, 1986; Arora et al, 1990). Inve~tigation~ whcrc Cheddar wa", madc 

using lactobacilli cells or their ccII free extracts showed that protca~c~ 1I1hcrcllt (0 

lactobacilli were responsible for increased levels of small pcptidc~ amI frce all111lO 

acids (Lloyd et al, 1980; Lee et al, 1990b) which are con~idcrcd important in 

Cheddar cheese flavor (McGugan et al, 1979; Aston & Crcamcr, 1(86). Lactohacilli 

proteolysis thus contributes significantly to f1avor developmcnt. 

Casein molecules contain a high proportion of hydrophobic rcsidllc~ (e.g. IClIcyl, 

prolyl, phenyl-alanyl) sa that their hydroly~ate~ havc a marked propen..,lty to 

biUerne!ls (Sullivan & Jago, 1972). When the concentration of biu{'r peptidc", in 

cheese exceeds the taste threshold a bitternes~ defect is detcctcd (Vi~~cr ('f al, 1 WU). 

The level of bitter peptides depends on their rate of formation (which II1v{)lvc~ 

primarily rennet and ~ome other proteinases) relative to thcir ratc of degradation 

(which mainly involves starter and nonstarter peptida~e~). Pcptide accumulation and 

bitterness 'vere first correlated during re~earch in Gouda chcc",e (Raadweld, 1(53) 

and later, with Cheddar chee se (Harwalkar & Elliot, 1965 & 1971; Ilamiiton (If al, 

1974) Ail strains of cheese associated lactohacilli ~howed the prc~encc of I)(;ptida~l!~ 

that are capable of degrading bitter peptides. l-Iowever, initial triab ll~ing lactobacilli 
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cells a~ adjunct starter produced conflicting results in terms of elimination of 

hitterness, leading tn the classification of strains into bitter or non-bitter lactobacilli 

(Lemieux et al, 1989). 

ln addition to the type, number and proteolytic ability of lactobacilli, there are 

number of other factors which influence the rate of starter proteolysis in cheese. 

Thesc include the stahility of starter enzymes (Cliff & Law, 1979), the salt-in­

moÎ!o.tllre level (Stadhouders et al, 1983; Lawrence et al, 1987) and the ripening 

tempcratllre (Stadhouders & Hup, 1975). In Cheddar and similar hard cheeses 

proteolY!o.is is slow, and hence, Iimits the rate of maturation. As discussed before, 

lactobacilli pO!o.sess higher concentrations of desirable proteolytic enzymes, and are 

able 10 grow during the selective conditions of chee se ripening. Therefore, various 

su ccc!o.sfu 1 attempts have been made to reduce the ripening period by the addition 

of selected lactobacilli cells (Laleye, 1986; Puchades et al, 1989; Lee et al, 1990b) or 

hy direct addition of free enzymes having specifie roles (El Soda et al, 1981a & 1982; 

Barach & Talbot, 19H5). Recent studies on sùbjecting whole celb to sublethal 

conditions (freeze-shock and heat-shock) showed enhanced proteolytic ability in 

lactohacilli strains (Ahdel Baky et al, 19H6; Frey et al, 19860; Ardo & Petterson, 

1(88). lIowever, future strategies for accelerated ripening may involve genetic 

manipulation of lactobacilli strains to increase the expression of rate-limiting 

proteolytic enzymes (Gasson & Oavies, 1984). 

One of the major prohlem associated with the addition of enzymes to cheesemilk is 

thcir considerable sub!'lequent lo!o.s in cheese-whey. A promi~ing system, involving the 

U!o.C of liposorne-encap!lulated enzymes (commercial proteinase and starter 

pcptida!o.cs) has heen shown to reduce the ripening time to half (Braun et al, 1982; 

Piard!'! al, 19R6; Kirhy et al, 1987). The action of these enzymes in cheese will not 

he limited by the availability of substrate. 
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2.4. Lactobacilli as adjunct cultures 

Early studies on cheese maturation mierohiology c1earl~ demon!-.trated the dominance 

of laetohacilli at a later stage of cheese ripening, leading lO the general l'ondu"ion 

that in order to produce full Cheddar f1avor it is es~cntial to cn..,ure œrtain Icvcl~ 

of NSLAB (non-starter lactic acid haeteria) during ehee~emaking. Howevcr, the mie 

played hy lactohacilli in Cheddar chee~e f1avor developmcnt wa~ not l'ully 

understood, and many studies had heen conducted in the pa~t. utiliï'ing NSI.AB a!-. 

adjuncts to the staiter lactococci. to enhance cheese f1avor (Law et al, 197(la; Rahic 

et al, 1986). 

As early as 1939, Lane and Hammer inoculated pasteurized milk with eight (llfterent 

strains of Lh. casei plus a laetie starter and followed chemical and ~CIN)ry change~ 

in eheese. Six of the eight strains brought about more and extcn..,ive protein 

deeomposition than occurred in control ehee~e. Flavor sc()re~ of chee~e~ made twm 

pasteurized milk inoculated with Lh. casei were generally more unifofm and higher 

than those of control cheeses. Improvement in f1avor of Cheddar made l'rom mil"­

inoculated with Lb. casei were also noted hy Sherwood (19J9h). In a "i milar ~llIdy 

McDonald (1945) reported more pronounccd improvement~ in tlavor wlwll the 

culture was added directly to cheese curd rather than chce ... emilk. 

At 4 months of age, cheese inoculated with Lh. ca.\ei ~howcd frcc amino acid levcb 

similar to the control eheese (Bullock & Irvine, 1956). Ilowcvcr. hy H.) 111011111 .... a 

higher level of free amin<> acid~ was detected in the inoculated chcc"c. Tit ... lcr ('{ al 

(1947 & 1948) eompared the effect of three Lactohacillu\ "'pp. addcd to chcc:--cmilk 

on its quality. They noted that the cheese produced from inoculatcd I,h. ('wei wa~ 

• 
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gcncrally more acid, and had higher flavor score but a poor body. However, Lb. 

plantanun inoculated cheese showed improvement in flavor without concurrent 

increase in the acidity. On the other haml, Cheesemilk inoculated with Lb. brevis 

re~ulted in poor quality cheese and developed objectionable flavors. Similar results 

wcre also reported by Decre (1953). Evaluation of cheesemaking trials in which 

viahle ~train~ of thermophilic lactobacilli (Lb. delbrueckii ~sp, lm 19ariclis , Lb. 

helvetiC/I.\, Lh. delbrueckii ssp. lactis, and Lb. fermentunz) were added to the 

chcc~cmilk indicated that these species contributed \ittle to the natural devel0pment 

of Cheddar cheese f1avor. While sorne !ltrains failed to grow under ripening 

conditions, others produced off-flavors and gassiness (Tittsler et al, 1947 & 1948; 

Lloyd el al, 1 ')80). 

Johns and Cole (1959) investigated the effects of adding lactobacilli to the 

pa~tellrized cheesemilk at varying rate of inoculation. After 6 months and one year 

of ripening, chee~e made from factory raw miIk or from the same milk pasteurized 

and inoculated with luctobacilli showed enhanced Cheddar f1avor over the cheese 

made from pasteurized milk only. The conclusion drawn was that f1avor intensity 

corrclated with ll11mhers of lactobacilli present at the start of cheesemaking and at 

~lIh~eqllent ~lages of ripening. 

ln another stlldy on the use of lactobacilIi to accelerate maturation of Cheddar 

chec~c, PlIchades et al (1989) and Lee et al (1990a & b) noted that amine> acid 

concentrations were higher in experimental cheeses than the control during the first 

four months of maturation. The f1avor intensity was the highest in cheese in which 

a ~trai n of L(lcloharil!us casei was added. Kowaleska et al (1985) isolated a number 

of aroma bearing compollnds in cultures of Lb. helveticus which were al"o detected 

in aromatic extracts from Swiss, Cheddar and Parmesan cheeses. 



. , 

24 

Many other researchers have suggested a generally positive erfect of lactobacilli in 

terms of improved f1avor (Kristofferson et al, 1967; Law et lIl, 1976a), il1clca~ed 

proteolysis (Di ralma et al, 1987), reduction of redox potential (Hickcy et III 19X3), 

and the production of sulfide and methionine rich f1avor colllpollnd~ (Green & 

Manning, 1982). However, the effeet was not consistently oh~ervcd in many othcl 

reports. For example, Mabbit et al (1955), in an attempt to generate more typical 

f1avor in non-starter cheese, added strains of Lh. ca\(!i and J.h. hf(,\'/,\ to acidiflcd 

cheesemilk. Although adjunct cultures grew relatively weil in the ripcning chl'c~c~, 

they invoked minimal improvement in chee~e f1avor. The author speculated that lad~ 

of f1avor development was related to pre~ence of eomparativcly high qllantitic~ of 

lactose in the matllring cheese. The laetohacilli prcsumahly utili/cd lact()~c 111 

preference to carbon source~ normally metabolised in the ab~cncc 01 la('t(l~e. 

Most of the earlier work was confined to stlldies of the role of lactohacilli toward~ 

flavor development. However, variations in the result~ were oh~erved in '.OIllC stlldie~ 

beeause strains were seleeted from the quality charaeteri~tlcs of chec~e rather t han 

being selected based on physiologieal charaeteristics. Stlldic~ in the la~t decade have 

therefore focused more on enzymes (El Soda et al, 19X5; f'rcy et al, 19X(la; Aho­

Elanga & Plapp, 1987; Peterson et al, 1989; Arora & Lee, 19(0), gCllctlC '.y~tcrn~ 

(Lee-Wickner & Chassy, 1985; Baldi & Warner, 1987; Kok &. Vcncrna, lOXX) li'. .vell 

as on their other positive attributes, suçh a~ acceleration of chce'.c m:llllratiol1 (El 

Soda et al, 1981a & 1982; Ahdel-baky et al, 1986; Frey et al, 19Xhh; i\rdo & 

Pettersson, 1988; Vafopoulou et al, 1989), and removal of certain chcc~e dcfcCb 

(I..aleye et al, 1989; Lemieux et al, 1(89). The informatiol1 gcneratcd through 

enzymology and genetic ~tudies has been fllrther used to improvc certain trail'. of 

NSLAB (Scheirlinck et al, 1989; Vos et al, 19(0) . 
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2.5. Proteolytic systems of lactobacilli 

Numerous amino acids are either stimulatory or essential for the growth of lactic 

acid hacteria. Lactobacilti have been considered as having the most extensive amino 

acid requi.ement of the lactic acid bacteria (Morishita et al, 1981). It has been 

!-'hown that at least one spedes of lactobacilli, Lb. casei, can actively transport amino 

acids and peptides ac! oss the cell membrane into the cell (Leach & Snell, 1960). The 

native concentration of free amino acids and low molecular weight peptides is low 

in milk, and is rapidly consumed by the starter lactococci during Cheddar cheese 

manufacture (Mills & Thomas, 1980). However, both lactococci and lactobaciIli seem 

to possess a number of proteolytic enzymes which act in concert to hydrolyse milk 

protein~, to free amine) acids (Thomas et al, 1974; Exterkate, 1975; Mills & Thomas, 

197H). 

The proteolytk system of lactic acid bacteria is usua))y considered to possess two 

functionally distinct classes of enzymes - proteinases, which cataly~e the hydrolysis 

of native or denatured protein molecules, and peptidases, which further catalyse the 

degradation of the smaller peptides produced by proteinase action (Thomas & MiIls, 

1981; Law & Kolstad, 1983). 

2.5.1. l'roteinases 

Unlike rnany other Gram-positive bacteria (e.g. Bacillus, Proteus, Pseudomonas etc.), 

laetic streptococd and lactobacitli possess weak proteinases (Ducastelle & Lenoir, 

1969; l"<lw & Kolstad, ] 983; Geis et al, 1986), and apparently do not secrete 

signifieant levels of them into the growth medium (Thomas & MilIs, 1981; 

Bugenholtz et al, 1984 & 1987; Ezzat et al, 1985; Thomas & Prichard, 1987). 
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However, there is evidence that starter luctococci may also release OIlC or morc 

extracellular proteinases into the growth medium (Exterkate, 197h). In ~tlIl1ic~ of Le. 

lactis, at least four proteinases have been isolated, ail of \l'hich arc œil-wail 

associated (Law & Kolstad, 1983). 

Synthesis of cell-wall proteinases appears to be regulated hy amin<) acid~ or pcptide~ 

at the level of mRNA translation, such that low concentrations nf ca~cin dcrived 

ami no acids (CDAA) do not prevent proteinase synthesis. Moreovcr, (:cl1~ rcspollli 

to higher concentration of CDAA by reducing the rate of cnzyme ~ynthc~i~ 1I11tii the 

cclI has exhausted the external nitrogen source (Law & Kobtad, 1(83). Early rcporb 

of spontaneous loss of proteinase synthesis ability in lactococci sugge~tcd that the 

enzymes are plasmid encoded (Davies & Gas~on, 1981). The proteinase gcnc has 

been mapped on a 33 M dalton plasmid of Le. laetis 712 (Ga!.~on, 1(83) and on a 

17.5 M dalton plasmid in Le. laetis ssp. cremorÎs Wg2 (Kok et al, 1(85). 

Proteinase systems of lactobacilli, howevtr, have not receivcd thc amount of rc!'!carch 

attention as the lactococci. Searle et al (1970) fir~t reported that lactohacil1i prohahly 

have cell-wall bound proteinases as evidenced by the hydroly!'!i~ of mil"- protcin hy 

whole cell suspensions. Many further experiments with Lb. ca.\ei (Ncvialll ('1 al, 1984; 

El Soda et al, 1985 & 1986), Lb. plantarnm (El soda et al, 1(86), Lh. dclhrll('ckii !'!!'!p. 

bulgarieus (Argyle et al, 1976; Chandan el al, 1982; Ezzat et al, 1(86), and J JJ. 

!zelvetieus (Vescovo & Betazzi, 1979; Ezzat et al, 1985; Zevaco & Gripol1, l<mS) have 

reconfirmed the presence of cell-wall associated proteiml!'!c!'!. 

Frey et al (1986a), while comparing the proteolytic efficicncy of diffcrcnt chcc~c­

associated 1 actobaci iii , found that Lb. casd exhihited proteolytic activity at only onc­

half the level of Lb. delbrneekii ~sp. bulgarieu.\ and one-thiro that of J.h. '1l'/!!('IÎcUJ. 

However, the growth and proteinase assay were carried out at highcr tcmpcraturc 
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(40 OC) than used for Lb. casei or related mesophiles. Hickey et al (1983) observed 

that species of Jactobacilli, including Lb. casei and Lb. plantamm were more 

proteolytic and released amino acids more rapidly from sodium caseinate than did 

two strains of Le. lactis ssp. cremoris, especially in combination with rennet 

treatment. More recent study on Lb. casei and Lb. plantamm showec that strains of 

both species possessed proteinases capable of hydrolysing Q~I- and B-casein. However, 

LA cu\'ei was found to exhibit significantly greater proteolytic activity than Lb. 

plantarum. It was also observed that cells grown on milk \Vere more proteolytic than 

the cells cultivated on MRS medium (El Soda et al, 1986). Thil-, suggests the 

probable existence of a regulatory mechanism for lactobacilli proteinase synthesis 

simiJar to that propo!led for lactococci (Exterkate, 1983). 

2.5.2. Peptidases 

Information on the peptidase activities of starter bacteria has been accumulating 

since the early 1970s and has been reviewed on several occasions (Thomas & MiIls, 

1981; Law & Kolstad, 1983; Van Boven & Koning, 1986; Thomas & Pritchard, 1987; 

Peterson & Marshall, 1989; OIson, 1990; Kok, 1990). The study of peptidases bas 

involved the isolation and biochemical cbaracterization of the (partiaHy) purified 

enzymes, and by now a number of different peptidase activities have been de~cribed. 

The location of peptidases. especially aminopeptidases in cells is controversial. Many 

of the published studies on peptidases in starter bacteria have involved disruption 

of cell suspensions by sonificaiion (Kaminogawa et al, 1984a), French press (Hickey 

et al, 19H3) or grinding (El Soda et al, 1978b; Ezzat et al, 1986). Peptidase activities 

of such preparation include intracellular peptidases plus those released from cell wall 

or ccII membrane by the disruption procedures used, thus making it difficult to 

* , 
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establish the exact location of these enzymes. However, attempt!o. have been made 

in thi~, regard by using more gentle techniques of ceIl fractionation, ~lIch as em'yme 

lysis (El Soda et al, 1978a; Exterkate, 19R4; Kolst'.d & Law, 19R5) or ~olvcnt 

extraction (Exterkate, 1984). Consequently, peptidases have heen dctcctcd in and 

is()laN~d from several subcellular fractions of starter lactic acid bactcria (Kol~tad & 

Law, 1985; Ezzat et al, 1986). 

Apart from the difficlllty in establishing the cellular location of particular pcptidasc 

activittes, the number of different peptidase enzymes in diffcrellt starter and non­

start(:r organisms is not yet known. Several attempts have been made to inV(.'~tigate 

the peptidase complexes by fractionation of cell extract~ llsing ion-cxchangc 

chromatography (El Soda et al, 1978b; Kaminogawa et al, 19R4h), gel filtration (Mou 

et al, 1975; El Soda et al, 1978b) or polyacrylamide electrophorc~i~ (El Soda & 

Desmazealld, 1982; Abo-Elanga & Plapp, 19R7), and then a~~aying lOf peptida~c 

acti'vity using a variety of sllhstrates. The exi!o.tence of a wide range of diffcrellt typc~ 

of peptidases - arninopeptidases, di- and tripeptidases, aryl-pcptldyl al11ida~c, 

aminopeptidase P, proline iminopeptidase, prolina!o.e and prolida!'.e, X-prolyl­

dipeptidyl aminopeptidases, endopeptidases, and carhoxypeptida~e!'. hm, hccn 

des(:ribed in literature cited. Most of the se enzymes have al!o.o hecn !o.hown 10 play 

a si:snificant role in peptide degradation during chee!o.e ripening. 

As with proteinases, peptidases of lactococci have been more widcly i Ilvc"tigatcd 

than those of lactobacillî. Mou et al (1975) detected five diffcrcnt pcptida~c~. ha~cd 

upon type of substrate hydrolysed, in crude cell-free extract~ of 1,('. 1t1C'1I\ ~~p. 

diacetylactis and Le. lact;s ssp. cremoris. The~e included di- and tri-pcptida"c~, ail 

arninopeptidase-P, a proJine iminopeptidase, and a gencral arTllIlOpcptI(Ja"c. Ba~cd 

on their data, they have sugge!o.ted that the ~pecificitics of the~c enzymc" arc widc 

enough to completely hydrolyse aIl polypeptides (dcrived from ca'lcin alter 
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proteolysis) to free amino acids. Other researchers have reported four to nine 

peptidases for species of starter lactococci (Sorhaug & Kolstad, 1981; Kaminogawa 

et al, 1984b). 

Brand!o.aeter and Nelson (1956b) appear to have been the first to focus attention 

upon lactobacilli peptidases. Using synthetic dipeptides and tripeptides, they found 

that the highest peptidase activity of cell-free extract of one Lb. case; strain occurred 

hctwecn 45-50 oC and pH 7.0-8.0. Enzyme activation by Co2+ or Zn"" at pH 5.0-5.5 

and pH ~ 7.0, respectively was also observed. Mn2
+ and Mg2

', however, were found 

to have !ittle effect. 

Ovcr a period from 1956 to 1978, liule work occurred in this area until El soda et 

al (1978a) chose to continue studies on Lb. casei (NeDO 151). Using cell-free 

cxtracts, they demonstrated the presence of ami no- (leucyl p-NA), di- (glycyl­

tyrosine), carboxy- (N-benzyloxycarbonyl-glycyl-L-arginine) and endo- (succinyl­

phenylalanine p-NA) peptidase activities. This was the first and perhaps the only 

strain identified untiJ today to exhibit the presence of carboxypeptidase activity in 

lactococci and lactohacilli. These results implied that as with the lactococci, most 

pcptidase activity was associated with the cytoplasmic fraction, a conclusion further 

!o.lIhstantiated in subsequent work (El Soda et al, 1986). Also noted was the influence 

of the cellular growth phase on the synthesis of peptidases, which appeared 10 reach 

its maximal level at the early stationary phase. Dipeptidase activity did not seem to 

he inflllcnced significantly by N source (casein, peptone or amil1() acids) in the 

growth medium, while carboxypeptidase activity was measured higher in cells grown 

in the casein or peptone medium, as compared to the amino acid media. 

Aminopeptidase and endopeptidase activities were highest when free amin<) acids 

had heen the end source . 

'< 
" 
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Following further purification via gel chromatography, El Soda el al (197Xb) partially 

characterized a dipeptidase, a carboxypeptidase and an amin()pcptida~e l'rom the 

same bacterium. The tempe rature maxima and pH optima of different peptida~e~ 

were 30°, 40°, 45°C, and 7.6, 7.2, and 6.5 respectively. Ali thrcc peptida~c~ were 

strongly inhibited by EDTA and 1,1O-phenanthroline hut wcre rcactivatcd hy Co: 1 

and Mn2
+. 

