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1. Pla.-i• biology baa bee- aa impottaat area of io•eatigation io dairy starter 

cultures. It ia aov eataltliahetl tlaat group R atreptococci uae4 aa starter 

culture• taanor pl .. mds of diYerae aise• ... ttaa-. aa.e of tlaeae plaalli.da code 

for propertiea rital for aacceaaful llilk fermeiltatioa ~~eases. Eamplea of 
. ' 

plaslli.4-mediated trait• in this group of bacteria ioclade lactose utilisation, 

proteolytic acti•ity, citrate utilisation, proclactioa of aat-aoaictic proteins, 

oisin resistance, and resistance to bacteriophage. De•elOPll8Dta ia the abo•e 

area .. , le.. to ..,lificatioa of plas-14 genes through tbe isolation of COFY 

oullber -tats, th11s increasiaa Lae efficiency of tile fe~atatioa process as 

well as the qaality of tile final product. Stabilisation of tllese plaa8id-

11ediated traits by iotegratina the essential genes into the chromo•Olle .. , also 

prcwe ber:..dicial. thus, tbe stucly of plaseid biology in dairy streptococci, as 

well a• otber lactic acid bacteria, has bec..a a prerequisite for future strain 

iapro•e•t.t proar.... This lmovledae, coupled vitb traasclaction, coaj .. ptioa, 

pr~toplast fusion, sacl transformation syst ... applicable to dairy streptococci, 

i• essential for 1eae cloaiaa work vitbla tbi• 1roap of bacteria. 'Ille worlcl

vide interest la the 1•••tics of lactic acid bacteria bria1• •• closer to tbe 

ti .. when 1eaeticall1 i.,rOYed strains are actuallJ used in c01111Srcial feT11ea-

tatioa processes. 
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I. lllTRODUCTIOR 

2. Plasai.d biology is fast becomi.og an iilpOrtant area of research in lactic 

aci6 bacteria used for llilk, meat, and plant fermentation procesaes, as well as 

probiotics. Our laboratory has been eJralliaing mesophilic dairy streptococci for 

the presence of plasllid DllA and atte11ptiog to find or de•elop DBA transfer 

s7steaus in order to allov genetic studies to proceed vith this group of bac

teria. The present discussion vill coaceatrate on these iDYestigatioas bat is 

not intended co be a compreheasift reyiew. For recent re•ien the reader is 

directed to Antonie •an Leeuwenhoek 49:209-152 (1911) ~nich is a eerie• of 

papers froa the SJllPOsiua on Lactic Acid Bacteria in Foods: Genetics, 

Metabolisa, and Applications. 

3. Three metabolic properties of these organisas, vital for sucessful dairy 

fermentatio£s, include the abilitJ to ferment lactose to lactic acid, to 

release aaino acids and peptides froa casein (proteolytic acti•ity), and the 

_ability of Streptococcus diacetylactis to utilise citrate and produce diacetyl 

(butter aro.a). It is DOV knovo that from parental strains one can isolate 

variants which have lost their abilitJ to fer.eat lactose {Lac-), to produce 

proteinase (Prt-) and/or to utilise citrate (Cit-). PbeootJPic data suggested 

that these metabolic traits were plasllid mediated. 

II. PLASMID BIOLOGY 

4. Plasaids can be defined as unstable 1enetic entities vithia the bacterial 

cell, separate from the bacterial chrOC110some. Lo•• of plasllid• cause the cell 

to lose the ability to perfora functions dictated by the plasllid DllA. Plasaids 

can now be estracted from the dairy streptococci and separated frOll chromos0118l 

-
' 
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DNA through the use of cesiua chloride-ethidi ... broaide density gradient centri-

fugation and th~ various plaaai.ds are then separated according to size using 

electron microscopy or agarose gel electrophoresis. It is veil established that 

the ..esophilic streptococci used in dairy fermentation processes harbor plasmids 

• of di9erse sizes (Chopin and Langella, 1982; Dawies and Gasson, 1981; Lella~c. 

.... 

