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(ii) 

A B S T R A C T 

Streptococcus l ac ti s C10 Slow, a variant of t h e normal 'fast' 

strain of S.J.actis c10, was only capable of rapid and extensive 

growth in skim milk if casein hydrolysates were added. It was 

postulated, therefore, that the slow variant is defectively 

proteolytic. 

A sensitive assay of pro t eolysis, ba sed on t h e relea se of radio­

activity from iodina t ed casein, was developed , checked for use­

fulnes s with known proteinases , then used to a s say the streptococcal 

enzymes. 

Fractiona tion of the t wo s tra ins, by either mechanical c ell 

disruption and differential centrifugation or by cell- wall 

digestion wi th a muraminidase, establish ed that mos t of the 

cel l-bound prot ei nases of the paront s t rain were surface-bound. 

Tb.is act ivity wa s virtually absent in the slow variant. 

Parti a l character ization of the surface-proteinase (s) showed tha t 

maxi mum ac t ivity was exhibited at pH 6. o- 6.8, in 0 . 05 M phosphate 

buffer, a t 30-32°C. It 1-,as rapidJ.y i nacti vated at 37°c , both 

wh en cell-bound and when free of the cells. Examination of a 

second pai r of str ains, s.1actis H1 Fas t and S., lactis H1 Slou, 

i ndicated a diff erence in protoinas o activity and localization 

similar to that f ound be tween the t wo S. l act.is C10 stra.inso 



(iii) 

It was concluded, on the basis of both nutritional evidenc e 

and enzymatic analyses , that the slow variant of S.l ac tis C10 

is limited in skim milk by the supply of amino acids and that 

this is due to a defective surfGce-bound proteolytic activity. 
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P R E F A C E 

Rapid growth in milk, with the concomitant production of 

lactic acid, is the primary attribute of the single-strain 

Cheddar cheese starter. Variations in a strain's activity may 

be due to changes in the culture 's environment or to changes in 

its capabilities. A clear example of the latter is seen in those 

strains which segregato slow variants. The variants are stable 

genetic derivations of the normal 'fast' cells and, when cultured 

as pure isolates, exhibit limi tod growth in milk. Their 

segregation at high frequency, together with their nutritional 

support by the parental cells 9 enables accumulation to occur 

to the point where they contribute the majority of the cells 

in the culture. 

It bas been suggested that slow variants are proteolytically 

deficient in comparison to the parental type. The relationship 

between starter proteolysis and activity in milk is unclear, 

but many strains are stimulated by the addition of nitrogenous 

hydrolysates to the mecliurn o 

This investigation was und0rta.ken to examine the hypothesis 

that slow variants are defectively proteolytic. It was anticipated 

that the work would also provide useful in:formation concerning 

the properties and c ellular location of starter proteinases in 

general., 
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I N T R O D U C T I O N 

A small number of strains of Streptococcus l actis and 

Streptococcus cremoris (the lactic streptococci ) are used as 

' starters ' in the manufacture of Cheddal.' cheese . Their primary 

role is to produce l actic acid; they a l so contribute to cheese 

flavour (Lowrie, Lawrencc 9 Pear c e & Richards, 1972 ). 

1 

A clear-cut difference in activity (rate and extent of ac i d 

production i n milk ) b etween the cells in somG pure cultures of 

S. l actis was reported by Harriman & Hammer (1931 ) . About 2% of 

the cells were ' slow co3.gulators ' .. The slow characteristic was 

stable and the variant culturei, never segregated the paren tal 

' fast' cells,. Analysis of the non-protein nitrogen fraction of 

'fa.st' and 'slow' milk cultures i ndicated l ess proteolysis in 

th o latter, al though proteolytic activity por cell was not 

detormined., Subsequent uork has confirmed: ( 1) the high fre­

qu ency with which slow ,ra:riants appoar in susceptible cul tlll'es 

(Garvie & Mabbitt, 1956; Citti, Sandine & Elliker, 1965; Wes t­

hoff, Co,-rman & Spack 9 '1971); (2 ) the one-way nature of the 

transition (Garvie & Tfabbitt, 1956; Cit-ti et alQ, 1965); and 

(3 ) the correlation between 'slowness' and relatively low 

proteolytic acti.vi ty (Ci tti et f-1-.•, 1965; Wo,.:ithoff et al., 197 1 ). 