In a more recent study (Abo-Elanga & Plapp, 1987), enzyme activity ~l<til1il1g on 

polyacrylamide gel electrophoresis (PAGE) of Lb. casei (NC[)() 151) œll-free 

extracts allowed the separation of two dipeptidases, a carboxypcptida:-.e, and a 

tripeptidase. 80th dipeptidases were identical in substrate ~pecificity. Out of 120 

dipeptide~ tested, 109 were hydrolysed to somé degree hy each. The dipeptida~c~ 

were unable to hydrolyse substrates having aC-terminaI proline, due tn ~teric factor~ 

introduced by the imino group in this position. However. proline in N-terminal 

position did not appear to block activity. The carhoxypcptida~c cxhihitcd widc~t 

specificity, having the ahility to hydrolyse various dipcptide~ and tnreptide~. in 

addition to various carhobenzoxy-peptide~. Growth studic~ indicated that ail the 

peptidases mentioned above were constitutive enzyme~. Ilowevcr, they di'lcovercd 

the presence of two additional dipeptidases in cells grown on ~kim mllk. ~lIgge~ting 

an induction mechanism governing their synthesi~. Comparative ~tudic~ of pcptida~e'l 

of strains of Lb. ca''ic>i and Lh. plantarum dcmonstrated a notahle ditfcrcllcc in 

activity and suhstrate ~pecificity among the ~trains. 

Aminopeptidase and carboxypeptida~e activities of four I.,(lcwhucillll,\ ~pp .. with 

emphasis on the thermophiles, were evaluated by Hickey et al (19X}). The pif 

optima for aminopeptidase activity in ail ~pecies, including th. ('U\e; and I,h. 

plall/arum, were found to be between 6.5-7.0. Activity toward alanyl-. IClIcyl- and 

arginyl-derivatives wa~ substantially highcr in ~train~ of J.h. IU'/vetu 1.1.\ and I,h. 
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delhmeckii s~p. bulgaricus th an in strains of Le. salivarius ssp. tlzermoplzilus. Lb. 

helvelicus also possessed higher proline iminopeptidase and aminopeptidase-P 

activitie!o.. Carboxypeptidase activity was not detected in any of the strains under the 

conditions ernployed. The studies also demonstrated the cornplernentary effect of 

rennet on the peptidase activity in ove ra li release of amino acids from sodium 

ca~cinate. Results of another study (Frey et al, 1986a) showed that at least sorne 

strains of Lh. ca.'iei exhibit greater aminopeptidase activity toward lysyl and leucyl 

derivatives than strains of Lb. delbmeckii ssp. bulgaricus and Lb. ddhmeckii ssp. 

lacti.\'. The authors speculated that cells with low protease and high aminopeptidas~ 

activities should accelerate cheese ripening without development of excessive 

hittcrnc~s, a theory suhstantiated through actual production of Gouda cheese (Bartel 

el al, 19H7). 

El Soda and Desmazeaud (1982) made an attempt to characterize peptidases of 14 

strains of different Lactobacillus species by aetivity staining on dise gel 

electrophoresis. By this method, the presence of one general aminopeptidase was 

dcmon~trated in ail the strains. Although the enzyme of different strains had the 

sume electrophoretic mobility on disc gels, it differed ~ignificantly in its substrate 

~pecificities. Lh. delhmeckii ssp.lactis possessed an additional aminopeptidase having 

different specificity and greater electrophoretic mobility. A distinct dipeptidase 

having higher electrophoretic mobility th an arninopeptidase was also located in each 

hacterium. Lh. delbrueckii ssp./actis, however, po~sessed two addition<J\ dipeptidases. 

l''lter, Ezzat et al (1986) determined the properties of partially purified amim>- and 

di-peptidases of three of the above strains. Peptidases of these strains ~howed higher 

al11ino- and di-peptida~e activities near !leurraI pH at 30 to 40°C. However, contrary 

to mmt aminopeptidases characterized up to now, the aminopeptida~e of Lb. 

he/vNiel/\' and Lh. {/l'llmœckii ssp. bulgaricus were not inhibited by EDTA and were 

charactcrized as serine proteases, whereas, aminopeptidase of Lb. delbrueckii ssp. 
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laclis and dipeptidases of aIl the strains were metal-activated cnzymcs. 

The high proline content of the caseins has prompted several invc~tigator~ to 

investigate specifically for peptidases acting on proline containillg sllh~trat~~~. While 

most studies on lactic starter peptidase profiles IIldicate very \Vcak activity of gencral 

aminopeptidase and dipeptidases for the hydrolysi~ of peptide hond containing 

proline, a separate c111ster of peptidase enzymes, showint' ~pccificJty for peptide 

bonds involving proline, has been elucidated in both lactococci and lactohacilll, and 

is described in literature. Casey and Meyer (1985) demomtrated the pre~encc of a 

X-prolyl dipeptidylpeptidase (X-POP) in a wide range of 1,{lc(o!Jaullll\ and 

Lactococcus species. Ail X-POPs specifically degrade peptide~ of the ... trllcture X­

Pro-Y ... (X and Y can be any amino acid) but the rate of hydroly~i~ dcpclllb on lhe 

type of amino acids surrounding the proline. Polyacrylamide gel clectrophorc~i~ 

showed this to be an enzyme distinct from prolyl iminopcptida~c whlch wa~ abo 

present in most of the strains, hut at much lower levels of activity. While ail th<.' 16 

strains of lactobacilli used in the stndy showed the pre~encc of X-prolyl dipcptidyl 

ami no- and prolyl amino-peptidase, the latter activity wa~ ah~ent III laclic 

streptococci. Hickey el al (1983) showed the pre~ence of proline aminopeptlda..,c and 

aminopeptidase-P activities in wide range of lactobacilli. In a comparative ..,tully. they 

concluded that Lh. helvet;cus had the highest activitie~ of ail the peptida~e.., whell 

compared to other species of lactohacilli and lactococci. 

X-POP has recently been purified and characterized from I.h. 'wlvl'I;('/(\ (Khalid & 

Marth, 1990), Lb. delhnleckii ~~p. hulgaricll,\ (Atlan el al, 19(0) and I,h. t/('Ihnu'ckii 

ssp. lactis (Meyer & Jordi, 1987), as weil a~ from seve raI lactococCI (Klekr-Parhch 

el al, 1989; Zevaco et al, 1990). In general, X-POP of both lactococci and lactohactlli 

showed maximum activities between 40-50°C and at neutral plI. Ilowever, in contra~t 

to general aminopeptidase of lactic acid bacteria, which i., in mo.,t ca.,e., a rnctal-



· 1 .. 

r 

33 

dependant enzyme, X-PDP was found to be a serine protease. 

The presence of this enzyme in many plasmid-free lactococcal strains suggested that 

the enzyme might be coded on the chromosome (Kiefer-Partsch et al, 1989). A 

rcccnt study on mutant stains of Lactobacillus delbrueckii ssp. bulgaricus deficient in 

X-POP showed a decrease in the growth rate with simultaneous increase in cell wall 

proteina~e activity in such strains than in control samples (Atlan et al, 1990). Similar 

previOlI~ studies carried out on aminopcptidase-deficient strains of the same species 

abo di~played an increase in ccII wall proteinase and X-PDP activities (Atlan et al, 

19H9). Ba~ed upon their findings, the authors suggested the existence of common 

regulatory mechanisms controlling the biosynthesis of aminopeptidase, X-PDP and 

ccli wall proteinases. 

While peptidases acting on proline-con~aining peptides were easy to categorize, 

ha~ed on their suhstrate specificities, such was not the case with most other ami no­

as weil as di-peptidases. An unusually wide spectrum of specificity has been observed 

in purificd aminopeptida~e enzyme from Lb. delbrueckii ssp. lactis (Eggimann & 

Buchmann, 1980) and Lb. acidophilus (Machuga ~ Ives, 19H4). In addition to its 

u~lJal N-terminal exopeptidase activity, the enzyme from both of these strains was 

active with a wide range of aminoacyl p-nitroanilide derivatives a~ weil as on certain 

dipeptides, tripeptide~ and tetrapeptides. On the contrary, the aminopeptidase from 

I.e. /{u·ti.\ was not active with any of the di peptides tested nor was dipeptidase 

fraction ahle to use aminoacyl p-nitroanilides as substrates (Kaminogawa et al, 

19H4h). Ilowever, a sep<lrate study on purified aminopeptidase from a different strain 

of the same species showed broad spectrum aminopeptidase activity, degrading N­

terminal amino acids of dipeptides, tripeptides, oligopeptides along with p~ 

nilroanilide ami no derivatives (Tan & Koning, ]990). It appears that 

aminopcptidases of hroad specificity are common in lactic acid hacteria, but they did 



not show carboxypeptidase and endopeptida~e activities. 

Dipeptidase activities showing a broad specificity have bcen detected in ~cvcrallactic 

acid bacteria (El Soda et al, 1978a; Kaminogawa, et al, 19R4b; Aho-Elanga & Plapp, 

1987). Dipeptidases of two strains of Le. lactis ssp. cremorÎ.\ have hecn purified and 

characterized (Hwang et al, 1981; Van Boven et al, 19RR). Both cll/yme~ were 

metallopeptidases and were able to catalyse hydrolysis of a wide range 01 dipcptidc~. 

However, the enzyme could not degrade dipeptides containing prolinc or glycinc at 

the N-terminal. 

Virtually an the information on the peptidase activity in ~tartcr hacteria relate~ to 

various types of exopeptidases, i.e. enzymes cataly~ing the clcavagc of onc or lwo 

amino acid residues from the free end of the peptide chain. There arc rare rep()rt~ 

on the existence of endopeptidases capable of hydrolysing oligopcptidc "'lIh~tratc~ at 

bonds distant from the N- or C-terminal ends. The fir~t report came l'rom 1 ~xtcrkatc 

(1984) who demonstrated the presence l)f two ccII memhranc-a~~ocJated 

endopeptidases (distinct from proteinase activity) from Le. lactÎ.\ "~p. crl'l1lorÎ.\ ~train. 

The endopeptidase nature of these enzymes was a~~lImcd from thcir ahllity to 

hydrolyse aminoacyl nitroanilides with the N-terminal group hlockcd hy a glutaryl 

group. However, hydrolysis of C-N bond in aromatic amidc dcrivative ... 01 amino 

acids is diagno~tic of an arylamidase but not nece~~arily of an CI1<.1opcptida ... c (El 

Soda & Desmazeaud, 1981). This enzyme ha~ reccntly hccll purilied and 

characterized (Yan et al, 1987). 

El Soda et al (1981b) detected a similar enzyme in ail thc ~train" of lA ('fI\l'1 "~p. 

casei, Lh. easci ssp. rlzaml'losus, Lh. cu\eÎ ~~p. alacto.\ll.\ and LI>. ('{/\('I ""p. 

p.\eudoplantanan. The enzyme was also detected in ~()me of the "train" of lA 1}f(lvÎ\ 

and Lh. fennentum, while no activity was found in ~omc c1mely rclatcd "pccie", '-.LJch 
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a!'\ Lh. plantarum, Lb. helveticus, Lb. delbrneckii ssp. lactis , Lb. acidoplzilus and Lb. 

dellmœckii ssp. bulgaricus. 

Considerahle evidence has now been documented for the existence and cellular 

location of different types of peptidases in lactobacilli. Whi1e nothing can be 

conc1l1ded at thb stage on the status of endopeptidases, a reasonahly consistent 

picture of exopeptidase complex of lactobacilli is beginning to emerge from these 

variolls inve!!tigations. The complex appeals to comprise of perhaps five or six 

distinct enzymes: a general aminopeptidase, a dipeptidase of broad specificity, two 

or more exopeptidases acting on bonds involving proline and a distinct tripeptidase. 

Sorne of these intracellular enzymes may be localized in or outside the cell 

memhrane possihly in isoenzymic forms. More knowledge on peptidase profiles of 

different Lactobacillus strains, as well as purification and characterization of each of 

thcsc enzymes is necessary to establish the distinct number of enzymes, the range of 

~lIhstrates that they are capable of hydrolysing and the contribution that each enzyme 

makes to the proteolytic degradation pathway of milk proteins. 

2.6. Assay of Peptidase activity 

Much of the work with the intracellular peptidases of lactic acid bacteria has focused 

upon dipeptida~e and aminopeptidase activities (Exterkate, 1975; El Soda et al, 

197Hh: I-lickey et al, 19H3; Frey et al, 1986a; Abo-Elanga & Plapp, 1987). Synthetic 

suhstratcs have typically heen employed for measurement of activity. The goal in aIl 

ca~es was to qllantify the nllmher of peptide honds hydrolysed hy an enzyme of 

intere~t. Spectrophotometric methoùs offer the simple!!t, most rapid and least 

expen~ive means of quantifying soluhle components. However, sllch methods are 

applicable only when the components of interest absorb light within the ultra violet 
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or visihle spectrum in accordance with 8eer's law. While some aromatic amino 'Icitb. 

such as tyrü5.ine and tryptophan, do meet this criteria and have hcen lI~cd a~ 

indicators for cheese ripening (Vakaleris & Priee, 1959), frec amino- or carhoxyl­

groups exposed by an enzyme during peptide hydrolysi~ do not. COI1~eqllcntly. li 

chromophore which, through association or di~sociation with free amino or carhoxyl 

groups, produces a soluble colored product adhering to Bccr'!o. law, 11111!o.t he inc111ded 

in the reaction at some point prior to quantification. 

In case of dipeptides, that chromophore may only be introduœd after hydroly!-.i~ ha~ 

occurred. The original and most extensively used reagent for t hi~ pllrp()~~ i~ 

ninhydrin. Moore and Stein (1948) were the fir~t to employ ninhydrin m, a I11can!. of 

determining amine} add concentrations. The ninhydrin react~ with frcc lImino grollp~ 

of amino acids to form a blue color complex which can he Illca ... ured 

spectrophotometrically. Severai researcher~, including Yemm and Corking (1955), 

have since introduced modifications to improve reaction cfficicncy a~ weil a~ end 

product stability. However. even with the modification~, the mcthod wa~ not Idcally 

suited for peptidase assays. ft produced color yields for pcptidc~ (i.e. hlank valllc~) 

nearly equal to those of free ami no acids, making it difficult to dctcc! changc~ in 

free amino group concentration caused by hydroly~is. Ilow' ver, MatllC ... on and 

Tattrie (1964) were able to lower the color yield, or molar cxtinction coctliclcnt, (lI 

peptide~ through reollction of buffer concentration and heating lime pre,",cnhed hy 

Yemm and Cocking. 

Fields (1971) deve1r'ped an alternative method which replaccd ninhydrin with 2,4,6-

trinitrobenzenesulfonic acid (TNBS). Reaction of L-amino group" with TNBS 

produces a trinitrophenylated amin()-~ulfite complex which ah"orh~ ... trongly at 420 

nm. Both TNBS and ninhydrin are acknowleoged a~ extrcmely ~cn~itivc n.:agcnt" for 

amino add detection (Rowlett & Murphy, 19H1; Samplc~ et al, 19X4). The latter i~ 
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~till eon~jdered the reference method to which aIl subsequently developed amino 

acid assays are compared. However, both methods suffer at least two disadvantages. 

Thc!le include heating and cooling steps or extended incubation periods, and require 

con~trLlction of standard calibration curves eaeh time when the assays are performed. 

In addition, the ninhydrin reagent must be frequently prepared and stored under 

inert atmosphere due to oxygen and nitrogen sensitivity. 

One technique which aehieves equal or greater sensitivity than ninhydrin or TNBS, 

without the associated disudvantages, is the f1uorescamine assay (Schwabe, 1973). As 

with ninhydrin and TNBS, f1uorescamine reacts with free primary amin<> groups, to 

yicld prodllcts which not only absorb but also fluoresce. Although this method is far 

more ~en~itive th an spectrophotometric methods, very few laboratories are equipped 

with fJuorometers, limiting its applicability. In addition, it has been reported that 

f1uorescamine may often fail to react completely with ail primary amines, especially 

tryptophan, even when the reagent is present in exc;ess (Chen et al, 1(79). 

Yet ~tnother f1uorogenic reagent which, as its predeces~ors, reaets with primary 

amino groups, is o-phathaldialdehyde (OPA). The properties of this compound as 

weil as it~ applicahility to ami no acid quantification and proteolytic assays have been 

cxtcJ1!1ively investigated (Benson & Hare, 1975; Chen et al, 1979; Goodno et al, 1981; 

Porter ('( al, 1(82). The reaction of OPA with primary amine~ oecur!l only in the 

presence of a thinl, typicalIy B-mercaptoethanol, and is enhanced at basic pH. Under 

thcse conditions, I-thioalkyl-2-alkylisoindoles are formed, which, following excitation 

at 340 nm, f1uore!lce al 450 nm. Simons and Johnson (1976) were the first to identify 

the structure of OPA-thiol-primary amine addllct. 

The OrA ,'eagent was found 10 meet many of the criteria of an ideal reagent for 

routine analysis of peptide hydrolysis reactions. These include sensitivity in the 
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micro-molar range, stahility of the reagent under ordinary atmo~phcri,-' conditi(ln~. 

rapid and complete reactivity, and simplicity to us!'! (Rowlctt & Murphy. Il)X 1). A~ 

a fluorogenic agent, aPA still suffers several significant drawhack~, incllldlllg poor 

yields for some ami no acids, namely lysine. cy~leine, cystine, and ad pcplide~, :1" \\cll 

as poor stability of the OPA-mercaptoethanol adduct (Simon~ & JOhINlIl, 197h). 

Recent work has circumvented the instability prohlem via ~lIh~titution of ethaJll.'thiol 

for mercaptoethanol in the reagent mixture (Rowlett & Murphy, 19H 1). Although 

recent development of a spectrophotometric OPA assay mcthod ha .. inlTea~ed il!. 

potential for a mcthod of choice, one major dr~'wback ~till a~~ociated with thi .. a~~ay 

is its lower sensitivity (than spectrophotometric ITI?thod) a~ weil a~ It~ inahihty 10 

measure cysteine and proline concentrations. 

The assays for aminopeptidase activity are considerahly lc~~ complicatcd lhan for 

dipeptidase activity. The most commonly used methods emplüy a ~lIh~trate compŒcd 

of an amino acid with a chromophore attached at the N-tcrt11lnal po~ili()Jl. Whell 

intact, the derivative is colorless. However, hydrolysi~ hy an amin()pcptida~e call~c~ 

release of the colored chromophore. Intcn~ity of the colorcù prodliCI I~ proportional 

to the amount of substrate hydrolysed, :n accordance with Bcer\ law. Dcrivativc~ of 

p-nitroaniline and B-naphthylamide have heen used exten~ivcly in ~tlldic~ (If laclic 

acid bacteria . 
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Growth and Disintegration uf Lactobacillus casei Cultures 
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ABSTRACT 

Growth of Lactobaci/lus casei in MRS medium resulted in a graduaI decrease in 

medium pH, which greatly influenced its growth curve. Although the duration of lag 

and exponential phases differed by the levels of inoculation, h was possible to relate 

various growth phases with the growth parameters such as viable count (CFU), pH 

and absorbance (~) of the culture medium. A close interrelationship was observed 

among these parameters in the exponential phase of cell growth, irrespective of the 

level of initial cell count. 

The effectiveness of three different cell disruption methods was also evaluated. 

Mechanieal grinding of cells with glass beads in a mixer mill produced > 95% 

disruption of cells without any loss of enzyme activity. The disruption efficiency was 

infIlienced most by the operating time, bead size and mixing frequency. In contrast 

to mechanical grinding, enzymatic methods involving lysozyme and commercial lytic 

enzyme proved ineffective in the lysis of Lb. casei ssp. case; LLG. The method using 

Iytie enzyme interfered with the API ZYM test whieh was applied 10 evaluate 

intracelllllar enzymes in crude extracts. Celllysis by enzymatic methods also showed 

significant variation (P> 0.05) among the repJicates. 
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INTRODUCTION 

Starter hacteria must possess very limited metabolic diversity in ortler to produœ 

cheeses with acceptable organoleptic characteristics. The two mn~t esscntial fcaturc~ 

of the starter lactic acid bacteria are the possession of an efficient proteolytic !oIystcl11 

and the ability to rapidly ferment lactose, almost exclusively tn lactic acid (Lawrence 

et al, 1984). Earlier stuèies on Lactobacillu.'î case; have clearly dcm()n~trated thcir 

superiority in these traits (Carini & Lodi, 1974; Law & Sharpe, 1977: Arora et al, 

1990; Laleye et al, 1990). The lengthy maturation period of checse offer:-. varicd 

environmental conditions in terms of acidity, redox potential as weil a~ availahility 

of diffeTent nutrients to which the microorganisms must adapt in order to grow in 

sufficient numbers. In spite of their complex nutrient requirement~, lactohacilli are 

weIl adapted to grow in the selective conditions of cheese ripening (Thomas, 19H7; 

Peterson et al, 1989; London, 1990). 

For assessing the manifold influences of environmental conditi()n~ on a microhial 

culture, it is essential to study the growth pattern of the organism in dcfincd 

conditions. Ccll growth is generally monitored by direct method!ol such a~ ccII 

number, cell mass or cell volume, or indirectly by relati ng ccli growth wi th any 

change in chemical and physiological parameters (Meyer et al, 1 9H5). Si ncc the 

production of lactic acid from lactose is th~ major and e~~ential encrgy yiclding 

pathway of Lactobacillus casei species, a drop in pH of the meuillm ha~ hccl1 lI~ed 

and correlated in growth measurement stlldies (Roy et al, 19H7). 0IJtlcal dcn~ity 

(extinction, opacity) is the other fast indirect method u!oled for hatch a~ weil a!ol on­

tine measurement of microbial cultures. The possibilities, problem!ol and the )irnit~ of 

this method has been weil known (Wyatt, 1973). 
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Besides obtaining an insight into the cell metabolism, growth studies also constitute 

an essential initial step in the production of higher cell biomass and its enzymes. The 

present investigation was designed with these objectives. 