~ 

et al, 1980; Kcby and Baldwin, 1982; Peclmann and Teuber, 198C.). Further, it 

has bee2 demonstrated that these organis .. characteristically contain .. ny 

plasmid species. !he n....t.er observed ranges froa 2 to 13, but most strains 

appear to contain 4 to 7 distinct plasmid sizes. Kost of the plaaai.ds observed 

in these organis .. are cryptic, but SOiie carry identifiable metabolic properties 

(Kclay, 1983). In the group R streptococci, phenotypic, physical, and genetic 

edd~nce has been accumulating for plasmid encoded lactose (Mcby, 1982; St. 
r 

Kartia, !!. al, 1982), galactose (Crov, !!. al, 1983; Park and llcby, 198?) and 

sucrose utilization (Gasson, 1984), as veil as for production of nisin and bac-

.~ teriocina::.(GaHoa, 1984; Dobrzanaki, et al, 1982; Fuchs, .!! al, 1975; Kozak, et 

al, 1974; Scherwitz, et al, 1'83) proteinase~ (Mcby, 1983; Otto, et al, 1982), - ,-- --
nisin res1•taoce tGasson, 1984; Mclay and Baldwin, 1984), production of diplo-

coccin by certain Streptococcus cre.oris strains (Davey, 1984; Davey and Pearce, 

1982), and for resistance to certaia phage• (Meltay aad Baldwin, 1984). 
-

Pheaotypic aad physical evideace for plasmid linkage of metabolic traits ia 

mesophilic dairy streptococci has also beea obtained for citrate (Kempler and 

Kcl5y, 1~81), aluc~se, .. ~aose, and xylose utilizatioa (Lellaac, .!!~!. 1980), 

modificatioa-restrictio1t.- syat .... (Cbopia, !!. !!,, 1984; Saaders and lla'!~h .... r, 

1981), aad phase ad•orptioa (Saader• and llaenba11mer, 1983; Vos,.!!!!• 1984) • 

~ue to the i11pe>rtaace of plas~idt in food fe111eatation processes, atte.,ts to 

elucidate the functional properties of crJPtie plasaid• in lactic acid bacteria 

•st continue. 

I 

I 
_ I 
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III. GElllTir. S1UDIES 

5. Dairy streptococci ha•e been poorly characterised genetically. probably due 

to their fastidious nature. the absence of selective .. rk.er$ and because gene 

traasfer systems in this group have only recently been deYeloped. Due to the 

importance of genetics in strain imprcwe.ent progr .... the ~esalts presented now 

u~ll concentrate on the development of gene transfer syS:teas in this group of 

bacteria. 

IV. TIAllSDUCTIOR 

6. A temperate bacteriop";aage was de110nstrated in ~ lactiJ C2 by e.posiag the 

cells to UY irradiation. inoculating the irradiated cells into broth. and 

following the change in turb~dity (llc:Iay and Baldwin. 1971). Tiie turbidity 

increased for about 2 h at which time the suspension lysed. as indicated by 

rapid ~learing of the culture. !he existence 3f phage was confirmed by 

obtaining electron lli.crographs of the phage particles. Fnrther results indi-

cated that a transducing phage had been isolated since UY induced lysatea pre-

pared fr09 ~ lactis C2 converted lactose-... 1tose-. or .. noose-negative recip-

ient cells to the respectbe carbobyd~ate-positive phenotype (llclay • .!! al. 

1973). Thus. transduction. a genetic eJU:haP:~ aystea involYing the use of a 

bacteriophage. vas found and it prOYided a genetic means for exaainiag the spon-

taneous loss of lactose metaboli•• and other traits in this organise. 

7. Plasaid analysis has revealed that the Lac+ Prt+ parental culture ~ lactis 

C2 harbored a 30 Mdal plasaid which vas lost when the cells becaae Lac- Prt-. 

Upon transduction. the original phenotype vas restored when a plasllid of 

approsiaately 21 Mdal vas acquired by the Lac- Prt- recipient. !he plasllid is 

saaller than the 30 tidal lactose plasmid because th~ phage bead can only accoa-

110date or packaJe a piece of DIA of 20-22 Mdal. When the Lac+ transductant lost 

the 21 tidal plasaid, the cell• bee ... 1.ac-; tbu1 tran1ductioa analysis confir11ed 

.. 

l 

' 
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linkage of the ~genes to rlasmd DllA (llcbJ .!!. al. 1976). this temperate 

phage froa C2 vas also shown to traasduce atreptoarcin resistance (llcbJ .!!. al 11 

1980). Other tranadacing phage• have DOV also been fOGDd. Davies and GaaSOQ 

have found that!:. lactis 712 transferred the plasmd gene for lac 11 prt 11 aad 

erythromycia resistance (Davies and Gasson. 1981). In our laboratory a trans-

duciag phage in s. lactis CzO (llcby 11 .!!. al 11 1980) and ~ < re80ris Cl vere also 

noted (Snoolt 9 !!. al 11 1981). 