'l'he last point has b een tho_ lea.st convincingly shown and its 

examination forms the basis of the present investigation. 

CAHBOHYDRA 'J1E T'-ETABOLISM 

The production of lactic acid by starters is the direct 
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result of energy-yielding carbohydrate catabolism and is the growth 

function usually measured. ,-ih en starter 'activity' is assessed. 

The lactic streptococci are part of a large group of micro organisms 

that carry out the homolactic fermentation. This process, analagous 

to muscle glycolysis, has been elucidated. largely through the use 

of radioac tive tracers and has been thoroughly reviewed (Wood, 

1961, Kandler, 1961; Yarth, 1962; Busse, 1966). The fate of 

lactose is as follows : 

~bat lactic streptococci (including S.lactis C10) accumulate 

lactose by a phonphoenolpyruva t.e-dependent phosphotransferase system 

(McKay, Miller , Sandine & Elliker , 1970), a.nalagous to that of 

Staphylococcus aureu:::. The sugar , transported as a phosphate 

derivative, is split by a 6-phospho-/-galactosidase into glucose 

and galactose-phonphate, 1rhich then enter the &nbden-1leyerof-Parnas 

pathway. The latter is sunmarized as follows: (lfood, 1961) 

glucose + 2ADP +· 2P 1 -> 2 lactate+ 2ATP + 2 H20 

The procluc ts from one mole of lactose are, theoretically, four 

moles of lactate and four moles of ATP. Analysis of the products 

of glucose metabolism by hornolactic stroptococci has sho\om that 

small amounts of acetate, format.o, co2 , ethanol, acetoin, and 

2,3-butanediol may be formed in addition to lactic acid, their 

relative proportions depending on culture conditions, particularly 

the pH. At the l oast, lactate accounted for 90% of the recovered 

glucose carbon (Plat t & Fostor, 1958). 

NUTRJ TJONAL REQ,UIREF.ENTS 

Tho rate and extent of acid production by a given single­

strain starter refl ects its ov0rall ability- to grow in the 
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medium, an ability determined by a complex interaction between 

the avail able nutrients, the culture conditions, and the strain's 

capabilities. In the absence of constraints, such as inhibitors 

(e. g. penicillin in milk), suboptimal temperatures, and virulent 

bacteriophage, the activity is probably a function of the s train's 

ability to obtain essential amino acids from the medium. 

Niven (1944) reported. that S.lactis required niacin, biotin 

and pantothenate f or growth i n a medium complete but for the B 

vitamins. Thiamin and riboflavin were essential for 18 and 10 

strains, r espectively, of the 21 examined, while pyridoxine 

stimulated most. Amino acid requirements were extensive. All 

strains required val ine, l ouc ine, i soleucine, arginine and 

methionine ·for growth, but a response comparable to that obtained 

in the presence of casein hydrolysates required a minimum of 

16 amino acids. The 0111;,, acids without effect \-1ere tyrosine, 

norl eucjne , aspartic acid, threonine, hydro:xyproline and 

tryptophane. Tho absolute requirement of all strains for gl utamine 

and asparagine was contro-vo:r.3ial, Pollack & Lindner (1944) having 

reported that several strains of S.lactis could use the equival ent 

acids if they were included at sufficiont concentration. Sub­

sequent investigations have substantiated the findings of Niven, 

minor discrepancies being attributed to the use of different 

basal media, experimental conditions, and strain3. Husain & 

McDonald ( 1957) found the.t s.1actis and s. cremoris required 

histidine in addition to the acids reported by Niven; however , 

excellent grouth was obtained in the presence of only 12 amino 

acids, roflocting the basal lltedium which was improved by the 

inclusion of Tween 80 (a source of oleate) and acetate. Their 

finding that s. c,~cmoris was more fastidious than S. lactis for 



amj_no acids was conf:i.rmod by ReJ ter & Oram ( 1962 ). 

:MILK AS A :MEDIUM 

Bovino milk, th e stock sub strate for starter maintenance 

and cheesemaking, appears to contain ampl e concentrations of 

protein, l ac tose, and the essential vitamins (average levels in 

whole milk 9 per litre: protein, 35 g; lac tose, 49 g; niacin, 

4 

0.94 mg; biotin, 31 f g; pantothena te, 3.46 mg; thiamin, 0.44 mg; 

riboflavin, 1o 75 mg ) (Wel1b & J ohnson, 1965; Hartman & Dryden, 

1965). All the essen tial amino acids , exc ep t methionine, have 

b een found in the non-pr-otein nitrogen f raction of milk (:Block, 

1951; Van der Zant & Nelson , 1954; Deutsch & Samuelson, 1959; 

Schwartz & Pallansch, 1962 ), but tha conc entrations are generally 

considered to be insufficien t for optimal starter development. 