Almost aIl studies related to localization and characterization of enzymes of 

microorganisms involve an efficient cell breakage procedure. A number of biological 

(e.g. enzymatic and osmotic lysis) and mechanical (sonification, pressure shearing and 

ballistic disintegration) methods are available for cell fractionation (Hughes et al, 

1971; Schnaitman, 1981), and most of these have been attempted on various 

lactobacilli with varying degree of efficiency (Ishiwa & Yokokura, 1971; Chassy & 

Giuffrida, 1980; Hummel & Kula, 1989). In general, enzymatic Iysis and ballistic 

disintegration arc the two preferred methods for the disintegration of lactobacilli. 

However, the operating conditions of each method need optimization for higher 

enzyme yield and to minimize the loss of enzyme activity. 

MATERIALS AND METHODS 

Strains, maintenance and growth 

Lactohaciilus casei ssp. casei LLO used in this study was isolated from a high quality 

Cheddar cheese. The strain was maintained on lactobacilli MRS agar medium (Difco 

Laooratories, Detroit, MI)(De Man et al, 1960) at 4°C, and at -30°C in reconstituted 

sterile 20% (vol/vol) skim milk powder (Difco) diluted equally with MRS medium, 

and were transferred triweekly. The strains were also regularly examined 

microscopically and by API ZYM test for determination of purity and physiological 

activity. 
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Culture was revived by 2-3 consecutive subculturing in MRS hroth before growth of 

the cells for actual experiments. The cultivation of the strain was conducteo in hatch 

culture conditions at 30°C for up to 24 hours without any agitation, and portions of 

cultures were removed at various time intervals. The sample~ werc analY7cd for pli, 

CFU Iml, and optical density (A(OO). 

Disintegration of cells 

Unless otherwise stated, Cells from late logarithmic pha~e were harvc~ted hy 

centrifugation (10,000 x g for 15 minutes). O.OSM sodium phosphate hutTer (pli 7.0) 

was used to wash and suspend the ce Il !!, which were Mlhjcctcd ln the fol1owing 

procedures . 

1). Cell Iysis by lysozyme 

Lysozyme used for the celllysis experiment was obtained from Sigma Chcmkab (St. 

Louis, USA). Cell lysis was carried out by the method of Extcrkate (19X4). The cclls 

were washed once with sterile sodinm phosphate buffer (O.05M, l'II 7.0) and once 

with distilled water. Cell suspension was adjusted to an ah~orhance of 0.5 at 600 nm, 

and the pH was adjusted to 7.0. An equal amount of ly~ozymc ~()llIti()n (6 mg/ml in 

distilled water) was added to the cell suspension, and the mixture wa ... ~tirrcd gCl1tly 

for up to 60 minutes at 30°C. Portions (10 ml) of the a ... ~ay wcrc drawn at di1fcrcnt 

time intervals, centrifuged (47,000 x g for 15 minutes) and the ..,upernatant wa ... tc~tcù 

for the enzyme activities by API ZYM method. Samplc~ ah ... orhancc wa~ abo 

monitored by a Beckman spectrophotometer (Model DU-7; Bc(:kman IJ1~trllmcnt ... 

Inc., Irvine, USA) at 600nm. 
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2). Cell Iysis by Iytie enzyme 

A commercial Iytic enzyme (Type SP249) specifie to Gram-negative organisms was 

procured from Novo industries, Montreal, Canada. 10 ml of cell suspension in 0.05M 

sodium phosphate buffer (pH 6.0) was used for the experiment, and the lysis was 

carricd out by the method of Ishiwa and Yokokura (1971). The washed cells were 

treated with chloroform for 5 minutes at room temperature and then suspended in 

pho~phate buffer at pH 6.0. Reaction was started by the addition of lytic enzyme to 

the cell suspension (previously adjusted to 0.0. 1.0 at 600nm), and the Iysis was 

measured by decrease in optical density of eell suspension. Enzyme aetivities in the 

cell·free extract were also analyzed by the API ZYM system. 

3). Cell Iysis by bail mill 

250 ml of the washed cell suspensIOn (adjusted to 0.0. 1.0 at 600nm) was 

centrifllged and reslIspended in 6.0 ml (approximately 25% cell slurry) of the sa me 

ouffer. A Brinkmann ballmill type MM2 (Brinkmann Instr. Ltd., Rexdale, Canada) 

wa!l llsed to break the cells (Appendix III). The mixing vessel was fastened to one 

of the vihrating arms, then 11.0 ml glass beads, representing a Ioading volume of 

90%, were filled in with the aid of a small funnel through an opening in the grinding 

VCS!lcl. The ccli suspension was then injected into the grinding vessel by a syringe, 

and the opening c\o!led by a hand screw. The disruption procedure was started oy 

the limer, and the vibration frequency set as desired. At periodic time interval.~, the 

cxpcrimcnt was stopped. and the sample was drawn by a !lyringe for analytical 

dctermination after removing the screw. The whole proces!I of disintegration and 

fractionation was carried out at 4°C. erude extn.l1.:t was eentrifuged at 47,000 x g for 

15 minute!-. and analyzed for protein content and enzyme activity. 
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At the end of the experiment, glass beads were washed, and sterilized by a hot air 

oven. The grinding vessel was also washed and sterilized with alcohol bcfme ncxt 

use. The efficiency of celllysis was measured from CFU/ml of cell ~lurry bcfme and 

after the disintegration. Cells debris were allowed to stand in MRS mcdium for 30 

minutes at 30°C for the possible resuscitation of damaged cclls before agar plating. 

API ZYM assay 

The API ZYM kits were obtained from API Laboratory Products Ltd. (St. Laurent. 

Qué, Can4lda) and the method of Arora et al (1990) was used for thb expcriment. 

25 ",lof cell suspension or cell-free extract was added to each of the 19 cupll1c~ 

containing dehydrated chromogenic enzyme ~ubstrate!! (Tahle 3). and the ~trip ... were 

incubated for 4 hours at 37°C. The manufacturer's instruction~ werc followcd for the 

development of col or (Appendix II). The activity was mea~ured by comparing the 

color developed in 5 minutes to the color chart provided by the manufacturer, and 

expressed on a scale of 0 (no activity) to 5 (maximum activity; >40 nM of 

chromophore released). 

Protein assay 

Protein was determined spectrophotometrically by the BeA (hicinchoninic acid) 

assay reagent supplied with the system (Pierce Chemical Ltd., Rockforù, USA)(Smith 

et al, 1985). Bovine serum albumin (Sigma Chemical Company, St. LOlli~, USA) wa~ 

used for the calibration curve (Fig.1) . 
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Statistical analysis 

Ali experiments were performed in triplicate. Growth data of different experiments 

was analyzed by exponentiaJ Jeast square regression analysis. AlI regression 

coefficients of individual experiments were greateT than 0.997. 

RESULTS AND DISCUSSION 

The experiment carried out for growth curve included the cuItivation of Lactobacillus 

case; ~sp. case; LLG in the MRS medium at 30°C for 24 hOUTS. A stationary phase 

culture was inoculated at different rates (0.1 %, 0.25%, 0.50/0 and 0.75%), and the 

growth was measured at different time intervals. The CFU Iml, optical density and 

pH of cultures are shown in Figure 3, 4, and 6, respectively. As expected, the time 

rcquired to attain the stationary phase was proportionally lowered with the increase 

in inoculation size (Fig. 3). Under the conditions of the experiment, the cultures 

attained the stationary phase at 1 x 1010 CFUjml after 16-24 hours of incubation, 

depcnding upon the initial cell count of the cultures (Fig. 3). Although the growth 

curves of cultures inoculated at different levels showed similar slope in the 

cxponential phase of growth, a lower lag phase was noticed in cultures at higher 

initial inoculum (Fig.3). The slope of logarithmic phase depicted a generation time 

of 127 minutes for the strain. 

The optical density of the growth medium was also measured for the strain during 

variolls growth phases (Fig. 4). Similar to the results of viable COllnt, the optical 

dcnsity of the medium was increased with the growth time. However, the absoTbance 
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profiles differed significantly (P<0.05) during the initial stagc!I of grmvth, whcl1 

compared to viable count curve (Fig. 3). A close correlation (R: value of 0.99) was 

observed between the logarithms of .::ell count and the medium ahsorhancc in the 

exponential growth phase at ail levels of inoculation (Fig. 5). Stati!ltical analysi!l of 

growth data of individual plots revealed a higher degree of corrclation (Ir value) 

with the increase in the level of inoculation. The pH measurement:-, during v~.rioll~ 

growth phases demonstrated that Lactobacillus growth in hatch culture gradually 

lowers the pH of the medium (Fig. 6), which in turn hecome~ the major limiting 

factor to its subsequent growth. The initial slow response to pl-I change wa!l primarily 

due to the buffering action of the medium, and thi~ also accountcd for an increa~c 

in apparent lag phase in curves with lower rates of inoculation. OH1!1cquently, the 

pH of the medium decreased exponentially to a steady level (arollnd pli 4'()), which 

corresponded to the stationary phase of the growth curvc. Sincc hoth pli allll 

CFU/ml are directly related to cell metabolism, a high correlation (R' value of 

0.98) was observed betwecn cell number and pH of the mediulll in the exponcntial 

phase of the growth (Fig. 7). 

In addition to providing information about cell physiology, the ahovc !ltlldy wa:-, al!lo 

helpful in selecting growth parameters that were used in the further cxpcril11cnt~ to 

evaluate and compare the biomass production and enzyme activitlc~ of diffcrellt 

Lactobacillus strains (Arora & Lee, 1990). 

Disintegration of ce Ils 

Both enzymatic (u~ing lysogenic enzyme~) and mechanical meth()d~ (french prc~\ 

bail mill, homogenizer etc.) have been u!led with varying ... ucee ...... in the ... tudy of 

intracellular enzymes of lactic starters. Three different methmb of ccii Iy"i", involving 

both enzymatic (using egg lysozyme and Iytic enzyme) and mcchanical mcan ... wcrc 

• 
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evaluated for their lysis efficiency. The experiment was conducted with the objective 

to find an efficient cell disruption method for further studies on the characterization 

of intracellular enzymes of different Lactobacillus species. 

1). Lysozyme treatment 

Disintegration efficiency of lysozyme treatment of Lactobacillus case; ssp. case; LLO 

was continuously monitored spectrophotometrically, and the results are listed in 

Tahle 1. There was no apparent decrease in absorbance under the conditions of the 

assay after 60 minutes of incubation with lysozyme. However, API ZYM results of 

cell-free ex tracts obtained after lysozyme treatment indicated slight leakage of cell 

mate rial (Fig. 8). This was also apparent from 15% reduction in CFU Iml of cell 

suspension after the enzyme tre~tment. While sorne previous workers have obtained 

efficient disruption of sorne Lactococcus (Exterkate, 1984; Kruese & Hurst, 1972) 

and Lac!o!Jacillus (Cha!!sy & Giuffrida, 1980) strains by a similar lysozyme treatment, 

the enzyme was not fOLlnd effective in the cell lysis of Lb. casei strain under the 

conditions of the assay. 

Lytic enzyme treatment 

Cells were incubated with the lytic enzyme and the lysis was monitored for up to 60 

minute!!. Cell lysis was measured by decrease in absorbance, CFU Iml and enzyme 

activities (API ZYM ~ystem). Lytic enzyme resulted in relatively poor cell lysis 

( - 27%). when compared to mechanical grinding of cells. In addition, the API ZYM 

te!!t could not he used for the evaluation of enzyme profile of Lactobacillus case;. 

The intpurities present in the erude lytic enzyme preparation were mainly 
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responsible for higher overall readings of API ZYM. The lysis efficiency also varied 

significantly (P> 0.05) within the replicates. 

Disintegration by bail mill 

Cells were disrupted by shear forces generated during vibration and enforced motion 

of glass beads in a mixer mill. Initial trials were conducted by the method of Schlitte 

and Kula (1987), which resulted in -80~~, of cell disruption after 60 l11inlltc~ of 

grinding. Further experiments were carried out to optimize variolls paramctcr~. ~uch 

as buffer pH (Table 2A), size of glass beads (Table 2B), grinding time (Fig.9), which 

were reported to greatly influence disruption efficiency and enzyme activity. In orller 

to minimize contamination during preparation of cell slurry. ~terilized c4uipment~ 

and buffers were used. 

A~ shown in Table 2B, a higher degree of disruption cnuld be achicved with 

relatively smaller glass beads size. This relates to the previoll~ finding~ for ccii 

disintegration in a Dyno-Mill (Marffy & Kula, 1974). lIowever. thcrc wa~ no 

significant difference in disintegration efficiency between he ad ~ize of 0.25 mm and 

0.5 mm (diameter). pH of the cell suspensions also did not have any ~ignificant etTcct 

on the disruption efficiency (Table 2A). Therefore, further triab werc conductcd at 

neutral buffer pH and with glass beads of -0.5 mm diametcr. 

The disintegration kinetics of the strain (25% suspemion) wa~ followcd by l11ea.,ur;ng 

the decrease in viable count, release of intracellular protein, and the activity of 

various enzymes (by API ZYM system). A minimum of 45 minute., grinding time wa ... 

required for optimum cell disruption (Fig. 9). However, furthcr grinding up to 60 

minutes did not cause any loss in the activity of enzyme~. Similar ~tlldic., by prcviou!-. 
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workers have reported varying grinding time periods (from 2 to 60 minutes) for 

bacterial strains (Hummel & KuJa, 1989). Under these conditions, baH miJJ 

disintegration produced 90-95% reduction in the viable cell cou nt. Statistical analysis 

of replicates revealed good reproducibility in cell disruption by bail mil!. API ZYM 

results of cru de cell-free extracts showed higher activities for ail the enzymes tested, 

when compared ta lysozyme (Fig. 8). 

CONCLUSION 

The results from the growth study indicate that the cultivation of Lactobacillus case; 

in MRS batch culture folJows a characteristic growth profile, which is Jargely a 

function of nutrient availabiIity and pH of the medium. Studies also showed a direct 

relationship of cell growth in the exponential phase with the increase in medium 

absorhance as weil as a decrease in medium pH, which can be efficiently employed 

for quick monitoring of the cell numbers. Among the various methods tried for cell 

disruption, mechanical grinding of cells in a mixer mill was found to be a more 

efficient method, as compared to the other enzymatic methods of Iysi!l. Further 

rcsearch is needed in this area ta search for delicate methods of cell Iysis which 

cOllld he lIsed on different strains of lactobacilli and resuIt in more precise 

fractionation of cell organelle. 
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Table 1. Effect of Iytic enzymes treatment on cell absorbance of Lb. caSt'; 

ssp. casei LLO. 

Incubation period Absorbance l 

(minutes) (Abs.(OO ) 
Lysozyme Lytic enzyme 

0 0.50 1.00 
20 0.50 (0.01) 0.95 (0.02) 
40 0.49 (0.01) 0.83 (0.07) 
60 0.49 (0.01) 0.78 (0.08) 

1 Ali means represent duplicate analysis made on cell-free exlract~ 01 IhrCl.~ cxpcnmcnh 
(± S.E. in parentheses). 
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Table 2. Standardization of cell disintegration by baIl mill 

A. Effect of buffer pH on cell disintegration1 

Buffer pH lysis2 Protein 
(%) (mg) 

7.0 96.2 (2.5) 42.75 (1.8) 

7.5 93.1 (3.2) 40.62 (1.5) 

8.0 96.7 (2.9) 42.31 (1.7) 

1 Ali means represent duphcate analysis made on cell-free ex tracts of three experiments 
(± S. E. In parentheses). 

2 Measured from decrease in viable count dunng dlsintegratlOn (± S.E. In parentheses). 

B. Effect of bead size on cell disintegration l 

Bead size 

0.25 

0.45 

0.75 

lysis2 

(%) 

96.9 (1.9) 

95.6 (2.3) 

89.3 (2.1) 

Protein 
(mg) 

46.75 (0.9) 

47.25 (1.2) 

44.39 (1.7) 

1 Ali means represent duphcate analysls made on cell-free extractl> of three expenments 
(± S.E. in parentheses). 

~ Measured from decrea!.e În vIable count during dlsmtegration (± S.E. 10 parentheses). 
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Figure 1. Calibration curve of bovine serum albumin using Be A protcin a~say 
reagent on Beckman spectrophotometer (e), and on Lambda plate rcader (0). 

A S62 (e): R2 = 0.9994, Y = 0.00283 + 1.462X - 0.2539X2
• A~7() (0): R' = 

0.9976, Y = -0.00311 + 0.6768X - 0.1661X2
• 
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Figure 2. Calibration curve of p-nitroaniline for aminopeptidase assay. 
R~ = 0.9998, Y = 0.00271 + 0.06479X. 
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Figure 3 . Growth curve of Lb. case; ssp. case; LLG al diffcrcnt Icvcl" 01 

inoculation. 

0.10% (0): R" = 0.9996, Y = -1.5587 + 0.0788X + 0.OI03X
2 

- O.00034X
1 

0.25% (e): R2 = 0.9976, Y = -1.0090 + 0.0675X t- 0 OI08X~ - U U003HX' 

0.50% (6): R2 = 0.9976, Y = -0.7658 + 0.0753X + O.0089X~ - 000033X' 

0.75% (.): R2 = 0.9964, .,' = -0.6040 + O.1102X + 0.0054X
2 

- O.00026X\ 
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Growth time (hrs) 

Fi~lII'e 4. Effect of growth phases of Lb. cosei ssp. casl'j LLO on the medium 
ahsorhancc (/\m) at dlfferent le\'cls of inoculation. 

0.107. (0): H~ = 0.9998. Y = -4.0015 + 0.4916X + U.OI94X~ - O.ùOO26X' 

o 25'i'r (e) RZ 
'" 0.9990. Y = -37185 + o 5246X + 0.0233X~ - O.OOO34X' 

() 50Q (l\) RZ ~ 09998. Y -:.- -33070 + 0 5271X + O.0265X: - 0 00045X\ 

o 75C1r (&) R' ~ 09996. Y = -2.9932 + O.5273X + 0.0291X~ - 0.OOO53X 1 



'. 

2.0,--------------------------. 

1.5 

0.5 

o 

o~----------------------+---------------------~ 
10 100 

CFU/ml 

Figure 5. Relation~hip between vIable cell count (CFU/ml) and medlulll 
absorbance (A1,x) during the exponential growth phase of I.b. m.H" ~sp. ('wei 
LLG. Levels of inoculation: 0.1% ~ 0), 0.25 % (e), 0.5 % (i\) and 0.75 % (. J. 
R: = 0.9694. Y = 0.11645 + 0.91252X 
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Figul'l' 6. Effect of growth phases of Lb. case; ssp. casei LLO on the medium 
pH at differcllt levcls of inoculation. 

0.107é (0)' R~ = 0.9944, Y = 6.5080 + 0.0771X - 0.0145X~ + O.OOO28X3 

0.2S'Ir (e): R= = 09950, Y = 65365 + 0.0378X - 0.0158X2 + O.OOO41X3 

o SO'lr (1'.); R= := 0.9964. y = 6.5281 + 0.0890X - O.OO47X2 + 0.OOO16X1 

075'7: (.); R= = 0.9966. Y = 6.5030 + 0.1509X + O.OOO6X~ + 0.OOOO5X3 
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Figure 7. Relationship between viable cclI count (CrU/mI) and medium pH 
during the exponential growth phase of Lh. Cllsei ssp. ('Will LLG. Lcvd\ of 
inoculation: 0.1 % (0), 0.25% (e), 0.5% (6) and 0.75% (A). I( = 0.9555, 
Y = 6.3112 + 1.3081X. 
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Figure 8. API ZYM profile of intracellular enzymes after cel1 lysis of Lb. 
co.w'j ssp. casei LLG by lysozyme (D) and bail mill (-). 
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ABSTRACT 

Lactobacilli have gained much attention recently due to their strong peptidase 

and esterase activities , which are of great importance in the accelerated maturation 

and enzyme modification of cheese. Twenty strains of Lactobacillus case; (ssp. casei, 

ssp. rhamnosus and ssp. pseudoplantarum) were compared for their enzyme profiles. 

Specificity and specifie activity studies were earried out on 19 hydrolytic enzymes for 

each strain using the microenzyme API ZYM system. Typieal Lactobacillus case; 

enzyme profile indicated the presence of weak proteinase, and high peptidase and 

esterase-lipase activities. The API ZYM method has been modified to evaluate and 

compare c10sely related Lactobacillus case; strains, and also to identify the location 

of their enzymes (extracellular, cytoplasmic, and cell wall and membrane bound). 

The peplidases, and most of the esterases and carbohydrases were intracelluJar, 

whilc the phosphatases were mostly cell wall and membrane associated. The method 

offers a simple and convenient way for quick assessment of the hydrolytic enzymes 

of starter strains at both the industrial and research level. 



.' 
62 

INTRODUCTION 

Most varieties of ripened cheese undergo a maturation perimj of 9-12 months. 

The process involves sequential breakdown of milk components, such a~ fat, protcin 

and lactose, by the enzymes of starter bacteria (Law, 19H4). Thercfore, a 

fundamental understanding of starter enzymes is of prime importance in cvaluating 

their suitabiIity, and in predicting their influence on the final cheese quality. 

At present, studies of enzyme profiles of individual !ltrains involve lcngthy, 

expensive and skillful operations and hence these studie!l are mainly confincd to 

research laboratories. The industrial approach of evaluating ~train~ b ~till traditional, 

based on their influence on the final cheese quality. The process i~ slow, randolll and 

privetized. 