V. STAllLIDTIOll OF LAC'IOSl-FEIMlllTIS- AIILl?Y 

8. Since stabilisation. of lactose-fer.eating oil ity is a desirule trait ia 

dairy starter cultures. ve used the te.;erate phage froa!:_ lactis CZ to isnlate 

Lac+ traasductaats ia which the Lac plasai.d 11 or a portion of it. bad become 

integrated into the chr0110some. Jleqce. stabilisation of the lactose genes was 

acc011plished (llCbJ and Baldvia. 1979). this ccaclusion vas based oo the 

following observations. 

9. First vas the effect of successive transfers ia the presence of acriflavine 

(A¥) oo toe Lac+ transductaats. the parental culture !:. lactis CZ possessed 88% 

Lac- cells after 6 consecutive transfers. Lac+ transductants normallJ con-

tained froa 12 to 2Z% Lac- cells after 10 co~•ecutive transfers. However. no 

Lac- cells were detected in 4 Lac+ transdactants even after 10 consecutiYe 

transfers. Tbis sugcested that AP was ineffectiYe in causing the conversion 

frOla i.ac+ to Lac- ia these transductants and that-lactose metabolise bad been 

stabilized. Indeed. vben tbe Lac+ transductants were esaained for plasmid DllA. 

those wbicb were curable by AP _lC>ssessed a 22 lldal plasmid. while in those unaf-

fected by AF no detectable plasllid could be obser•ed. 

10. Tbis •t~biiisation was also damon•trated by growing th• culture under con

ditions noa-conduci•• for .. inteaanca of tbe lacto•e plss•id. Vben !.:.. lacti• 

c2. tbe pareatal straia, was 1rOt111 coatln~ously in a cbemostat with 1lucosa •• 

I 
I 
I 

I 
- J1 
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the fenentable sugar, o•er 90% ~f the cells in the growth cluulber were i.ac

after 120 h, whereas no Lac- •ariants could be detected vben a stabilized trans

duLtant was grovo in the chemostat for o•er 150 h. 

11. Tle final proof that la\:.tose •tabolisa bad bee- int1:grated ca.e froa 

eaaainiog the kinetics of UY ioacti•ation of transducing a~ility. According to 

Arber (1960), the traosducing frequency of cbra.osoaal ~enes .. y be sti ... lated 

by exposure of the transdu1:ing lysate to lov UY 4oaes. whereas transduction of 

plasaid linked deterainanta tlOUld shov an eapoaential decrease. therefore, aa 

Arber ezperi•nt was perfor.etl to coofira vbetber lactose-fermenting ability was 

plasaid or chrOllOaa.al linked. the results were consistent for plasaid encoded 

lactose utilization in the paren~al culture, but for a chr0110s01111l location in · 

the stabilized strains. 

12. Stabilisation of the lac genes by causing the lactose plaaaid or a portion 

of it to be incorporated into the chromosome oov allows a study of the genes 

regulating lactose •tabolisa and .. y provide a •ans for stabilizing ether 

•tabolic properties. in lactic acid bac~eria, vbich are •ital for use in food 

or dairy fermentation procesaes. 

VI. UCOllBillAnOB-DlfICIUT llUTAIT OF s. lactia 

13. A recOllbioatioo-deficient (Rec-) ... taot of !:. lacti• would be beneficial in 

characterizing the recOllbioation e~enta occurring in dairy streptococci. Such a 

autant was isolated oa the basis of its sensitivity to .ethyl aetbanea~lfoaate. 

The autaot also displayed sensitivity to UY-irradiation. the inability of the 

autant to •diate h080lo1oua recOllbiaatioa was demonstrated by transduction of 

pla•aid-linked l•ctoae-feraeatin1 ability but not chromoa01111lly-aediated atrep

t011Jcin resistance (Aacleraoa and llC&:ay. 1913a). 

VII. COIJJur=AnOI 

14. A aecoad .. chani•• of senetic exchan1• between bacteria is conjuaation. 

Cooju1ation is a sexual proc••• requirins physical contact durin1 vbich there i• 

'* 
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transfer of genetic .. te1ial froa the donor cell to the recipient cell. 