'I'he evidence for thi s contenticn is indirec t and generally un­

satisfactOTy but forms tho basis of the "pro te:inase-dependency" 

hypo thesis. Tb.ere have berm numerous reports of the stimulation 

of l actic streptococci in milk, particularly of ' slow' strains, 

by nitrogenous extracts (pancrens extract, yeas t extract, corn 

steep liquor , liver f raction L; seo reviow by Reiter & Ii/'1011 er­

Madsen , 1963 )o The effect of the~:;e additives has usually been 

attribut ed to peptid0n but the only compl ex whose stimula tory 

c omponent ho,s been identified. ( "pancreas extrac t") was effective 

b ecause of its content of ino sino 9 hypoxan-thine , and adenine 

(Ko burger, Speck & Aurand 9 1963 ) . 'Iba only convincing evidence 

fo r stimulati on sp ec ifica lly by amino acids and/or p eptides was 

given by Garvie & }fabbi tt (1 956 ) who demonstra ted tha t p eptone, 

casamino acids, and acid--hydrolysed casein stimulated both 

S., crernoris 5)24. and i ts s low va,:i.·ia.nt in milk., 
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STARTER PROTEINASES A.ND ' SLOWNESS ' 

T'.11ere is a sound a-priori bas i s for the hypothesis t ha t 

starter growt h in milk i s dependen t 0 11 milk ·pro tein degrada t i on, 

and tha t slow strains and slow variants are specia l cases of 

cultures limited by this constraint. The evidenc e for the 

i mportance of star t er pr o teinas es in thi s process is scarce 

and diff icult to assess, due mainly to the very low proteolytic 

a c tivity of even the f a s test of s t rains . 

Protei nasea have b een puri f i ed f rom th e ' sol ubl e ' and 

' particul a t e ' fractions of soni ca t ed c ell su spensions of both 

S.la c tis 3 and i ts slow variant (Cowman , 1966 ; Westhoff, Cowman 

& Swai sgood, 1971; Westhoff, Cowman & Speck, 1971). Quantita tive 

differences in proteolyti c activi t y between the two s tra ins , 

whether assessed from whole cells or from the fracti on s, were 

v ery l ow (ca. 1. 5-f'o ld t The variant ' intra.cellular ' enzyme 

did , however, differ in rna.ny properties from the equ i valent 

enzyme of the parent strain, and the authors were forced to 

conclude that the difference in specificity of the proteinase 

was responsible for the in1111ili ty of the variant to grow exten­

s i vely in milk ('Westhoff & Cowman , 1971 ). :Much of the published 

work c oncern i ng S.,la,ctis 3. is unsatisfactory, al though t here 

c an b e no doubt that the protcinases have b een thoroughl y 

characterized as enzymes. Tb.a proteinase assay used was no t 

t ested for it s sensiti vity or reproducibil i ty and specifi c 

activities of assayed fractions a.re rarely stated. In addi t i on 

to this lack of data for the comparison of a c t i vities , th e 

evidence for the localization of the proteinases, essential to 

a meaningfu l int0rpratation of their physiologi cal function, is 

i nsuffi.cient, consisting m6rely of whother or not the a ctivi ty 
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remains with the pellet after cen trifuga tion of disrupted cells 

(Cowman, 1966). The major criticism of the work, however, 

concerns the lack of essential information relevant to the 

procedures, a deficiency which precludes both the interpretation 

of the results and the extension of the methods to other strains. 



A I M 0 F THE I N V E S T I G A T I O N 

The aim of thi s s tucly vas to examine the hypothesis that 

slow variants are r elatively non-proteolytic in comparison 

to normal ' fast ' strains. It uas evident from assessment of 

previous attempts to characterize the proteinase enzyme systems 

of S. l actin that the uork would require a very sensitive assay 

for proteinaae and subsoq_uentl y a critical determination of 

t he locali~ation of relevant enzymes in th e organisms. 
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