The Analytab Products API ZYM method has been developed for the ~cll1i­

quantitative analysis of specifie hydrolytic enzymes (Table 3), mo~t of which arc of 

mu ch interest to cheese manufacturers. The system i~ hased on BlIi~ ... icrc\ 

observation of 1967 (Buissiere et al, 1967), who suggested that ~pccific elllymc~ of 

microorganisms can be detected by adding a heavy inocululll of organi~lm, on ~pccific 

substrates, even in the absence of growth. The idea has been commcrcializcd into 

a handy kit of 19 chromogenic substrates dried on absorbent microcllpu)c~. 

The method first found its use in c1inic.ll microbiology for the identificatIon 

of pathogenic bacteria (Humble et al, 1977; Tharagonnet et al, 1(77). It~ fir~t 

application in food systems was reporteù by Lee et al (19H6), who u~ed the ~y~tem 

for the differentiation of homofermentative and heterofermentative lactic add 
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hacteria. They also reported that Lactobacillus case; species exhibit higher number 

and greater activities of peptidases and esterases, when compared to other starter 

strains, including the primary strain used in Cheddar cheese industry (Lactococcus 

spp.). 

The present investigation explores the possibility of using the API ZYM 

technique as a rapid and simple me an to evaluate and localize nineteen different 

hydrolases of Lactobacillus case; species, and also to select strains with superior 

enzyme profiles, especiaJJy their peptidases and estt..rases, for accelerated maturation 

and enzyme modification of Cheddar cheese. 

MATERIALS AND METHODS 

Strains and Maintenance 

A total of 20 strains of Lactobacil!us case; ssp. case; (7), ssp. rlzamnosus (6) 

and ssp. pseudoplantarum (7) were used in this study. Lactobacillus case; ssp. case; 

(ATCC 334, ATCC 393, ATCC 25302, and ATCC 25303), ssp. pseudoplantarum 

(ATCC 25598) and ssp. rlzamnosus (ATCC 7469, ATCC 9595, ATCC 15820, ATCC 

12116 and ATCC 11982) were obtained from American Type Culture Collection, 

Rockville, MD. While Lactohacillus case; ssp. case; (ANO-I08, LLO, and S119), ssp. 

pseudoplalllarnm (L2F, L3E, llC, 137,83.4 and S8)) and ssp. rhamnosus (S93) were 

isoJated from a high quality Cheddar cheese. Ali strains were maintained on 

lactohacil1i MRS agar medium (Difco Laboratories, Detroit, MI)(De Man et al, 

19(0) at 4°C, and at -30"C in reconstituted sterile 20% (vol/vol) skim milk powder 

(Difco) diluted equally with MRS medl~rn, and were transferred triweekly. 



Cultures were revived by 2-3 consecutive subculturing in MRS hroth befme 

growth of cells fûr actual experiments. Fresh early stationary phase cells \Vere 

prepared by inoculation of 0.01 % of active culture in 300 ml of MRS broth and were 

incubated at 30°C. Growth was arrested by cooling at pre-standardized growth 

parameters indicating late logarithmic phase (when optical density reachcs 1.0 at A«., 

(Spectronic 20) with concurrent arrivaI of medium pH to approximately 5.0 anù the 

viable count (measured as colony forming units/rnl) to approximately lx 10"/1111. 

Disintegration and Fractionation of cells 

The subcellular fra{.üonation scheme is outlined in Figure 10. Cells l'rom the 

late logarithmic phase were harvested by centrifugation (10000 x g for 15 min). 

0.05M sodium phosphate buffer (pH 7.0) was used to wash and su~penù the ccll~. 

250 ml of washed celI su~pension (adjusted to 0.0. 1.0 at Atm) wa~ centrifuged and 

resuspended in 6.0 ml (approximately 25% cell slurry) of the ~ame buffer. A 

Brinkmann ballmill Type MM2 (Brinkmann Instruments Ltù., Rcxùale, Ont., 

Canada) was used to break the cells (Appendix III). The wholc proce~~ of 

disintegration and fractionation was carried out at 4°C. 80th the ccli free cxtracl and 

the pellet of cell wall and membrane fraction were diluteù to 250 ml by "odiulll 

phosphate buffer, and a portion (25 J.d) of which was u~ed for the API Z y M a~~ay. 

AlI experiments were performed in triplicate. 

The disintegration efficiency was monitored by measuring protein content of 

cell free ex tracts and by counting colony forming unit~ of œil ~lI~pen~ion~ bcforc and 

after the disintegration. The process re~ulted in > 90% disintegration of ccll~ for ail 

the strains. 
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API ZYM Assay Procedure 

The API ZYM kits were obtained from API laboratory Products Ltd. (St. 

Laurent, Oué., Canada). 25 1-'1 of cell free extract or celI suspension was added to 

each of the 19 cupules containing dehydrated chromogenic enzyme substrates, and 

the strips were incubated for 4 h at 37°C. The addition of the aqueous sample 

rehydrate~\ the substrates and initiates the reactions. Hydrolytic action of respective 

enzymes or; naphthyl derivatized substrates results in the release of B-naphthol, 

which was detected by the detector reagents (A and B) supplied with the system. A 

humid atmosphere was provided during incubation by dispensing approximately 5 ml 

of tap water in the incubation tray provided with the enzyme kit. The reaction was 

terminated by the addition of one drop of reagent A (tris (hydroxymethyl) 

aminomethane; 250g. hydrochloric acid; 110 ml, sodium dodecyl sulfate; 100g, 

distilled water; 1000 ml q.s.), and the color was developed by the addition of one 

drop of reagent B (fast blue BB;3.5g, 2-methoxyethanol;1000 ml q.s.). 

The Activity was measured by comparing the color developed in 5 min to the 

color chart provided by the manufacturer, and was expressed on a scale of 0 (no 

activity) to 5 (maximum activity; ~40nM of chromophore released). 

Protein assay 

Protein was determined spectrophotometricaUy by the BCA (bicinchoninic 

acid) assay reagent supplied with the system (Pierce Chemical Ltd., Rockford, 

IL)(Smith et al, 1985). The method combines the weIl known reaction of protein with 

CU~I in an alkaline medium (yielding Cu+) with a highly sensitive and selective 
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detection ofCu+ with bicinchoninic acid. Bovine serum alhumin (SIGMA Chcmicals, 

St. Louis, MO) was used for the standard curve (Fig. 1). 

RESUL TS AND DISCUSSION 

Although Lactobacillus casei strains showed variations in specifie activitic!-.. 

aU showed similiarity in the presence or ab!lence of the type of cnzyme!-.. Figure Il 

shows the typical enzyme p"ofile of Lactobacillus casei. The presence of wcak 

proteinases (trypsin and (hymotrypsin with mean aetivities of 0.1 ilnu 0.2 

respectively), and high reptidases (leucine- a1ld valine-aminopeptida!-.c with 

respective means of 4.7 anJ 4.4) and esterase-lipases (C4 and CH with mcan aetivitic!-. 

of 1.4 and 2.4) are the desirable traits for their use in accelerated ripening of checse 

and production of cheese f1avorings. Cheese starters with low proteina!-.c anu !:-Itrong 

peptidase activities are also found useful in redudng bitternc!-.s and improving hody 

and texture defects, which are often caused hy most of the microhial prcparati()l1~ 

when used as cennet substitutes (Law, 1984). In addition, "~oapine~~" ucfeet call~ed 

by the accumulation of long chained fatty adds in many ripened chec!-.c varitic~ can 

be removed by using strains with strong estera~e-lipase activitic~. 

The API ZYM technique was also applied on ccII free cxtracb and ccII wall 

and membrane fractions, in an attempt to localize enzyme~ in thc~c ~lIhcclllllar 

portions. Although the severe disintegration condition~ rc~ultcd in varying lo~~ of 

activity of certain enzymes, aIl enzymes of whole cell profile could he rccovcrcd in 

either of the two fractions. B-galactosidase and pho~phoamida~e ~howcd greater Im~ 

(95% and 70% respectively) and wide variation~ among rcplicatc cxperiment~, 

whereas activity of a-fucosidase was increased upon disintegration. 
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Figure 12 depicts the relative proportion of activity of different enzymes in 

cytopla"mic and cell wall and membrane fractions. While ail aminopeptidases were 

prcdominantly found in the intracellular fractiO!J (> 80%), phosphatases were mainly 

dctected in the cell wall and membrane fraction. Esterases and lipase activities were 

oh~crved in both cytoplasmic and ceU wall and membrane fraction. Among the 

various carbohydrases tested, galactosidases and glucosidases were intracellular, 

whereas a-fUC()~idase, a-mannosidase anrl B-glucuronidase were cell wall and 

memhrane a~sociated. No activity was detected in the extracellular fraction. 

ln arder to study the influence of mechanical disintegration, two other 

mcthod!' of enzymatic lysis were tried. White lysozyme treatment (Exterkate, 1984) 

failco to Iy~e cell~ of ail the twenty strains, the other method of using a lytic enzyme 

(Ishiwa & Yokokl.Jra, 1971) interfered with the resuIts of API ZYM technique due 

10 the pre~ence of eontaminating enzymes in the preparation itself (Chapter 1). 

The pcptida~e and lipase profiles of the 20 strains were compared to sereen 

the one!l with superior traits for our ongoing project of prodt.ction and utilization of 

the~e enzymes for accelerated cheese maturation and f1avor production (Fig. 13 and 

14). Ali the 20 strains showed relatively weak esterases and lipase activities, as 

compared to peptidases (Fig. Il). However, when compared to other cheese ~trains; 

Lactococclis spp. (Lee et al, 1986) and Pediococcus spp.(Tzanetakis & Litopoulou­

Tzanetaki, 19H9), Lactohacillus casei species contain superior esterase and lipase 

activitics. Since leucine and valine aminopeptidases showed maximum activities (~5) 

for mŒt cf the !o.trains, !o.eparate experiments were performed for these enzymes at 

lowcr ccli concentration (0.0. 0.2 ut ~). Overall profiles showed that Lactobacillus 

ca.wi s!o.p. r!um1ll0.\l/J strains contained greater activities for both 1 ipa~es and 

aminopeptida!les followed by Lactobacillus casei ssp. case; strains (r,ïg. 13 and 14). 



AlI strains showed higher aminopeptidase activity again~t Icucine followcd hy valine 

and cystine. Likewise higher esterase-lipase activity was ohservcd in ail the l\Vellty 

strains for caprylate (Cs) followed by butyrate (C.) and myri~tatc (C\.). Thi~ ~ill1iliar 

rdati':e responses of aIl the !ltrains to the variolls sub~trates of lipa~e~ and pcplida"c~ 

sllggest that either a single aminopeptidase as weil a.., lipa~e may he IC~pOlhlhlc for 

the activity or LactoIJacillus ca..~ei species contain ~al11c nUl1lhcr of CIl/YIlK'-.. 

During the course of investigation Lac(ohacillll.\ ca.wi ~~p. rhal1ll1o\w ~train 

ATCC 15820 showed abrupt los!l of activity for peptida~e~\, e~tera~e~ and m<lny nlher 

hydrolytic enzymes, whereas, the fresh revivcd cell~ from it~ Iyophili/cd l1lothcr 

culture exhibited the original enzyme profile. Similar lo~~ of clllyl11e~ adlvity ha~ abo 

been reported in a previoll~ API ZYM ~tudy carried out 011 proteilla-.c-dcliciclll 

mutant of PSCUd(AnOna\ jluorescens (McKeller, 19H5). Thu.." thc methml may abo hl' 

useful for quick a!lse~sment of phy~iological activity of ~tartcr ~trail1~ in illt!tt..,lrral 

quality control lahoratories which is often influenced by variOLh rca~()n.." ..,uch a.., 

microbial contamination, phage attack and loss of pla"'l11id(~). 

The presence of high B-galactosidase (mean activlty of 3.7)(Fig. 17) and (.r­

and l3-glucosidase activities (respective means of 2.0 and 2.S)(Fig. 16), and relatively 

low activities toward other carbon source~ ~lIch a~ manno~e, fuco..,c ami glllcur()nidc~ 

( < 1 )(Fig. Il) suggest that Lactohacillus Ca..\CI ~pecic~ prcfer lacto~e and glllCŒC 

sugars for their carbon and energy requirement. Althollgh fa~t lact()~e utJlii'atioll hy 

many lactobacilli is a desirable character in yogurt and many other fCllllcntc(1 milk 

products including many chee se varieties, exce~~ive acid production hy ladohacilli 

restrict their use as primary starters in chee~e making. Th<.: prohlclll c:tn, how<.:ver, 

be solved by genetic development of strain ... with dc~ircd !a~t(N! Illda!Jollc actlVlty. 

Ali the ~;trains showed weak activities for o:-gaiactŒidic bond. The prc ... ellcc 01 ~trollg 

l3-galactosidase activities in ail the twenty ~traip.s (Fig. 17) I~ abo 1 mllcative (JI the 



69 

occurrence of lactose permease system as one of the possible efficient mechanism 

for lacto~e tran~port in Lactobacillus case; species. Strong glycosidases help them 

hydroly~e ail glucose polysugar~ Iinked by either alpha or beta linkages, with the 

exception of Lactohacillus ca'iei ssp. rlzamnosus strains, which showed relatively weak 

u-glyc()~idase activitie~ (Fig. 17). High acid phosphatase and acid phospho-hydrolase 

activitie~ (Fig. 15) as~ociated with the cell wall and membrane (Fig. 12) are useful 

in metabolizing ph()~phates in the acidic external environnl(:mt prevalent in cheese 

maturation. 

Although in earlier reports, the API ZYM me~hod was found suitable ta 

disti ngursh among various species of lactic acid baeteria (Lee et al, 1986), it was 

difficult to diffcrentiate strains withi n a species due to the close homology in their 

enzyme profiles. 

CONCLUSION 

The re~ults from this study indicate that the API ZYM test provides a rapid, 

simple and reproducible method, which may be used for the identification and 

cvaluation of starter strains for their specifie physiological activities. The enzyme 

system i~ also useflll for a qllick and reliable as~es~ment of locaIization of enzyme~ 

in different subcelllllar fractions. The information obtained from API ZYM enzyme 

profile~ will help starter companies to assess pertinent enzyme activitie~ of starter 

strains they provide for industry. With more re~earch, strains may be selected which 

will provide optimum enzyme activitie~ to catalyse desirable reactions in food 

~ystcl11!-.. API ZYM enzyme profile studie~ on Lactobacillus ca'lei strains indicate the 

presence of many de~irahle traits for its use in enzyme modification of ripened 

chccse va rieties. 
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Table 3. Enzymes detected through API ZYM system. 

Enzyme Substrate Cupule Numbcr 

Esterase (C4) 2 naphthy,\ butyrate 83 
Esterase-lipase (Cs) 2 naphthyl caprylate E4 
Lipase (C I4) 2 naphthyl myristate ES 

Leu. aminopeptidase L-Ieucyl-2· naphthylamide E6 
Val. aminopeptidase L-valyl-2-r aphthylamide E7 
Cys. aminopeptidase L-cystyl-2-naphthylamldt: E8 

Trypsin N-benzoyl-DL-Arg-'2-naphthylamide E9 
Chymotrypsin N-Glu-Phe-2-naphthylamide EIO 

Alk. phosphatase 2 naphthyl phosphate E2 
Acid phosphatase 2 naphthyl phosphate Ell 
Phosphoh ydrolase Naphthyl AS BI-phosphate El2 

a:-galactosidase 6-Br-2-naph thyl-aD-galactopyranoside EI3 
{3-galactosidase 2-naphth y 1-{3 D-galactopyranoside EI4 
{3-g1ucuronidase NaphthyJ-ASBI-pD-glucllronide EI5 
a:-glucosidase 2-naphthyl-2-D-glucopyranoside EI6 
,B-glllcosidase 6-Br-2-naphthyl-pD-gl ucopyranoside EI7 
a:-glucosaminidase I-naphthyl-N-acetyl-I3Dglucosaminide El8 
a:-mannosidase 6-Br-2-naphthyl-2· D-mannopyranoslde EI9 
c.!-fucosidase 2-naphthyl-a:L-fucopyranoside E20 
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t Figure 10. Procedure for preparation 01 subœl1ular fractions for API LYM and peptidase .... ys. ~ 
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Figure 11. A characteristic enzyme profile of Lb. ('asei. Rcsults are the average 
values of API ZYM results (in triplicate) of 20 strains (bars dellote ~talldard 

deviations). E2 to E20 represent 19 enzymes of API ZYM kit. Color mtcl1\lly: 

o = no activity, 1-4 = intermediate activity, and 5 = maximum activlty (>40 nM 
of chromophore released) . 



{ .. 

6 

5 

4 

~ 
~ 3 ... 
o 
8 

2 

o 

73 

r 

~ i ~ ~ il; 1 1 ~ ~ 
, 

1 , 
T , 

Enzymes 

Figure 12. Localization of Lb. casei enzymes in subcellular fractions. (8) 

intracellular, (D) Membrane bound. Results are the average values of API ZYM 
results (in triplicate) of 20 strains (bars denote standard deviatbns). E2 to E20 
represent 19 enzymes of API ZYM kit. Color intensity: 0 = no activity, 1-4 = 
intcrmcdiate activity, and 5 = maximum activity (~40 nM of chromophore 
released). 
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Figure 13. Aminopeptidase profiles of Lb. case; ssp. rhamnosus (7469 to 
11982) ssp. pseudoplantarwn (137 to S81) and ssp. ca.\'ei (108 to 119). Leu. 
aminopeptidase at 0.0. 0.2 (-), Vat. aminopeptidase at 0.0. 0.2 (D), Cys. 
aminopeptidase at 0.0. 1.0 (0). Color intensity: 0 = no actlvity, 1-4 = 
intermediate activity, and 5 = maximum activity (~40 nM of chromophorc 
released). 
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Figure 14. Esterase-lipase profiles of Lb. casei ssp. rhamnosus (7469 to 11982) 
ssp. pseudoplantarum (137 to S81) and ssp. casei (l08 to 119). C4-esterase (-), 
Cg-esterase-lipase (0), C l4-lipase (0). ColoT intensity: 0 = no activity, 1-4 = 

intermediate activity, and 5 = maximum activity (2:40 nM of chromophore 
released). 
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Figure 15. Phospho-hydro1ases profiles of Lb. case; ssp. rhamnmu.\ (7469 to 
11982) ~sp. pseudoplantarum (137 to S81) and ssp. case; (l08 to 119). Color 
intensity: 0 = no activity, 1-4 = intermediate activity, and 5 = maximum actlvlty 

(~40 nM of chromophore released). 
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Figure 16. a and f3 glucosidase profiles of Lb. casei ssp. rhamnosus (7469 to 
11982) ssp. pseudoplantarum (137 to S81) and ssp. casei (108 to 119). Col or 
intensity: 0 = no activity, 1-4 = intermediateactivity, and 5 == maximum activity 
(~40 nM of chromophore released). 
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Figure 17. Q and B galactosidase profiles of Lb. case; ssp. rhamnosus (7469 to 
11982) ssp. pseudoplantarum (137 to S81) and ssp. casei (108 to 119). Color 
intensity: 0 = no activity, 1-4 = intermediate activity, and 5 = maximum activlty 
(;?;40 nM of chromophore rcleased) . 



L 

79 

Comparative Studies on Peptidases of LactobacilllLv ~!'sei Species 

KEY WORDS 

LactobacilJus ca'lei, Dairy Microbiology, Peptidase, Cheese, Starter, Enzymes, Lactic 

acid bacteria. 

ABSTRACT 

The objective of this study was to isolate strains of lactobacilli containing 

peptidases of high specifie activities and wide spectrum specificities for the enzyme­

modification and accelerated ripening of Cheddar cheese. Six selected strains of 

Lacfohar-illus ca'lei (ssp. casei, ssp. pseudoplantarum and ssp. rhamnosus) were 

evaillated for their amino-, di-, tri- and carboxy-peptidase activitie!, using 30 different 

~ymhetic peptides and peptide derivatives. AIl six strains showed sirnilar substrate 

~pecificities towards various peptides, except for Phe-Pro, which was only hvdrolysed 

by Lacfohaci!lus C{L\ci ssp. cCL\'ei ~trains. Analysis of variance revealed significant 

diffcrcnces among strains with respect to their specifie activitic~. Ove rail profile~ 

showcd that Lactohacillus casei ~lIbspecies contained high ami no- and di-peptidase, 

with relativt>ly weak tl i-peptida!lc activities. Lactobacillus casd s~p. casei strains LLG 

and ATCC 393 had the highest di- and tri-peptid.lse activities respectivcly, whereas 

Lactobacillu\' CcL\ei s~p. rlzaml/05US S93 contained the highe~t activities for leucine-, 

lysine. alanine-, valine- and methionine-aminopertida~:;." and proline-iminopeptida~e. 

The dipeptidases of all the six strains exhibited 8-10 time~ higher affinity for Ala-X 

dipeptidcs. Highest activities for amioc)- and di-peptida~es were observcd with 
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leucine p-nitroanilide (256 JLmoles/min/mg of protein) and Ala-Met (4976 

absorbance units/min/mg of protein) as suhstrates. LactohucillllS CllSl'i ~~p. ms!'i 

strains showed strong activities against hitter peptide~ (Phe-Pro, Pro-l'hl" Plo-Ik) 

and sulfur containing amino- and peptide- derivative~ (methioninc p-llitroal1llidl:, 

cysteine p-nitroanilide, and Ala-Met), which are of great importance in dehitterillg 

and ripening of cheeses. None of the strains showed any detectahle carho>.ypcptida~e 

activity, when tested on sc..ven carboxyl-end-suhstituted peptides. 

INTRODUCTION 

Proteolytic enzymes of cheese starters have a major contribution to 

rheological attributes of ripened cheese varieties such a~ hody and texture, a~ weil 

as the color and flavor of the finished cheese. Hence many att~mpt~ have been made 

in the past decade to modify or enrich chee~e flavor!'l, and to accckrate chee~c 

ripening by supplementing this biological ~y~tem with CX()gCI1()lI~ lood glade 

proteinases (Law & Wigmore, 1982). The major prohlem a""ociated wlth the~e 

microbial proteolytic preparations is their indi~criminat()ry and gro~~ proteoly~i!'., 

which results in poor body, and often a hitter ta"te. With the !'.cicntil'Ic IIllorll1atio/l 

at hand, cheese starter~ with low proteina~e and high pcptlda~e actlvitic~ arc 

believed to give desirahle body and f1avor with no hittcrne~~ (El Soda et lIl, 197Xa). 

Both modern and traditlonal mcthod~ of the manufacturc 01 ('heddar chce"e, 

aged longer than three month!'l, rely upon the chance prc"cnœ of laclobacilli to 

facilitatc the later stages of ripening (John~ & Cole,," 1 ()5<J). Prelimillary rc~ulh 

obtained from our lahoratory demonstrated that L(lctohun/lu\ ('wei ~lIb~pecie!'. 

proc_uce a greater range of enzyme~ than do the la<.tococ,'1 'lLarter!'., and that tllc 

enzymatic sy~tem (peptida~e~ and cstera~c'l) appcar" to be rc!'.pon"ihlc for tlle 
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development of the desirable flavors (Lee et al, 19X6). El Soda et al (19H la) in a 

similiar study indicated that Lactobacillus case; peptidases cause an acccleration of 

cheese ripening without any significant differenœ in the ove rail composition of 

cheese, V/hen compareti to the control sample. Though sorne authors have studied 

the peptidases of different lactobacilli (Brandseater & Nelson, 1956h; El Soda & 

Desmazeaud, 1982; Hickey et al, 1983; Frey et al, 1986a; Aho-Elanga & ptapp, 19H7), 

very little information is available on the enzyme systens of Lacto!JtlCillus Cll.\'('; 

subspecies. 

The paper reports on specificities and specifie activities of peptidase~ of six 

strains of Lactohacillus casei selected from their supcrior enzyme profilc~ (Arora e: 

al, 1990). The study provides a better understanding for their role in accelcration of 

cheese maturation and enzyme modification of cheeser.. 

MATERIALS AND METHODS 

Preparation of crude ceil· free extracts 

The foUowing six strains of Lactobacillus case; were used for the ~tudy: 

Lactobacillus ca..'îe; ssp. case; (ATCC 393) and ssp. rhamnosus (ATCC 15H20) werc 

obtained from American Type Culture Collection, Rockvillc, MD, whilc 

Lactobacillus case; ssp. case; (LLG), ssp. pseudoplantarum (L2F and X3.4) and !o.~p. 

rlzamnosus (S93) were isolated from a high quality Cheddar chce!o.c. 

Strain maintenance, propagation and the preparation of crude ccll-free 
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ex tracts were accompli.;hed as previously described by Arora et al (1990). Cell growth 

was measured by counting colony forming UT!its on !actobacilli MRS agar medium 

(Difco Laboratories, Detroit, MI). erude enzyme was passsed throu~h disposable G-

25 (Pharmacia PD 10) column 10 remove amino acid residues and thus avoid high 

hlank values with Yemm and ü~r.king (1955) reagent used in di-, tri- and carboxy­

peptidase assays (Fig 10). 

Aminopeptidase activity 

Aminopeptidase activities were measured on ehromogenic substrates (p­

nitroanilide derivatives of L-anomers of leucine, lysine, alanine, valine, arginine, 

proline, methionine, and glutamine) by the method of El-soda et al (1982). The assay 

mixture contained 0.25 ml of the substrate (16.4 mM in methanol), 6.0 ml of sodium 

phosphate buffer (0.05 M, pH 7.0) and 0.25 ml of enzyme solution (1.2mg 

proteinjm!). Samples were drawn at differp~t time intervals of incubation, and the 

enzyme activity was measured by absorbanc. .. ~ at 410 nm. The concentration of p­

nitroaniline was ca1culated from the derived value of molar ab~orption coefficient 

(f = 9024 M Icm'I) (Fig. 2). Under the conditions of the assay, a linear correlation 

was observed for enryme activityjtime with all the substrates. Dipeptidyl­

aminopeptidase activities wereassa)..:d using acetyl-alanine-, glutarnyl-phenyl alanine-

and alanyl-alanine- p-nitroanilide as substrates. 

One unit of enzyme activity was defined as the amount of enzyme required 

to release 1 Ilmole of p-nitroaniline per min under the conditions of the assay. 

Specifie activity was expressed as units/mg of protein. 
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Di-, Tri- and Carboxy-peptidase activities 

Dipeptidase activities were measured on Ala-Met, Ala-Phe, Ala-His, Leu­

Tyr, Pro-Ile, Pro-Phe, DLeu-Leu, Phe-Pro, and Leu-Leu, tripeptidase activities on 

Gly-Ala-Tyr, Gly-Glu-Phe and Gly-Leu-Phe, and carhoxypeptida!lc activ;!ic~ on the 

following carbo-benzoxy (CBZ) peptides; CBZ-threonine, CBZ-tyrmine, CBZ­

leucine, CBZ-arginine, CBZ-glycyl-alanine, CBZ-phenyl alanyl-alanine, and C'BZ­

prolyl-D-Ieucine. The hydrolysis of synthetic substrates was carricd out at 30"C ami 

the activities were determined by the estimation of the liherated amino aci<.l~ hy 

modified Yemm and Cocking reagent (Matheson & Tattrie, 1964). The rt'action 

mixture (500 Ill) contained 50 III of peptide solution (5 mM in sodium phosphate 

buffer), 400 JLI of sodium phosphate buffer (0.05 M, pH 7.0) and 50 ILl of cnide 

enzyme (1.2 mg proteinfml). Aliquotes (0.1 ml) were taken at different lime 

intervals and the reaction was arrested by the addition of SO J..d of 0.1 M aœtic acid. 

One unit of the enzyme activity was defined as the amount of enzyme 

required to cause an increase of 0.01 unit of absorbance at 570 nm per min LI nder 

the conditions of the assay. 

Chemicals and reagents 

Unless otherwise specified, ail amino- and peptide- derivatives lI!'1cd in thi!'l 

study contained L-anomers of aminoacids, and were purcha!led from SiGMA 

Chemical Company, St. Louis, MO. 
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Protein assay 

The protein content of the crude cell-free extract wa~ determined by the BCA 

(bicinchoninic acid) assay reagent supplied with the system (Pierce Chemical Ltd., 

Rockfard, IL)(Smith et al, 1985). Bovine serum albumin and p-nitroaniline 

(SIGMA) were used for the standard curves, (Fig.1). 

Statistical analysis 

The experimental design was of complete randomized type. Analysis of 

variance was performed by Duncun's multiple range test using SAS computer 

program (Snedecor & Cochran, 1980), (Appcndix 1). 

RESULTS AND DISCUSSION 

Cell-free extracts of six Lactobacillus case; species were tested for the; i: 

peptidase activities on 30 synthetic peptides and peptide derivatives. Overall proH'es 

indicated the presence of high amino- (Table 4) and di-peptidase (Table 5) activities 

and low imino, dipeptidyl ami no- (Table 4) and tri-peptidase (Table 6) ar.tivities in 

ail the strains. Similar observations have been reported for other Luctohacillus 

spccies hy previous investigators (Hickey et al, 1 Q83; Frey et al, 1986a). AlI the six 

strains also showed similarity in substrate specificities for different peptidases, which 

could he attrihuted ta their close taxonomical relationship. However, they differed 

significantly in relative biomass production, intracellular protein yield (Fig. 18), and 

in their specifie activities against different peptides. 
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As shown in Table 4, Lactobacil!us casei specles hau wide'~pectrum 

aminopeptidase activity profiles by being active against cight out of clewn ~llh!-otratcs 

used in the study. Highest aminopeptidase activities wcrc obscrvcd again~t \cucille 

p-nitroanilide for ail the strains (P<O.05). The!le results differ \Vith the finding~ of 

Frey et al (1986a), who reported higher activities for lysine than tho~e of \t'ucinc 

aminopeptidase. None of the strains contained glutamine aminopeplida~c activity. 

While Lactobacillus casei ssp. rhamnosus S93 !lhowed the greater é.lminopeptida!-oe 

activity against most of the substrates (P < 0.(5), highest arginine amlllopq>tida~e 

ac.tivities were observed in Lactobacillw case; ssp. c(L',ei ~trains (LLG and AH '(' 

393). Bath strains of Lactobacillus casei ssp. pseuaoplantarum hac relatively pllor 

aminopeptidase activity profiles when compared to the other two sl1b!-opecic~. Ail the 

strains contained low but distinct iminopeptidm:t! activity again~t prollnC p­

nitroanilide. When compared to Jactllcocci, however, lactobacilli wcrc rcportcd to 

possess superior iminopeptidase ~ctivity (Hickey et al, 19H3). Dipcptidyl 

aminopeptidase activity assays results ~howed the ahility of ail the !lix ~train~ to 

cleave AJa-Ala p-nitroanilide\ whereas they failed to hydrolY!lc the other two peptide 

derivatives. Both imino- and dipeptidylamino·peptida!le activitie~ wcre ~lgnitical1tly 

higher (P < 0.05) for Lactobacillus case; ssp. rlzamnosus S93 (Table 4). 

Dipeptidase activities were assayed using nine uipeptidc~ (Table 5). ()vcr~dl 

dipeptidase profiles indicated close resemblance among the ~train" in thcir "uh..,trate 

specificities, with the exception of their action agaimt Phe-Pro dipcptiuc, whl(:h wa~ 

only hydrolysed by Lactobacillus case; ssp. cwei !ltrai n" (LLG and ArCC 3(3). 

Lactobacillus cQ.-''iC; S!lp. case; strains also contained supcrior activitic:-, againq the 

other two bitter peptides (Pro-Phe and Pro-Ile) llsed in the !Iwuy. Thi" i.., a de"irable 

cnaracter for their use 3S cheese starters to prevent bitternc!I'- in ripcllcd chcc"c~. 

Bitter tas tes are often caused by most of the commercial protcina"c" lI~ed for the 

acceleration of chee se maturation . 
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Ali the strains exhibited higher dipeptidase aŒnity (8-10 times) for dipeptides 

having alanine on its carboxyl end (Ala-Phe, Ala-Met and Ala-His). Among the 

various dipeptides tested, maximum 8ctivity was observed against Aja-Met in five out 

of ~ix strains. Release of methionine during cheese maturation through the action 

of .... trong methionine aminopeptidase and Ala-Met dipeptidase activities has an 

important contrihution for the development of Cheddar cheese flavor (Law, 1984). 

Luc!ohacillus ca'îe; ssp. casei strains LLG and A TeC 393 showed the higher 

dipeptidase activities (P<O.05) against aIl the di peptides used in this study. 

While ail the six strains showed the ability to c1eave the three tripeptides 

assayed in this study, highest activities were observed against Gly-Leu-Phe 

(P<O.05)(Table 6). When compared to dipeptidase activities, Luctobacillus casei 

.... pecies seemed to have weaker tripeptidase activities. Similar to dipeptidase profiles, 

Lactohacil/us case; ssp. caçei strains (ATCC 393 and LLG) cleaved tripeptide more 

rapidly than ssp. rlwmnosus and ssp. pseudoplantarum strains. 

No carboxypeptidase activity was delected under the conditions of the a .... say 

du ring the two hours of incubation period, when te .... ted on seven carboxyl end 

suh .... tituted peptides. Reports From no carhoxypeptidase (El Soda et al, 1978a; Hickey 

et al, 19X3) to weak carboxypeptidase activity (El Soda & Desmazeaud, 1982) have 

hren reported in various other lactobacilli. More recently, Abo-Elanga & Plapp 

(19X7) showed the pre~cnce uf a carhoxypeptidase with broad specificity in a 

Lactol>acillus CfL'îl'i ~train hy activity staining on gel electrophoresis, but failed to 

i~olate the enzyme. 

Ali the enzyme assays were performeù with fixeù protein levels of crude 

enzyme. We also meaSlJieJ the release of intracellular protein and the relative 
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biomass of each strain grown, harvested and disintegratcd undcr idcntical 

experimental conditions (Fig. 18). Preliminary growth studies of LllCrohllcillu.\ ~pccic~ 

indieated the end or the logarithnlic growth phase, when the viable cOllnt (m('LI~ured 

as CFUjml) reaches approximately lx109 jml with corre~ponding valllc~ of optkal 

density of approximately 1.0 (Atm) and medium pH of applll,<imatcly S.O. Âmong t!lI .. ' 

six strains tested, Lactohacilll '> casei s~p. rhamllo.\us 593 rC~lI1tcd in highc~t hiol1la~~ 

with the lowest protein yield, whel\.!as Lactohacillus casei s~p. p.\(JIilJop/lll/tlmwl L:!F 

produccd maximum protein from lowest ccli mass. 

CONCLUSIONS 

The results of this study indicate the pre!-.ence of broa<.l pcptida~e ~pccllïcitic~ 

and high peptidase specifie activities in Lactohacil/us cwei ~pccie~. Among the ~ix 

strains studied, Lactohacillus casé ssp. rlzal1lllo.\liS 593 !-.howe<.l the highe ... t umino- and 

imino-peptidase activities, whereas Lactohacillus ca.\ei ~"'p. ('wei ... train~ (LI Ji and 

ATCC 393) had superior di- and tri-peptidase activitic~. Jn addition, l,tlc(ohaClllll\ 

ca.;ei species showed promising ahility to hydrolyse hitter peptide ... and produce high 

free N, which have important bearing on Cheddar cheese tlavor . 

.J 
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Table 4. Aminopeptidase specific activities l of different strains of Lactobacillus casei. 

Strains2 

ssp. rhamnosus ssp. pseudoplantarum ssp. casei 

Substrate 1 S93 15820 L2F 83.4 LLG 393 

--------------- specific a..-:tivit;es 

Leucine 2S6(2)'A 66(ltA 95 (3)"A 89(SyA 118(S)bA 109 (2 r 
Lysine 91(5)'0 56(lrD 23(l)dC 5 ;cB 91,8 82( l)bll 

Melh ionme 99(1)'8 23(ltD 30(1)"8 31d: 42(2)bO 38(llo 

Argintnc 63(9t' 42(4)bC 8(3)"° 30(2)bC 74'c 69(1)'C 
'" '1 Alanine 54(3)'CD 19(2tDE 17(ltC 22dO 34(lyE 39(lt:. 

Va:mc 39(4)'1J IS( 1 tl: 19(2)bC 17(ltD 20(1)bF lS(ltF 

Prolinc 16(3)'1. S(l)bF 3bE 3bE 3bG 4b~ 

Glulaminc 0 0 0 0 0 0 

Ala- A!a S,I 1 cF 1 cE 2bcE 2bG 1 cF 

Ace-AJa 0 0 0 0 0 0 

Glu-Plie 0 0 0 0 0 0 

1 Ali Ille,,,,, rl'pft!~enl ou:,hcale analyses made 011 cell·free extracts of three fermentatIOns (± S.E. lU parenthe~es). 
'Suh~pl'clc~ (~~p ) of ~(/(tob(/cllJu.\ casei. 

'Ali ~Jh,lr:tlcl'> arc p nltro30lltde oenvahves of L anom~nc amino aClds . 

•. h,·JMl'lIn~ \VIth the -;ame letler wllhm the row are not slgmficantly dlfferent (P< .05). 
\,11('111" h hl' l ' f~ .. , . 1\:"~lO'" WII t e !-ame ellt>, "~.Ihm the co umn are not slgmficantly dl erent (P< .05). 



Table 5. Dipeptidase specifie aetivities l of different strains of Lactobacillus ca.'i(Ji. 

Strains2 

ssp. rhamnosus ssp. pseudoplantarum ssp. ca.'\(JI 

Peptide3 S93 15820 L2F 83.4 LLG 393 

--------------- specifie activitie'i 

Ala-Met 22360
" 2148a1A 2149"'8 i816d

J. 4976'" 3950hA 

(98) (126) (87) (150) (55) ( 163) 

Ala-Phe 1359b8 109ge8 20250
1\ 1425h8 2225"11 1459"11 

(31) (142) (62) (96) (74) (81 ) 

Ala-His 1212e8 1140e8 2535"" 139708 1989hll 16061>.11 

(70) (44) (265) (235) (215) (22) 

Leu-Tyr 259bC 157bcC 223bcC 138«: 4040
(' 462'( 

(1) (41) (9) (9) (38) (59) 

Pro-Ile 133"'-CO 58dC n cdC 65cdC 267'(11 160,,11 

({' .) (16) (12) (29) (33) (21 ) 

Pro-Phe 40eD 44«: 79bcC 44«: 1 42'('1! 124'10" 

(4) (12) (4) (35) (8) 

D Leu-Leu 38"'D 22alC 22alC 7dcC 59'hl) 77'" 

(7) (7) (7) (15) (lI) 

Phe-Pro 0 0 0 0 21 hl! 126,1) 

(6) (73) 

Leu-Leu 0 0 0 0 0 0 

1 AIl mean .. represent dupheate analyses made on eell-free extracts of three fermentatJOn~ (± S. E. In parcnthc~c!'». 

2Suhspecle~ (,.~p ) of Lactobacillus caçe;. 

lOtherwlM! Indlcated ail peplldes eon~h' Ilte L anomerle ammo aClds . 

•. b.c.dMcan., wlth th!:: <;ame letter wlthm 1 he row are not slgmficantly dlfferent (P< .05) 

A.B.C·I!Mean~ wllh the !.ame lelter wlthlr the colulJln are not sigmfieantly different (P< .05). 
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Table 6. Tripeptidase specifie aetiviûes' of different strains of Lactobacillus casei. 

Strains2 

ssp. rhamnosus ssp. pseudoplantarum ssp. casei 

Pcptidc1 S93 15820 L2F 83.4 LLG 393 

------------ specifie aetivities 

Gly-Lcu-Phe 79hA 45bA 42bA 28bA 219"A 214"A 
(7) (8) (18) (1) (6) (35) 

Gly-Ala- Tyr 36hB 16bB 9bA 27bA 126"" 128,11 
(3) (1) (3) (42) (3) 

Cily-Glu-Phe 20h11 14bB 32bA ] 8bB 17bC 59'11 
(4) (4) (2) (1) (18) 

1 Ali I11Clm., rCI'ft!Mmt Juphcate analyses mnde on cell-free extracls of three fermentations (± S.E. in parentheses). 

:Suh"p~':le:- \ ~"p ) of Lacto/mcillu.1 cafei. 

'Ali IICP"':::', I.:On.,tltutt: L anomenc ammo acids . 

• hMl'lll1~ \\ Ith the "HIllt: letler wllhm the row are not significantly dlfferent (P< .05). 

,\ IIMean~ wlth tilt-' "mue 1\!t1er wllhm the column are not significantly dlfferent (P< .05). 

90 
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Purification and Partial Characterization of Aminopeptidase from 

LUlobacillus case; ssp. case; LLG and Lb. casei ssp. rhamnosus S93. 

KEY WORDS 

Luclolwcillu.'î case;, Aminopeptidase, Cheddar cheese, Enzyme purification. 

ABSTRACT 

An aminopeptidase of broad specificity has been purified to homogeneity from 

Laclo/Jacil/us ca'îe; ssp. caçei LLG and ssp. rhamnosus S93 hy Fast Prote in Liquid 

Chromatography (FPLC). The desalted crude enzyme From ammonium sulfate 

fraction was purified on Mono Q ion-exchanger and by chromatofocusing on 

ampholyte exchangcr PBE-94. The low molecular weight implJrities were further 

removed hy gel-exclll~ion chromatography on Superose12 column. The purified 

enzyme of each strain appeared as a single band on native polyacrylamide gel 

elcctiOphoresis (PAGE) and sodium dodecyl sulfate-polyacrylamide gel 

electrophore~is (SOS-PAGE). The purity of the enzyme wa~ further confirmed hy the 

activity ~taining on suh~trate-coated blotted membrane. Aminopeptjda~c of both 

"train~ which con~tituted of a single monomeric form, had a molecular weight of 

ahout HS kd, an isoelectric poi.:t near 4.75. The paper abo describe~ a convenient 

and fa~t method of purification by FPLC system which was used for the purification 

of tht~ aminopeptidase of hoth strains. 



INTRODUCTION 

Lactohacilli are the predominant flora during Cheddar chee~e maturation (ShcI\vood, 

1937, 1939a & h; Johns & Cales. 1959; Fryer, 1969; Chapman & Shalpc. 19XI; 

Peterson, 1990) and play an important role in prote()ly~i!-l and lipoIY!-II", whlL'h ale 

considered to be the principal pathways of flavor and texture gencJatioll dllrlng 

cheese ripcning. The characteristic flavor of Cheddar cheese ha!-l hccn clmcly r dated 

to proteolytic activities in the cheese matrix (McGugan et al, 1979; A"ton ('1 tll, 

1983a & b; Aston & Creamer, 19;'~6). In addition to thcir ~iglllfi('ant mlc in 

generation of cheese flavor, peptidases From lactobacilh have aho becll creditcd wlth 

the elimination of bitterness (PetersOIl, 1990). The hitter la"~c~ are lI!-1l1ally call~ed 

due to hydrophobic accumulation of peptides (moleclllar weight 2 - lA kd)(Law & 

Kolstad, 1983) hy extensive proteolysi~ by rennet and other proteina..,c.., (1 ownc & 

Lawrence, 1972; Mills & Thoma~, 1980; Vis~cr et al, 19R3). The breal..dowll 01 1',IItCI 

peptides înLo non-bitter or sorne flavorful short peptidc!-I and :IIllIIlO ~lCllb hy 

hacterial peptidases appear to be the principle mcchani"m II1volvcd in the rCll10val 

of bitterness (Sullivan et al, 1973; Jago, 1974; Beehy, 19HO; Cliffc & Law, l'NO). 

Sillce carboxypeptida~e activitie~ are virtllally ab~ent in lactobacilli (llicl..ey et al, 

1983; Arora & Lee, 1990), they mainly rely on thcir strong aminopcptida..,c" lor 

variolls amino aCld reqllirements. 

Mo~t of the studies on peptida~e profile~ were d(JI1e on 1:,ICtoCOCCI dllc lO tllCir 

importance as primary strain used in Cheddar chee~emakJng. Ilowevcr, thc growth 

pattern studie~ on chee~e maturation c1early dem()n~trated the graJlIal dccllllC and 

replacement of lactococcal flora witl: n()n-~tarter flora, comtitllting primarily 01 

Lactobacillu.'1 ~pp. (Chapman & Sharpe, 1981). Further ~tlldic.., on protcolytlc <..,y..,tcll1<.., 

reported that lactobacilli posses~ed more activity of diffcrent peptida"c" than other 
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Jactic acid bacteria, including lactococci (Pettersson & Sjostrom, 1975; Hickey et al, 

1983; Ezzat et al, 1986; Lee et al, 1986). Lb. casei group showed the highest 

exopcptidase activiti~s against wide range of substrates (El Soda et al, 1978b; Abo­

Elanga & Plapp, 1987; Arora et al, 1990). Many investigations on cheesemaking with 

selected Lactohacillus strains or their enzymes as aojunct to normal starter showed 

improvement in desirabJe flavor with no bitter taste (Sherwood, 1939b; Lloyd et al, 

1980; Law & Wigmore, 1982; AbdeI Baky et al, 1986; Laleye et al, 1990, Lee et al, 

1990a & b). 

Attempts have been made in the past to detect the number of peptidases in crude 

cell-free extracts from different cheese-associated Lactobacillus strains by cell 

fractionation and activity staining (El Soda & Desmazeaud, 1982; El Soda et al, 

1983; Abo-Elanga & Plapp, 1987), and a few of them have al 50 been purified and 

characterized (Eggimann & Buchmann, 1980; Machuga & Ives, 1984; Atlan et al, 

1989). Although one dipeptidyl aminopeptidase, with highly selective specificity has 

been characterized from Lb. casei ssp. case; strain, complete purification was not 

successful (El Soda & Desmazeaud, 1981). This report is probably the first to 

demonstrate the presence of a single enzyme in Lb. casei species, which accounts for 

most of the aminopeptidase activities found in their erude extracts. The paper 

describes the purification and partial eharacterization of this enzyme from two strains 

of Lb. caçei (ssp. caçei LLG and ssp. rhamnosus S93). These strains were chosen 

because their enzyme studies exhibited superior peptidase profiles (Arora et al, 1990; 

Arora & Lee, 1990) . 
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MATERIALS AND METROnS 

Organisms and preparation of cell extracts 

Lb. caçei ssp. casel LLG and Lh. casel ssp. rhamnosus (S93) used for this study wcrc 

isolated from a high quality Cheddar cheese. Strain maintenance, propagation and 

the preparation of cell-free extracts were accompli shed as prcviou!lly dcscrihcd 

(Arora & Lee, 1990). Crude enzyme preparations were ~tored at - H~O(' in the 

presence of stabilizers (10% glycerol, 100 mM ammonium sulfate, 1 mM 

dithiothreitol) until further use (Neviani et al, 1989). 

Chemicals, Reagents and Equipments 

Unless otherwise specified, aIl chemicals used in this study were purcha!lcd from 

Sigma Chemicals (St. Louis, USA). A Fast Protein Liquid Chromatography (FPLC) 

system (Pharmacia, Upppsala, Sweden) was used for purification of the enzyme. It 

consisted of two P-500 pumps, an injection valve MV-7 with appropriatc lo()p~ and 

superloops for sample injection, a G-250 controller, UV monitor UV -) (having 1 cm 

optical path) set at 280 nm, a fraction collector Frac-lOO, a pH gradient monitor, and 

a REC-482 dual pen recorder. Pre-packed chromatography columns of Mono 0 IIR 

5/5 (5 cm x 0.5 cm I.D.), Mono P I-fR 5/20 (20 cm x 0.5 cm I.D.) and Supcrmc 12 

HR 10/30 (30 cm x 1.0 cm I.D.)(Pharmacia) wcre u~cù for jon-cxchangc, 

chromatofocusing and gel-filtration. respectively. Gel clectrophore~i~ wa~ pcrformcd 

on Phast system (Pharmacia) using native (8-25%), SDS (12.5(Yû, H-2S{Ir,) and 

Isoelectricfocusing (pH 4 - 6.5) mini-gels. Gels, staining dye (Cooma~ ... ic 0-250) and 

molecular weight markers for the electrophoresis were supplicd hy Pharmacia 
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(Montreal, Canada). Deoxyribonuclease (DNase) and ribonuc1ease (RNase) used for 

digestion of nucleic acids from cru de extract were pllrchased from Amersham 

(Canada) Ltd. (Oakville, Canada). Zeta-positive membrane useù for enzyme blotting 

was obtained from Bio-Rad Laboratories (Montreal, Canada). Ali other chemicals 

were of analytical reagent grade. 

Protein assay 

Protein was determined spectrophotometrically by the BeA (bicinchoninic acid) 

assay reagent supplied with the system (Pierce Chemical Ltd., Rockford, USA)(Smith 

et al, 1985). The method combines the weil known reaction of prote in with Cu2
+ in 

an alkaline medium (yielding C~·) with a highly sensitive and selective detection of 

Cu' with bicinchoninic acid. Bovine serum albumin (SIGMA) was used for the 

standard curve (Fig. 1). 

Aminopeptidase activity 

Aminopeptidase activity was measured by assaying the quantity of p-nitroaniline 

produced from the suhstrate (leucine p-nitroaniIide) by the method of El Soda and 

Desmazeaud (1982). The method was adapted to measure the enzyme activity of 

eluted fractions on micro-assay plate and was read in Lambda plate reader (Perkin­

Elmer Ltd., Montreal, Canada). The micro-assay mixture contained 10 "lof the 

suhstrate (16.4 mM leucine p-NA in methanol), 140 "lof sodium phosphate buffer 

(O.05M, pH 7.0) and 50 "lof the appropriately diluted enzyme solution. The plate 

was incuhated at 30°C, and the enzyme activity was measured by absorbance at 405 

nm after 15 and 30 minutes of incubation. 
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One unit of enzyme activity was defined as the amollnt of enzyme reqllircd to 

release 1 "mole of p-nitroaniline per minute under the conditions of the assay. 

Specific activity was expressed as llnits/mg of protein. 

Purification of enzyme 

Figure 19 olltlines the experimental protocol llsed for the purification of 

aminopeptidase. AIl purification steps were done at 4°C to preserve the enzyme 

activity. The active fractions during purification were stored at -18°C in the presence 

of stabilizers (10% glycerol, 100 mM ammonium sulfate, mM 

dithiothreitol)(Neviani et al, 1989). 

1). Removal of nncleic acids and ammonium sulfate fractionation 

ln the preliminary attempt, the precipitation of nucleic acids by streptomycin ~lllfate 

(Khalid & Marth, 1990) as weIl as protamine sulfate resulted in the los~ of ahout 40-

50% of the amipopeptidase activity. However, DNA~e and RNA~c cfficicntly 

hydrolysed nllc\eic acids in 30 minutes of storage at the concentration~ prc~crihed, 

with minimal loss of enzyme activity. DNase (10 mg/ml) and RNa~c (\0 mg/ml) 

were added in the presence of MgCl2 (5 mM) to the ccll-free extract to a final 

concentration of 2.5 "g/ml and 5.0 "g/ml of erude extract, respectively. The cnzyme 

was stored overnight at 4°C after the addition of ammonium ~llifate. 

Ammonium sulfate addition to the crude ex tracts wa~ helpful in pre ... ervlllg the 

aminopeptidase activity. Initial studies showed that 85% of enzyme activity wa~ 
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salted out between 57% and 70%. Ammonium sulfate was added to the crude 

extract5 of previous step, stored overnight with gentle stirring, and the fraction 

precipitating between 50-75% saturation was dissolved in minimum quantity of 0.02 

M Tris-HCI buffer (pH 8.0 at 4°C). The redissolved precipitate was applied to 

disposable Sephadex G-25 (Pharmacia) column (5 cm x 1.6 cm), previously 

equilibrated with the same buffer. Sample (2.5 ml) applied to the column was eluted 

in 3.5 ml of the Tris-Hel buffer. 

2). lon-exchange Chromatography 

The ion-exchange (Mono Q) column was equilibrated with 0.02M Tris-Hel buffer 

(pH 8.0). Portions (500 pl) of desalted erude extra ct containing betwee'l 15-20 mg 

of protein were injected into the column, and the column was washed \Vith 6.0 ml 

of 0.02M Tris-Hel buffer containing O.lM NaCl (pH 8.0). The enzyme was eluted 

with a tinear gradient of NaCI (0.1 to 0.25 M) at a flow rate of 1.J ml/minute. 

Fractions (1.5 ml) were eollected and tested for the aminopeptidase activity. Active 

fractions were pooled and stored at -18°C in the presence of stabilizers. Pooled 

fractions of different chromatographie runs were combi ned and concentrated by 

ultrafiltration using CX-30 membrane (exclusion limit 30 kd; Amicon Corp., Toronto, 

Canada). Concentrated enzyme was desalted by the G-25 eolumn, as described in the 

previous step, and tested for protein concentration and enzyme activity. 

The concentrated enzyme was further subjected to the second ion-exchange 

chromatography, but with a Iinear Naei gradient of 0.1 to 0.2M at a flow rate of 0.5 

ml/minute. Active fractions against leucine p-NA were pooled, concentrated and 

cquilihrated in 0.025M piperazine-HCI buffer (pH 5.7). 
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3). Chl'omatofocusing 

Enzyne was applied to the chromatofocusing Mono P column (20 cm x 0.5 cm), 

after equilibration of the column with 0.025M piperazine-HCI huffer (pH 5.7), allll 

the pH of the eluate was measured by an in-line pH monitor assemhly. The colul1lll 

was washed with 10 ml of the piperazine-HCI huffer, and the proteill~ were c\uted 

with a linear pH gradient of 5.0 to 4.0, obtained with a mixture of al11ph()lytc~ 

(polybuffer 7-4, Pharmacia) previously adjusted to pH 4.0 hy 6M Hel. hl a f10w rate 

of 0.4 ml/minute. Elution was performed by the method rp~ornl1lended hy the 

manufacturer. The pH value of the fractions was immediately adjll~ted 10 pli 7.0 hy 

the addition of Tris-Hel buffer to a final concentration of n.lM. Polybuffcr wa~ 

removed from the active fractions by the passage throllgh G-25 colul11ll alter 

equilibration with O.lM Tris-HCl (pH 7.5), and the enzyme wa~ concclltrated hy the 

ultrafiltration using eX-30 membrane (Amicon). 

4). Gel-Filtration 

Molecular-sieve chromatography was performed with Supero!le 12 column (JO cm x 

1.0 cm) which separates protein with molecular weight 40 kd - 300 kt! undcr a 

pressure of 15 bars. Portions (100 to 200 ,,1) of concentrated enzyme wcre injcctcd 

into the column, and ellited with O.lM Tris-HCl hllffer (pB 7.5, at a flow rate of 0.3 

ml/minute. Active fractions were pooled and te!lted for protein and enzyme activity. 

Pu rit y determination 

The Pllrity of the enzyme at each purification ~tep wa~ examined hy native 

polyacrylamide gel electrophoresb (PAGE) and SDS-PAGE hy the ll1ethod 01 
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Laemnlli (l'J70) with a 4% stacking gel and 8-25% gradient running gel. Mini-gels 

(5 cm x 4 cm) were run on a Phast electrophoresis system (Pharmacia) for 25-30 

minutes at 15°C and 30 V lem. 

The purity of the enzyme was confirmed on 12.5% acrylamide gels (with a 4% 

stacking gel), with or without ~Iodium-dodecyl-sulfate (SDS), and the proteins in the 

gels were stained by Coomassie blue R-250 (Pharmacia) as described in the 

manufacturer's manual. The protein samples were mixed 1: 1 with the sam pIe buffer 

(20 mM Tris-HC\, 2 mM EDTA, 5% SOS, 10% B-mercaptoethanol, pH 8.0), and 

boiled for 5 minutes before applying to SOS-polyacrylamide gels. Tris-glycine-Hel 

buffer of pH 8.8, (with or without SDS sample buffer) was used as the countl:!r-ion. 

Detennillatioll of Molecular size 

The molecular weight of the purified enzymes was estimated by gel-filtration on 

Superose 12 column (30 cm x 1.0 cm). The enzyme was loaded onto the column 

previously equilibrated with 0.1 M Tris-HC\ buffer (pH 7.5). The following standard 

proteins were used to calibrate the column: ribonuclease (13.7 kd), chymotrypsin (25 

kd), ovalbumin (43 kd), bovine serum albumin (67 kd), and alcohol dehydrogenase 

(15ll kd). Void volume (Vo) of the column was determined by eluting blue dextran 

(approx. 2,000 kd) through the column. The enzyme was eluted from the column 

with the same buffer under the conditions recommended by the manufacturer. 

Molecular size was also determined on 12.5% SOS-PAGE (with 4% stacking gel), 

according to the method described in the previous step. The low Molecular weight 

proteins (o-lactalhumin, soyabean trypsin inhibitor, carbonic anhydrase, ovalbumin, 

bovine serum albumin, and phosphorylase b) were used for the estimation of 
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molecular weight of the pure protein. The gels were stained with Coomassie bIlle R 

250, and preserved according to the manufacturer's instructions. The corre~polllling 

Rf values (relative mobility) were calculated and a calibration cllrve was constructed 

by plotting Rf values against the ]0garithms of the moleclIlar weights of the ~tandard 

proteins (Fig. 33). The molecular weights of the enzyme wa~ then determined l'rom 

this standard curve. 

Determination of isoelectric point 

Isoelectricfocusing of the purified enzyme was carried out on 5% acrylamidc ~lah 

gels at 2000 V, 5.0 mA, 3.5 W and 15°C for 25-30 minutes using the Pha!'lt !'Iy!'ltcm. 

Pharmalytes in the pH range of 4.0 - 6.5 were used as carrier ampholytc!'l, which 

form a stable pH gradient across the gel hetween two electrode!'l. The protcim 

applied to the gel migra te under high current until they reach the pli corrc!'Iponding 

to their isoelectric point (pl). pl of the pure protein was e!'ltimatcd from migration 

profile of the following reference proteins: glucose oxidu!'Ie (pl 4.15), !'Ioyahcan 

trypsin inhibitor (pl 4.55), 8-lactalbumin A (pl 5.20), bovine carbonic anhydra~c B 

(pl 5.85), and human carbonic anhydrase B (pl 6.55). A calibration curve wa~ 

constructed by plotting the migration distance of different protein~ again ... t thcir ph, 

and the isoelectric point of the pure protein wa!ol estimated from thl!ol curvc (Fig. ]5 

& 36). 

Activity staining 

The purified enzyme was electrophoresed on 8-25% gradient acrylamidc gel ... at 400 

V, 20 mA, 2.5 W and 15°C for 30~35 minutes. Two parallel geb were run at the 

d 
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same time in the Phast system. While one of the gel was stained in the phast staining 

chamher, other gel was re-run in the same unit for electrophoretie transfer of 

proteins on a zeta-po!o.itive blotting memhrane, according to the method prescrihed 

hy the manufacturer. The blotted membrane was washed in the as~ay buffer (O. lM 

Tris-Hel, pH 8.0) and the enzyme activity against leucine p-NA (16.4 mM in 

methanol) was detected by the method of Sock and Rohringer (1988). By this 

procedure, it was possible to associate enzyme activity with the defined protein band 

seen with Coomassie hlue staining on the parallel gel (Fig. 28). 

RESUL TS AND DISCUSSION 

Enzyme Purification 

Following ammonium sulfate precipitation, the crude enzyme fractions of Lb. case; 

ssp. ca\'ei LLO and ssp. rhamnosus S93 were subjected to four subsequent column 

chromatography steps. The aminopeptidase of each strain was purified by the sa me 

purification protocol (Fig. 19). The yields and activity of aminopeptidase during 

purification for the strain LLO and S93 are summarized in Table 7 and 8, 

respectively. The enzyme was purified approximately tn 153-fold for Lb. case; ssp. 

C{l.liei LLG and 195-fold for Lb. casei ssp. rlzamnosus S93. Although the purified 

enzyme of hoth strains showed high specifie activities, their relatively lower yield 

could he attrihuted tn the deactivation of the enzyme during the purification steps. 

Ammonium sulfate precipitation step removed 28-30% of protein from the crude 

extract without any significant 10ss in enzyme activity. This step offered a convenient 

mean of concentration and preservation of the crude enzyme. Overnight storage of 
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enzyme also prcvided sufficient time for nllc1eases (DNA~e and RNa~t.') tn digc~t 

a\most all the nucleic acids of crude extract. Nuc1eases were added 10 eliminate 

viscous nucleic acids which otherwise bind to the column~, therchy lowcring the 

column separation efficiency and the enzyme yield (Scope ... , 19H7). 

The respective elution profiles of the aminopeptida~e hy ion-cxchallge 

chromatography of strain LLO and S93 are shown in Fig. 20 and 21. AI' ter clutinll 

with NaCl gradient, the highest leucine p-NA hydrolysing activitie~, were ohtained 

between 0.12 to 0.18 M concentration of NaC!. The major activlty fraction" after 

concentration and equHibration were appli~d again \0 i, 'Tl-cxchangc colll III Il, and 

e\uted with a narrow NaC\ gradient (0.1 to O.2M). Unlikc the fir~t duale, the "econd 

eluate showed only one activity peak corresponding to Icucine p-NA hydroly~ing 

activity from both strains (Fig. 22 & 23). The highest at:linopeptida..,e :tl'tlvity 01 

strain LLG and S93 was eluted at 0.16 M and 0.14 M ~J~lCI, re"pectivcly. Thi~ two 

step ion-exchange chromatography at the initial stages of purification rC"lIltcli in 

>99% remova\ of crude extract protein with good enzyme rccovery for cach "train. 

Active fractions after ion-exchange chromatography were combil1ed, cOl1centratcd, 

equilibrated and further subjected to chromatofocu!o.ing COlll1ll1l in a Il:trrow pli 

gradient of 5.0 to 4.0. The enzyme peak of each ~train wa~ e1utcd al around l'II 4.5 

(Fig. 24 & 25). Native-PAGE patterns of proteins at varioll!o. "tage" of purification 

and the activity staining of the purified enzyme on the b\otted Illembrane arc "howl1 

in rig. 28 & 29. PAGE electrophoretic profile of chromatofoclI"lIlg duate of each 

strain ~howed in a sÎngle major protein band corre!o.ponding to the en/yme activlty 

band, and a minor band of re\atively \ow moleclilar wcight. Flnally, gel-filtration 

resulted in complete homogeneity as both protein and enzyme peak were re..,olved 

into a single peak (Fig. 26 & 27). Both PAGE and SDS-PAGE al"o rcvealcd one 

protein band after staining with C~)omassie blue (Fig. 2X and Fig. 29). Undcr non-
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denaturating conditions, a single enzyme form was confirmed for both strains by the 

activity staining on the blotted membrane. This histochemical staining involved a 

coupling reaction of the product with amino acid oxidase and 3-[4,5-dimethylthiazol-

2-yl]-2,5-diphenyltetrazolium bromide (MTI)(Fig. 28). These results showed that the 

enzyme in each case was purified to homogeneity. This is in agreement with the 

aminopeptidase of broad substrate specificity purified from Lb. acidoplzolus 

(Machuga & Ives, 1984) and Le. lactis (Neviani et al, 1989; Tan & Koning, 1990). 

Ali further experiments 0'1 characterization of the enzyme were carried out with the 

purified enzyme preparations. 

Molecular weight and isoelectric point 

The molecular weight of aminopep~idase was estimated by gel-filtration by plotting 

the log molecular weight of the standard proteins against Ka\' and extrapolating the 

corresponding ratio of the enzyme protein (Fig. 30). Aminopeptidase of strain LLO 

and S93 had an apparent molecular weight of about 87 kd and 83 kd (Fig. 30) 

respectively. 

On SOS-PAGE the purified enzymes of both LLG and S93 gave a single band, even 

in the presence of B-mercaptoethanol (Fig. 31). The moleclllar weights computed by 

this method also yielded the same values as obtained by the gel-filtration (Fig. 32 

lI( 33). The identical reslIlts obtained under denaturating (SOS-PAGE) and native 

(gel-filtration) conditions indicate that the enzyme is probably a monomer consisting 

of a single polypeptide chain. This enzyme differed substantially from the 

aminopeptidase isolated from Lb. acidoplzilus which was found to bt: a tetramer of 

molecular weight of 150 kd (Machuga & Ives, 1984), However, it greatly resembled 
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to the monomeric aminopeptidases from Lb. lactis (Eggimann & Buchmann. \980; 

Atlan et al, 1989). 

The pl of the enzyme was estimated by 5% PAA isoelectrofocll~ing gel (Pharmacia) 

hy relating the mobility of enzyme protein with that of ~tandard proteim, of k.nowlI 

pl (Fig. 34). The isoelectric point of LLG and S93 aminopeptidase. a~ computcd hy 

this m~thod, was 4.73 and 4.77 respectively, which are in the ~ame range a~ reportcd 

on aminopeptidases from the other lactic acid bacteria (Meyer & Jordi. \9Hh; I\ho­

Elanga & Plap;J, 1987: Exterkate & Veer Gerrie, 1987). 

The presence of a single monomeric aminopeptida~e of hroad ~pecificity il1 thc-.c 

strains seem necessary for the degradation of peptides il. a ~llh~trate ~tarvil1g and 

non-homogeneous cheese matrix. This, in tum has a greater importance in relca~c 

of large number of amino acids during chee~e ripening, therehy, enriching chcc~e 

flavor. 

CONCLUSION 

The procedure described above uses the advantages of Pharmacia chromatography 

columns (Mono Beads ion-exchanger, Mono Q; ampholyte exchangcr, PBE-94; and 

Superose12; gel-filtration), and the FPLC sy~tem, which take~ 2 worklllg day~ to 

obtain a highly active homogeneous enzyme preparation frorn the hacterial hi()l11a ... ~. 

This investigation demonstrated that Lactohacil/us ca.\ei ~lIh ... pecie ... contai Il a highly 

active aminopeptidase, constitllting a single l11onomeric fOrlll. The Ull1l110pcptida ... c 

of strain LLO and S93 had molecular weight of H7 and H3 kd, and I ... oe\cctric point 

of 4.73 and 4.77, respectively. This enzyme b di~tinctively diffcrent lrom the 

dipeptidyl aminopeptidase and proteina~e~ purified earlier frorn th. C(lwi ~I)l!cic~. 
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Tnble 7. Summary of the purification steps of aminopeptidase From Lb. case; ssp casei LLG 

Fraction step 

1. erude extract 

2. Ammonium sulfate 

3. lon-exchange l 

4. Ion-exchange Il 

5. Chromutofocusing 

6. Gel-filtration 

Total 
protein 
(mg) 

178.5 

127.9 

4.90 

1.69 

0.15 

0.10 

Total 
activity 
(units)' 

856 

812 

228 

184 

81 

74 

Specific 
activity 

(units/mg) 

4.8 

6.3 

46.4 

109.0 

556.2 

734.9 

Purifi­
cation 
(foId) 

1.0 

1.3 

9.7 

22.7 

115.9 

153.2 

'One unit of enzyme is defined as the amount of enzyme required to release one jlmole 

Yield 

(%) 

100 

95 

27 

22 

10 

9 

of p-nltroaniline per minute under the conditions of the assay. Specifie activity is defined 
as enzyme units per mg of protein. 
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Table 8. Summary of the purification steps of aminopeptidase From Lb. ca.\('i ssp l'haml/os/ls S93 

Fraction step 

1. Crude extract 

2. Ammonium sulfate 

3. I( l-exchange 1 

4. Ion-exehange II 

5. Chromatofocusing 

6. Gel-filtration 

Total 
protein 
(mg) 

170.9 

120.3 

3.48 

0.46 

0.12 

0.06 

Total 
activity 
(units) 

1392 

l399 

653 

221 

121 

99 

Specifie 
activlty 

(units/mg) 

8 

12 

188 

482 

1051 

1584 

Puriti­
cation 
(fold) 

1.0 

1.4 

23.0 

59.2 

129.1 

194.5 

IOne unit of enzyme is defined as the amount of enzyme required to relea'ic one jlmolc 

Yic\d 

(%) 

100 

100 

47 

16 

9 

7 

of (J-nitroaniline per minute under the conditions of the assay. Specifie activity l~ dctincd 
as enzyme units per mg of protein. 
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Figure 20. First ion-exehange elution profile of eTUde extract of Lh. C'{I,\(J; ssp. 
case; LLG on Mono Q ion-exchange eolumn (5 x 0.5 cm). Enzyme aClivity al 

A
410 

(-----), Protein at Am (--), Salt gradient (---). 
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Figure 21. First ion-exehange elution profile of erude extraet of Lb. casei 
ssp. rhamflosus S93 on Mono Q ion-exchange eolumn (5 x 0.5 cm). Enzyme 
aClivity at A410 (-----), Protein at A~ (-), Salt gradient (---). 
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of Lh. casei ssp. case; LLG on Mono Q ion-exchange colUl111l 
(5 x 0.5 cm). Enzyme activity at A410 (-----), Protein al A~w.} (----), Salt 
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Figlll'c 23. Second ion-exchange elution profi le of active aminopeptidase fractions 
of I,h. ca.w'; ssp. rhal11l1oJus S93 on Mono Q ion-exchange column 
(5 x 0.5 cm). Enzyme activity at A410 (-----), Protein at A'J«1 (-),Salt 
gradient ( - --). 
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at A
410 
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Figm'c 25. Elution profile of active aminopeptidase fractions of Lb. case; ssp. 
r/UII1I11(}.\'US S93 on PBE-94 chromatofocusing co]umn (20 x 0.5 cm). Enzyme 
activity at A410 (-----), Protein at A2HO (-), pH gradient (---) . 
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Figure 26. Elution profile of active aminopeptidase fractions of tb. ('(1.\('; 
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Fig. A (LLO) Fig. B (S93) 

Figure 28. Native-polyaerylamide gel electrophoresis (Native-PAGE) patterns of 
cell extract and aminopeptidase fractIons obtained from different puri ficatlon stcps 
of Lb. case; ssp. case; LLO (Fig. A) and ssp. rhamnosus S93 (Fig. B). 8-25 % 
gradient aerylamide gel (Coomassie blue stain). Lanes: l, marker protcins; 2, 
erude œil extraet; 3. after first ion-exchange chromatography; 4, after 2nd ion­
exehange ehromatography; 5, after chromatofocusing; 6. after gel-filtratIon; 7. 
aetivity staining of purified enzyme. Molecular weight markers in kilodaltons (top 
to bottom): bovine serum albumin (67), lactate dehydrogenase (140), catalase 
(232), ferritin (440), thyroglobulin (669). 
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Fig. A (LLG) Fig. B (S93) 

Figure 29. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS­
PAGE) patterns of cell extracts and aminopeptidase fractions from Lb. casei ssp. 
case; LLO (Fig. A) and ssp. rhamnosus S93 (Fig. B) at different stages of 
purification. 8-25 % gradient acrylamide gel (Coomassie blue stain). Lanes: 1, 
marker proteins; 2, cTUde extract; 3, after tirst ion-exchange chromatography; 4. 
after 2nd ion-exchange chromatography; 5, after chromatofocusing; 6, after gel­
filtration. Molecular weight markers in kilodaltons (top to bottom): a-lactalbumin 
(14.4), soyabean trypstn inhibitor (20.1), carbonic anhydrase (30.0), ovalbumin 

(43.0), bovine serum albumin (67.0), and phosphorylase b (94.0). 
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Figure 30. Molecular weight determination of native aminopeptidase from Lh. 
case; ssp. case; LLG (.t.) and ssp. rhamnosus S93 (e) on Supe~ose12 gel-filtration 
column (30 x 1 cm). Kav = Ve - Vo 1 VI - Vo. R2 = 0.9886, Y = 2.0207 -

0.3571X. 
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Fig. A (LLG) Fig. B (S93) 

Figure 31. SDS-PAGE of purified aminopeptidase from Lb. case; ssp. case; LLG 
(Fig. A) and ssp. rhamnosus S93 (Fig. B) on 12.5 % acrylamide gels. Lanes: 1, 
marker proteins; 2, purified aminopeptidase. Molecular weight markers in 
kilodaltons (top to bottom): Cl lactalbumin (14.4), soyabean trypsin inhibitor 
(20.1), carbonic anhydrase (30.0), ovalbumin (43.0), bovine serum albumin 
(67.0), and phosphorylase b (94.0). 
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Figure 32. Estimation of molecular weight of aminopeptidase of Lb. ClISl'Î Ssp 
case; LLG (e) by SOS-PAGE (12.5% polyacrylamide). R2 = 0.9928, Y = 5.351 
- 1.2635X. 
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Figure 33. Estimation of molecular weight of aminopeptidase of Lb. ca.'lci ssp. 
rhamflOJIIJ S93 (e) by SDS-PAGE (12.5% polyacrylamide). R2 = 0.9934, Y = 
5.2807 - 1.1653X. 
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Fig. A (LLO) Fig. B (S93) 

Figure 34. lsoelectricfocusing (IEF) electrophoresis pattern of purificd enzyme 
from Lb. case; ssp. case; LLG (Fig. A) and ssp. rhamnosus S93 (Fig. B) on 
PhastGel(B (pH range 4 to 6.5). Lanes: l, reference proteins; 2, purified cnzymc. 
Reference proteins with isoelectric point (top to bottom): glucose oxidase (4.15), 
soyabean trypsin inhibitor (4.55), B-Iactoglobulin A (5.20), bovme carbonJc 
anhydrase B (5.85), and human carbonic anhydrase B (6.55). 
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Figure 35. Estimation of isoelectric point (pl) of native aminopeptidase of Lb. 
(·a.w'Î ssp. cosei LLO (e) by lEP-PAGE (pH 4.0 to 6.5). R2 = 0.9924, Y = 

122.226 - 18.87X. 
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Properties of Aminopeptidase from Lactobacillus case; ssp. casei and lb. 

case; ssp. rhamnosus 
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ABSTRACT 

A single cytoplasmic aminopeptidase purified from Lb. casel ssp. casel LLO or Lb. 

case; ssp. rhamno!ius S93 was able to hydrolyse a range of nitroanilide-substituted 

amino acids, as weil as dipeptides, and accounted for aIl the aminopeptidase and 

sorne of the dipeptidase activities found in cell-free extracts. The kinetic studies 

indicated that the enzyme has a low affinity for leucine p-nitroanilide (Km 0.22 mM 

and 0.08 mM for strain LLO and S93, respectively) but can hydrolyse the substrate 

at very high rates (respective Vmax 16.3 and 12.6 mmol/minute/mg of protein for 

strain LLO and S93). The aminopeptidase of both strains was shown to be a metal­

dependant enzyme with an optimal activity at pH 7.0 and 6.9 at 39 and 37°C for 

strain LLO and S93. Both EDTA and 1,10 Phenanthroline resulted in complete 

inhibition of aminopeptidase activity. While Co2+ and Nf+ could fully restore the 

activity lost by the treatment of 1,10 Phenanthroline, EDTA caused an irreversible 

inhibition of the enzyme activity. Higher concentration of substrate and hydrolysis 

products also inhibited the activity of the enzyme. Inhibitors specifie for serine and 

thiol proteases had liule effect on the aminopeptidase activity. Both enzymes were 

fairly stahle over the pH range of 5-9 and below 45°C. However, the enzyme from 

Lh. ('{L\'ei ssp. case; LLO was found more sensitive to heat and pH change than the 

corresponding enzyme from Lb. case; ssp. rlzamnosus S93. 
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INTRODUCTION 

The coagulating enzymes (rennet or rennet suhstitutes) and the protenlytic enzy111c~ 

of starter and non-starter cheese-associated lactic cultures play an important role in 

protein breakdown during the manufacturing and ripening proccss of chcc~c~ (Vi~~cr, 

1977; Fox, 1989; Kamaly & Marth, 1989). Although widely variable, the n()n-~tartcr 

lactic acid bacteria (NSLAB) of good quality Cheddar chee~e con~i~t prcdominantly 

of Lb. ca.'Iei and Lb. plantarum (Fryer, 1969; Pllchades et al, 1989; Peter~on, 19(0). 

Many groups have reported an improvement in sensory and physical charactcri ... tic~ 

of Cheddar cheese manufactured hy utilizing Lh. ca.'Iei specie~ as adjllllct~ tn ~Iartcr 

lactococci (Lane & Hammer, 1939; Laleye, 1986; Puchades et al, 1(89), and have 

related these positive attributes to their proteolytic activities. I-Iowever, Ihcre i~ litllc 

information available cOllcerning the specific characterbtics of proteolytic cnzyl1le~ 

produced by Lb. case; subspecies. 

Lee et al (1986) reported that Lb. case; species contained higher peptida~e and 

esterase activities against a wide range of suhstrates, when compared 10 laclococci, 

the primary strain used in Cheddar cheesemaking. In another ~imilar ~llIdy, El Soda 

et al (1983) reported higher peptidase activities in Lh. cmei ~trains whcn cOlllparcd 

to Lb. plantarum strains. Experimental tri ab on cheesemaking lI~ing UJ. ('(1,\('1 ... pcric!'. 

as adjllnct culture with lactococci redu ~d the ripening period 10 a third, wilh mOle 

inten~e Cheddar flavor (Lemieux et al, 1989; Puchade~ et al, 1989; Lalcyc et al, 

1990). During a comparative study on peptidase profiles, it hecamc evidcnt lhal I.h. 

ca.'Iei ssp. rhamnosus S93 and Lb. case; ssp. ca.\ei LLO had the highe~l re~pcclivc 

activities of aminopeptidase and dipeptidase (Arora & Lee, 1<)<)0). Sllh~CqllClltly, 

aminopeptidase ofthese two strains was purified to homogeneily (Chapler IV), The 

present investigation was undertaken to study and compare different propcrtle~ 01 

the purified aminopeptida~e from these two !\train!\. The effect of é.tmino-acid 

modifying agents on enzyme activity was u~ed to identify the active-~itc ionizahle 

group. 
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MATERIALS AND METHODS 

Organism and preparation of puritied enzyme 

Strain maintenance, propagation and the preparation of crude eell-free extracts were 

previously deseribed (Arora & Lee, 1990). Aminopeptidase of Lb. casei ssp. casei 

LLG anJ Lb. cariei ssp. rlzamnosus S93 was purified by a Fast Protein Liquid 

Chromatography (FPLC) system (Pharmacia, Upppsala, Sweden)(Fig. 19). 

Chemicals, Reagents and Equipments 

Unless otherwise specified, aIl ehemicals used in this study were purehased from 

Sigma Chemicals (St. Louis, USA) and were of analytical reagent grade. FPLC 

system and chromatography columns used for the purification are deseribed before 

(Coapter IV). Lambda reader (Perkin Elmer Ltd., Montreal, Canada) was used for 

ail speetrophotometric measurements. 

I)rotein and peptidase assays 

Protein was determined speetrophotometrieally by the BCA (bicinehoninic acid) 

assay reagent supplied with the system (Pierce Chemieal Ltd., Rockford, USA)(Smith 

et al, 1985). Aminopeptidase activity was measured on leucine p-nitroanilide (P-NA) 

throughout the experiment by the micro-assay method deseribed in Chapter IV. 

Specifie aetivities of the aminopeptidase were studied using various ehromogenie 

substrates (p-nitroanilide derivatives of L-anomers of leucine, lysine, alanine, valine, 

arginine, proline, methionine and glutamine). Similarly, dipeptidyl-aminopeptidase 

activities were assayed on aeetyl-alanine, glutamyl-phenyl alanine and alanyl-alanine 

p-nitro:.milides. One unit of enzyme aetivity was defined as the amount of enzyme 
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required to release 1 "mole of p-nitroaniline per minute under the conditions of the 

assay. 

Dipeptidase hydrolysing ability of the purified aminopeptidase was measured using 

Ala-Phe, Ala-Met, Ala-His, Leu-Tyr, Pro-Ile, Pro-Phe, DLeu-Leu, Phe-Pro and Leu­

Leu as substrates. The hydrolysis of synthetic substrates was carricd out at JO°C and 

the aetivities were determined by the estimation of the liherated amino add~ hy 

Yemm and Coeking reagent (Matheson & Tattrie, 1964). The micro-a~~ay mixture 

eontained 60 "lof sodium phosphate buffer (0.05M, pH 7.0), 20 "lof the ~uh~trate 

(1 mM in 0.05M sodium phosphate buffer) and 20 "lof the appropriately diluted 

enzyme solution. After 15 and 30 minutes of incubation, the reaction wa~ ~t()pped 

with O.lM acetic acid. The dipeptidase activity was measured from the rclca~c of 

amino acids whieh were quantified by measuring the ahsorhance (AIx) of the color 

developed by the ninhydrin reagent. One unit of the enzyme activity wa~ dcfincu a~ 

the amount of enzyme required to eause an increase of 0.01 unit of ah~orhancc per 

minute at 30°C. 

Effect of pH and temperature 

The effeet of pH on the activity of the purified enzyme wa~ mea~ured in n. lM 

aeetate (pH 4.0 and 5.0), 0.1 M phosphate (pH 6.0 and 7.0), 0.1 M Tri,,-IICI (pli pli 

8.0) and O.lM glycine-NaOH (pH 9.0 and 10.0) huffers at 3(n:. The appropriatc 

buffer (140,,1) was incuhated with the enzyme (50,,1) and the reaction wa~ initiatcu 

by the addition of 10 "lof 16.4 mM leucine p-NA. The relea~e of p-nitroanilinc wa" 

measured after 10 and 20 minutes of incuhation. To e~timatc the "tahility of the 

enzyme, aminopeptidase from each strain was incuhated at IS and 30"C al pli 4 10 

10 for a period of one hour, and the residual activity wa~ determincd a~ dc~crihed 

ahove. 
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The influence of temperature from 15 to 70°C on the enzyme activity was 

determined in 0.05M phosphate buffer, pH 7.0. The leucine p-NA alone showed no 

variation in absorbance with change in temperature and pH. '1'0 estimate the thermal 

stability of the enzyme, it was pre-incubated at pH 7.0 in sodium phosphate buffer 

(0.05M, pH 7.0) at different temperatures (from 15 to 70°C) for 30 minutes. The 

solution was then cooled and the remaining activity was measured at 30°C in the 

same buffer with leucine p-NA as substrate. 

Determination of kinetic parameters 

The Km and Vmax of the purified enzyme were determined for the substrate leucine 

p-NA. The enzyme solution was incubated with various concentrations of substrate 

(leucine p-NA in methanol), yielding a range of final concentrations of the substrate 

from 0.01 to 2.0 mM. The hydrolysis of the substrate was continuously monitored 

spectrophotometrically in Lambda plate reader (Perkin-Elmer). The Lineweaver­

Burk plots were constructed by plotting reciprocals of the reaction velocity against 

substrate concentration (Fig. 42), and the kinetic constants (Km and Vrnax) were 

computed from the slope and intercept of the regression line. 

Effcct of diva lent cations, metal chelators, and other inhibitors 

;\ mixture containing 50 "lof the purified enzyme solution and 50 "lof bivalent 

cations or inhibitors (final concentration 0.1 and/or 1.0 mM) was incubated for 30 

minutes at 25°C. The reaction was initiated by the addition of 10 "lof substrate 

(leucine p-NA), and the enzyme activity was assayed under standard conditions. 

Inhihition was expressed as a percentage of the activity without effectors. 
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Reactivation of enzyme activities 

The purified enzyme was pre-incubated for 30 minutes at 25°C with EDTA or 1.10 

phenanthroline (final concentration 0.1 mM) in 0.05M sodium phosphate huffcr (pli 

7.0). Portions (50,,1) of the enzyme was again incuhated for 30 minutes at 25°C with 

0.1 and 1.0 mM (final concentration) of various divalent salts prior to additioll of 

leucine p-NA. The enzyme activity was determined as previously descrihcd. 

RESUL TS AND DISCUSSION 

Effect of temperature and pH 

The effect of pH on aminopeptidase activity was examined at pH values rHnging 

from 4.0 to 10.0. The maximum activity was obtained at pH 7.0 and 6.9 for ~train 

LLG and S93, respectively (Fig. 37). The pH stability at 15 and 37°C wa~ abo 

determined by pre-incubation of the enzyme at different pH values (Fig. 3X and Fig. 

39). Aminopeptidase of l'loth LLO and S93 were fairly stable in the pli range of 4.5 

to 9.0 at both temperatures. but strain S93 tends to he more ~tahle at acidic pl b. In 

general, higher activities were observed when enzyme wa~ ~tored in ~Iightly alkalinc 

medium (pH 8.0 to 9.0). This stimulatory effect was more pronollllccd lor thc 

aminopeptidase of strain LLO, but there was a sharp decrea~e in ellzymc actlvity, 

when stored at pH 10. The enzyme stability under acidic environment (pli 5.0) i.., of 

significant importance in their role in Cheddar cheese ripening. In a reccnt report, 

aminopeptidase from Lactobacillus case; strain has been shown to retain almo..,t ail 

of its activity during four weeks of chee se maturation (El Ahhoudi et (Il, 1990h) 

The aminopeptidase of strain LLO and S93 showed the highe~t activitil'~ at 37"(' and 

39°C respectively (Fig. 40). However, activity was sharply dccrca~cd after 45°C, 

-- - - - --~-------' 
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prohahly due to its thermal inactivation. The enzyme activity was also measured at 

15°C and pH 5.0, to assess their residual hydrolysing efficiency under cheese ripening 

micro-cnvironment. Under these conditions, both enzymes had 10-15% residual 

activity, when compared with that stored at 37°C and pH 7.0. The enzyme from both 

strains appeared to be stable up to 40°C, but retained Jess than 50% of the activity 

at 50oe, and then lost completely at 60°C (Fig. 41). Enzyme stabiIity for up to 40°C 

is heneficial for its use in high-cooking-temperature cheeses as weB as for chee se 

slurries. 

Substrate specificity 

The hydroJytic action of the enzyme towards various amino derivatives and 

dipeptides is summarized in Table 9 and Table 10. Since the purified enzyme of both 

strains hydrolysed an the amino acyl-derivatives used in the study, it could account 

for almost ail the aminopeptidase activity found in their crude extracts (Arora & 

Lee, 1990). We could designate this enzyme as a general aminopeptidase. 

Aminopeptidases of similar nature have been isolated previously from other strain!:l 

of lactobacilli (Eggimann & Buchmann, 1980; Machuga & Ives, 1984; Abo-Elanga 

& Plapp, 1987) and lactococci (Neviani et al, 1989; Tan & Koning, 1990). However, 

the~e results ~ubstantially differ from that of Atlan et al (1989), who isolated three 

different aminopeptidases with variable activity from Lb. delbroeckii ssp. bulgaricus. 

As shown in Table 9 & 10, aminopeptidase of each strain exhibited similarity in 

substrate specificities, which could be attributed to their close taxonomical 

relationship. In general, the enzyme showed higher affinities for positively charged 

amino acids su ch as lysine and arginine, and very low activity toward glutamine, 

indicating the nucleophilic nature of the active site. However, very )ittle activity 

towmd proline indicated that this enzyme is unable to accommodate the imino group 

at ilS active site. Recently a separate dipeptidyl aminopeptidase of high specifie 



activity for X-Pro p-NA has been isolated from Lactohacillus speeies (Atlan et al. 

1990; Khalid & Marth, 1990). Lactobacilli also hydrolysed hydrophohk dipcptidc:-. 

preferentially over the hydrophilic ones (Arora & Lee, 1 <NO; Peter:-.on et al, 19(0). 

In addition to broad N-terminal hydrolytic ability, aminopeptida~e from each ~train 

also showed specifie activity against sorne of the dipeptides (Tahle 10). a 

charaeteristic common to aminopeptida~es of lactic acid baeteria (Kaminogawa e{ al, 

1984b; Thomas & Pritchard, 1987; Kok, 1990). Both cnzyme~ had the 11Ighc~t 

activities against Leu-Tyr. This was in contrast to our earlie" finding~ on crude ccll­

free extracts that showed relatively 10-12 times more dipeptidasc activitie~ again~t 

Ala-X peptides when compared to Leu-Tyr as weil as ail other peptidc~ lI~ed in the 

study (Arora et al, 1990). Lb. casei species thus may eontain an anothcr exocnzymc, 

probably of dipeptidase nature, capable of efficient hydrolysis of Ala-X and other 

dipeptides. Dipeptidases and tri~eptidase specifie only to dipeptidc and tripeptidc 

hydrolysis, respectively have recently been purified from ~omc lactococcal ~train ... 

(Van Boven et al, 1988; Bosman et al, 1990). 

Enzyme kinetics 

The apparent Michaelis-Menten constant (Km; expressed as mM) and maximum 

velocity (Vmax; expressed as enzyme unitsjminutejmg of protein) of aminopeptidu!olc 

for the hydrolysis of leucine p-NA at pH 7.0 and 25°C were calculated from 

Lineweaver-Burk plots (Fig. 42). The respective Km and VmdX of the enl.yllle wcre 

estimated to be 0.22 mM and 16.3 for strain LLG, alld 0.06 mM and 12.6 for ...train 

S93 (Fig. 42). In addition to weak affinity for the suh~trate (Iow Km value ... ), hoth 

enzymes were also strongly inhihited hy higher ~lIh~trate and end-product 

concentration. Similar suhstrate and endproduct inhihitioll have bcen rcported hy 

other workers for the aminopeptidase pllrified from J./J. ddhrtU'( kli ...... p. hu·ti, 

(Eggimann & Buchmann, 1980) and Lb. acidophilus (Machllga & Ivc ... , 19X4). 
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I-Iowever, the higher maximal velocity of hydrolysis (high Vmax) of these enzymes is 

mainly respon~ible for their extensive exopeptidase activity. Aminopeptidases of low 

Km and high Vrnax have also been purified from other lactic acid bacteria (Hwang 

et al, 1982; Van Boven et al, 1988). 

Effect of metal ions and enzyme inhibitors 

The remaining enzyme activities after pre-incubation of the enzyme with various 

divalent saIts is shown in Table 11. The enzyme activity was strongly activated 

(approximately two-fnld) by 1.0 mM CoC12• Except for Ca2
+ ions, which had an 

activating effect on aminopeptidase of strain S93, aU other metal ions caused slight 

to marked inhibition of the enzyme. While Cu2
+ and Fe2

+ ions showed strong 

inhibition of the enzyme, its activity was not significantly affected by Mn2
+ and NF+. 

Of the enzyme inhibitors tested, only metal-complexing reagents gave marked 

inhibition. The enzyme from both strains was totally inhibited by EDTA and 1,10 

phenanthroline at 1 mM concentration. While at 0.1 mM concentration, only EDTA 

caused total inhibition of enzyme activity (Fig. 43). Relative lower sensitivity of the 

enzyme for phenanthroline has also been reported for metallo-aminopeptidases of 

other lactic starters (Yan et al, 1987; Tan & Konings, 1990). 

EDTA showed an irreversible inhibition of the aminopeptidase from strain LLO, as 

none of the cations was able to recover any enzyme activity (Table 12). This peculiar 

characteristic of the enzyme has also been reported for the aminopeptidase of Le. 

lueti.\' S!lp. cremoris (Tan & Konings, 1990). However, in case of strain S93, Cd+, 

Mn2
' and NF' were able to reverse the EDTA inhibition of aminopeptidase ~ith 

significant increase (two-to-five fold) in the activity as compared with control sample 

(Tahle 12) . 

, 
J' . 
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Phenanthroline inhibition could be reversed partially by the addition of severa\ Illcta\ 

ions (Table 13). C02
+ ions ~timu]ated the enzyme activity of hoth strains. Thb 

indicates that sorne heavy metai ions, especially Co~ may have sorne ê.lffinity for the 

structure of the enzyme's active center. Stimulatory action hy C<)~. may abo he 

attributed ta promotion of alignment of the enzyme on the ~uD~trate Illo\ccu\c 

(Chopra et al, 1982). The presence of sorne of the se ions in chee~e (Jarrelt. W.D., 

1979) mig~lt contribute ta the stability of this enzyme. 

The enzyme from strain LLG was more sensitive to SH-blocking agents than that of 

S93, while aminopeptidase of S93 was more sensitive to PMSF than 1 J-Ci 

aminopeptidase. The structures of the aminopeptidase of LLG and S91 thll~ 

appeared to be different. The partial inhibition of the LLG enzyme with N-ethy\ 

malemide and sulfydryl inhibitors su ch a~ iodoacetate, iodoacctamtdc and PCMB 

suggests the possible involvement of a functional sulfydry\ gr()lIp(~) at or near it~ 

active site. Incubation of the enzyme with disulfide reducing agcnb, ~lIch a~ 

dithiothreitol and mercaptoethanol did not affect the enzyme aClIvity (Fig. 43). Thi ... 

enzyme was also not inhibited by cysteine. These re~lI\t~; ~uggcst that an intact 

disulfide group(s) was not essential for the mechanism of action hy thi ... enzyme. 

The inhibition studies clearly indicate that the aminopeptida~e plirified from cach 

strain is a metal-dependant enzyme. However, these enzymc~ differed in the mode 

and extent of inhibition when incubated with various types of inhihitor~, ~lIgge~ting 

a marked difference in their structur( 

Aminopeptidase from bath strains showed higher activity at or ncar nelltra\ pli and 

in the temperature range of 37-40°C, but they differed in ~omc other propertie .... In 

general, aminopeptidase from strain S93 ~howed ~lIperior <,tahility to pli and 

temperature variations, and contained higher specifie activitie~ towan.h ail the 

substrates. While both enzymes dearly demonstrated thcir dcpcndencc on mctal 

ion(s) for the activity, an irreversible inhibition of LLO aminopeptidase hy mctal 
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chelator suggested the role of metal ions in its structural integrity. 

This study on characterization of the purified aminopeptidases from Lb. casei species 

provides information on the Jikely role of this enzyme in the ove rail complex cheese 

ripening process, which depends on bacterial enzymes functioning in proper 

sequence. The physiological function of this multi-substrate specifie enzyme probably 

is to participate in the release of various amino acids during overall proteolysis of 

milk proteins. These ami no acids are not only essential for bacterial growth, but also 

are the major precursors or components of cheese flavor. The study is also useful in 

further genetic investigations leading to increased production of this enzyme by the 

lise of a multicopy vector, thereby intensifying its action during ripening. 

Conclusions 

This investigation demonstrated that Lb. casei species contain a wide spectrum 

general aminopeptidase enzyme which accounted for most of their N-terminal 

exopeptidase activity. Aithough the enzyme showed low affinity for the substrate, it 

could cause extensive degradation of the substrate due to its high maximal rate of 

hydrolysis. In general, enzyme of both strains contained higher activities against 

positivcly charged amino acids which is indicative of the nucleophilic nature of their 

active site. The enzyme showed optimum catalysis at neutral pH and ambient 

tcmperatures. However, the enzyme retained part of its activity at low tempe rature 

and acidic environrnent suggesting their contribution to proteolysis of cheese 

ripening. Complete inhibition of the enzyme by metallic inhibitors, and reactivation 

hy cohalt and nickel salts demonstrated that one of these metal ions is essential for 

the structural integrity of the aminopeptidase. Further studies on characterization 

of purified peptidases of lactobacilli are needed to unfold the ove rail peptide 

degrading complex in these species . 
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Table 9. Aminopeptidase and dipeptidyl aminopeptidase activities 
of Lb. case; (ssp. case; LLG and ssp. rhamllosus S93). 

Relative activity (%) 
Substrate 

S93 LLG 

Lysine 100 100 
Arginine 133 99 
Leucine 48 54 
Alanine 28 22 
Methionine 18 20 
Valine 2 1 
Proline 1 1 

Ala-ala 2 2 
Ace-AIr. 0 0 
Glu-Phe 0 0 

Table 10. Dipeptidase activities of Lb. case; (ssp. case; LLG and 
ssp. rhamnosus S93). 

Relative activity (%) 

Substrate 
S93 LLG 

Leu-Tyr 100 100 
Ala-Phe 20 8 
Ala-His 17 10 
Ala-Met 14 7 
DLeu-Leu 10 0 
Pro-Phe 0 0 
Pro-Ile 0 0 

U7 
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Table 11. Effect of metal ions on aminopeptidase activities of 
Lb. casei (ssp. rhamnosus S93 and ssp. casei LLG). 

Relative activity (%) 

Substrate 
S93 LLG 

Blank 100 100 
NiH 95 90 
Fe2+ 22 62 
Fe3+ 12 62 
Co2+ 235 192 
Cu1 + 26 28 
Zn2+ 83 73 
Mn2+ 95 98 
MgH 86 95 
Ca2+ 121 89 

138 
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Table 12. Reactivation of enzyme inhibited by EDTA 
." 

Relative activity (%) 
Substrate 

S93 LLG 

Blank (+ve) 0 0 
Blank (-ve) 100 100 

Ni2+ 539 0 
Fe2+ 4 0 
FeH 4 0 
Co2+ 229 0 
Cu2+ 8 3 
Zn2+ 16 0 
Mn2+ 195 0 
Mg2+ 2 0 
Ca2+ 6 0 

,-, 

a" 

Table 13. Reactivation of enzyme inhibited by 1,10 Phenanthroline 

Relative activity (%) 

Substrate 
S93 LLG 

Blank (+ve) 0 7 
Blank (-ve) 100 100 
Ni H 14 53 
FeH 21 8 
FeH + 25 8 
Co++ 49 89 
CuH 7 14 
Zn· + 13 38 
Mn+~ 26 12 
Mf+ 3 6 

.... Ca f + 9 10 
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Figure 37. Effect of pH on aminopeptidse activity of Lb. case; ssp. case; LLG 
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Figure 43. Effect of inhibitors on aminopeptidase activities of Lb. case; ssp. 
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GENERAL CONCLUSIONS 

A comprehensive study was carried out on the peptidase profiles of Lh. Cll.\'('1 

subspecies. A range of different peptidases have been isolated from lactic acid 

bacteria which inc1ude - aminopeptidase, dipeptidyl aminopeptida~e. dipcptidasc. 

tripeptidase and carboxypeptidase. Ali these peptidases were qllantificd and thcir 

specificities and specifie activities were studied in details by using synthetic peptidc!'oo 

as substrates. In addition to peptidases, strains were also evalllated for the pre!'ooenœ 

of other desirable enzymes such as esterases, lipases, carbohydrases etc. hy API Z y M 

technique. These two different approaches provided an insight into the mechani!'ool11 

of peptide degradation in this species. The reslllts indicated that the cardul 

assessment of these enzymes can yield useful information relative to improving our 

understanding of the proteolysis mechanism occlIrring in chee~e maturation which 

greatly influences the organoleptic eharacteristics of ripened cheeses. The lise of ncw 

API ZYM technique permitted a rapid and extended analysis of 19 different 

hydrolytic enzymes in various subeellular fraction~ of 20 strains of Lh. (lise; (~~p. 

casei, ssp. rlzamnosus and ssp. pseudoplantarum). This study concluded that LI>. casei 

species contain high aminopeptidase and dipeptidase, relativcly low tripeptida~c. 

endopeptidase and dipeptidyl aminopeptidase, and no carhoxypeptida~e activitic~. 

The peptidases of Lb. casei species also demonstrated the ahility to hydroly~e hitter 

peptides and to produee high free N, which have important hearing on Cheddar 

cheese flavor. 

Although the primary objective of this investigation was to gain a more completc 

understanding of the nature of peptidases and their possihle role during ripening of 

cheese, these studies were also helpful in selecting two strain~ (Lh. cusei ~~p. C{lwÎ 

LLO and Lb. casei ssp. rhamnosus S93) which ~howed the highc~t ovcrall 

aminopeptidase and dipeptidase specifie activities. The knowledge gained from thc~c 

studies was further extended to purify and characterize the aminopeptida~e of the~e 

strains by Fast Prote in Liquid Chromatography. The purification schcmc dcveloped 
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yielded a highly active homogeneous aminopeptidase in good yield from each strain. 

On the basis of electrophoretic analysis and activity staining, the aminopeptidase of 

each strains was designated as a monomeric enzyme of molecular weight of around 

85kd. Further kinetic studies of the enzyme revealed its low affinity for the substrate 

hut high maximal rate of hydrolysis. The purified enzyme accounted for most of the 

aminopeptidase activities found earlier in crude extract. In particular, the enzyme 

had higher activities towards positively charged ami no acids, indicating nuc1eophilic 

nature of its active site. Although it could hydrolyse sorne of the dipeptides, the 

studies strongly suggested the presence of another enzyme, specifie mainly to 

dipeptides in Lh. ca'iei species. The single monomeric form, high maximal rate of 

hydrolysis, and broad substrate specificity are ail important characteristics to release 

sufficient amino acids in substrate limiting environment su ch as milk or cheese. 

Through the action of divalent cations and inhibitor studies, it was concluded that 

either cobalt or nickel ion is essential for its structural integrity. 

From the results of our investigations, and from the established predominance of Lb. 

casei species during ripening of Cheddar cheese, we conclu de that the activity of 

peptidases of Lb. ca'iei certainly is an important factor in the degradation of casein 

derived small peptides inc1uding the bitter hydrophobie peptides to amino acids, 

resulting in changes in texture and flavor of the cheese. In light of this, it is a priori 

consistent that it would be of value to increase the production of this enzyme by the 

use of a multicopy vecter, thereby intensifying its action during ripening. The study 

has mainly explored the role of Lb. casei for cheese ripening. However, these studies 

could also be used for the production of enzyme-modified cheese flavorings for 

snackfood ingredients and hydrolysates of nutritionally valuable milk proteins, which 

may he used as food additives, and as nutritional or dietetic aids. 

This !ltudy provides a basic understanding on the existence and catalytic ability of 

different peptidase of Lb. ca'iei species. However, further studies on purification and 

characterization of other individual peptidases as weIl as on regulation of their 

synthesis and activity, will be important from both scientif;r and commercial aspects. 

. 
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Appendix [1] 

SAS program used for evaluation of peptida. .. e promet of Lb. aJ.vei spl'(i~ (Clmpler Il) 

OPTION LlNESIZE=72 
PAGESIZE=64 

PDISK; 
DATA PEPTIDASE; 
INPUT PEPTIDE $ REP S93 S95 L2F S834 LLG S83 @@; 
DROP S93 S95 L2F S834 S95 LLG S83; 

ST= 1; ACT=S93; OUTPUT; 
ST=2; ACT=S95; OUTPUT; 
ST=3; ACT=L2F; OUTPUT; 
ST=4; ACT==S834; OUTPUT; 
ST=5; ACT=LLG; OUTPUT; 
ST=6; ACT=S83; OUTPUT; 

CARDS; 
*PEPTIDE REP S93 S95 L2F S834 LLG S83; 

PROC SORT; 
BY PEPTIDE; 
PROC MEANS N MEAN STD STDERR MAXDEC=O; 
BY PEPTIDE; 
TITLE "PEPTIDASE ACTIVITY OF LB. CASEI SPECIES"; 

PROC SORT; 
BY PEPTIDE; 
PROC ANOVA; 
CLASS ST; MODEL ACT=ST; 
MEANS ST 1 DUNCAN; 

PROC SORT; 
BY ST; 
PROC ANOVA; 
CLASS PEPTIDE; MODEL ACT=PEPTIDE; 
MEANS PEPTIDE 1 DUNCAN; 

17."\ 
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Appendix [II] 

The principle and procedure of API ZYM enzyme system used for enzyme profiles of lb. Cll.fe; species 
(Chapter III). 

The API ZYM 18 li "emi-quantttative micromethod system designed for the detection of enzyme actlvltles. 
The techmque allows the systematJc and rapid stlldy of 19 enzymatic reactlons usmg very small sample 
quanti Ile!. (25 ILl). 

The !.y!.tem conSI\t'i of a !>t:nes of nucrocupules contaming dehydrated chromogemc enzyme !>ub!>trates. The 
additIOn of an al/urou!> !>u!.penMon of the sample to be tested rehydrates the components and Inltlates the 
n:achon. Tht: API ZYM stnp 18 mcuhated for the desired mterval (u!>ually 4 to 6 hr~.). R~ctlOns are 
vl!>ualized after the addllton of Ihe detector reagent, and the color antensity of the indlvldual cupule 18 

mea\ured on a scale of 0 (negative reactior.) to 5.0 (reaction of maximum mtenslty). 

Reagt:nt A 

Tn!. (hydroxymt:thyl) ammomethane 
Hydrochlonc aCld (37%) 
Laurybultate (!>(>dmm dooecyl sulfate) 
DI!.lllled waler 

Rt:llgtmt B 

Fa!>t Blue BB 
2-mdhox yelhano! 

Procedure used: 

250 g 
110 ml 
100 g 
q.s. 1000 ml 

3.5 g 
q.s 1000 ml 

API ZYM !.lnps pn::vlOu!.ly stored In at 4°C were equilibrated at room temperature for 5 10 10 mm in 
hum".! IIlcuhalton tray supphed wlth the system. 25 ILl of clear nucrohlal su!>pen!>lon (A«."O 1.0) or crude 
extracl (al tixed protem concentratIOn) was added to each cupule, and the stnps were mcubalt!d at 37°C 
for a pcnod of 4 hrs. The color was dt:veloped with the addition of one drop of reagent A and B, 
prt:vlou!.ly C(.IUllthrated al room temperature. The color was allowed to develop for 5 mm and stnp was read 
10 hnght day Itght. 
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Appendix [III]. 

De.<Icription of mixer mill: 

The nuxer mill type MM2, from Brinkmann Instruments (Rexdale, Canada) is shown III the tigui e 'l'Ill' 
vibrat10g arms onto which the two grind10g vessels are fastened are dnven by a IIO-V 1Ill1ver~lil mulor ul 
50 Hz. The motor rotatIOn is translated in to a vibratory movement via a bdllo a cmn~halt. Tht.: gnmhng 
lime IS adJusted by a tlmer 10 the range of 0 to 60 min, and the mlxmg frèqllency can he cDnllnuou~ly 
regulated from 150 to 1800 min·1 (O-J()()%). For our experiments, we used a 12.5 ml ~llIInle~" ~tccl lluxmg 
vesse\. The mixing vessel is compose.d of two parts (as shown 10 the iïgure), whlch arc put togcther. A 
sealing rmg between both parts prevent leakage of eeU suspension. The oppmoo motion!> 01 the vlhmlory 
arm!> , keeps the nuxer null 10 finn position on the table. The machlOe use~ gla~., bead!> 01 ,.hllerent 
dlameters and can be operated efficiently between 4 to 40°C. 

"--=--.1--------- al Tlmer 
1-------- bl potentlometer 

l' 

i 
=-----------------~---- Cl Safetv sWltcll 

l' 
1 
1 J 

.!...-------- dl Clamp for gnndlng jJr 

-~=T-------- el PleXiglas guard hooej 

-----~------~ 