Conjugal transfer of plasaid D1'A 880ng group R streptococci has been 

de.,nstrated and the conjugal transfer of plasaids responsible for la~tose-

fermenting ability tas pr~ided additional proof that this trait is plasmid 

mediated in .. ny strains. Results obtained by Ke.pier in our laborato=-J 

de.,ns~ra~ed conjugation using !:.. lactis subsp~ diacetylactis 18-16 as the donor 

and a plasmid-cured derivati-.e of !:. lactis C1 as the recipient (~empler sod 

llclay, 1979). Pbenotypic data, as vell as physical e•idence, indicated that the 

genes responsible for lactose metabolisa in 18-16 were linked to the 41 Mdal 

plasaid. Transfer of this plasaid froa rB-16 to the Lac- plasaid cured deYiva-

ti-.e conYerted the strain to the Lac+ phenotype, prOYidiog genetic evidence that 

the 41 lldal plasaid in 18-16 is the lactose plasmid. 

15. Result• obtained by Walsh froa our laboratory demonstrated conjugation 

using!:.. lactis ML3 LS the donor in co•jugal .. tings (Valst and llc~y. 1981). 

This strain possessed at least four plasaids of 55, 8.5, 3.0, and 1.5 kilobases 

(kb). Lactose metabolisa is linked to the 55 kb plasaid; the other 

plasaids are cryptic. The recipient vas a plasaid-cured derivative of s. lactis 

C2. All the transconjugants appeared to contain a single plasaid of nearly 

tvice the size of tbe lactose plasaid in the donor. Although all of the 

traosconjugants froa the aating contained a plasaid of approxiaately 104 ~b, we 

did observe a difference in growth behavior aaong tbea. Tbe aajority did not 

grov as a unifora suspension of cells in broth, but rather formed aggregates of 

cell• that did not di1per•e evea after vigorou• vortexing. The appearance of 

cell a11re1ate• va• •iailar to that de-eTibed by ~unny, .!! .!!• (1978) for 

.!!,. faecali• .. tins llixture• and by -~ lacti• 712 (Ga••on and Davies, 1980). 

There v.re differeace• between the 111.3 •y•tea and the .!!,. faecali• systea. In 

the MI.3 •J•tea, t.ac+ tran•coajugaat• alone, but not the original parental .. tins 

•ixture• for .. d a11regates vhea grown in bToth and cell-free filtrates of 

-~, 

I 
f 
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clumping strains did not induce noo-clumpers to aggre~ate or ~o .. te at higher 

frequency. 

16. The relationship between cell aggregation and conjugation frequency .-s 

also exaaioed. Vheo IU.3 vas the donor, lactose-fermenting ability was trans

ferred at a frequency of 10-6. A non-clumping transconjugant transferred at the 

lover frequency of lo-7. A clumping traosconjugaat transferred at a frequency 

of 1. 7 to lo-1. Proa the tu.3 syste .. , ve proposed that some strains of group R 

streptococci possess a transfer factor that is either chromosOlllll or plasaid 

mediated. Tran•location of this.facto- onto the lacto~e plaaaid greatl~ 

increases th~ transfer freqaency of the plasaid, &Ed in the ML3 Ayatea results 

in cell aggregation. 

17. Further analysis of this syste• was liaited by our inability to isolate 

required quantities of plaaaid DRA. However, we recently developed a methodo

logy which overcomes this liaitation (Anderson and Mclay, 1983b). As a result, 

restriction .. pping vas eapl~yed to characterize the 104 kb cointegrate lactose 

plasaids froa 15 independent transconjugants, Jerived from ~ lactis MLl, as 

well as the 55 kb lactose plasaid (p5~08) and a previously uncharacterized 48.4 

kb plasaid (pRSOl) frOll s. lactis 111.3 (Anderson and Mclay, 1984b). The data 

revealed that the 104 kb plasaids were cointegrates of pR08 and ,asol and vere 

structurally distinct. The replicon fusion event occurred vitbio adjacent 13.8 

kb or 7.3 kb ~II fragments of pS~08, and interrupted apparently ~ando. regjons 

of pRSOl. Correlation of the transconjugants' clumpin1 aad conjugal transfer 

capabilities vitb the interrupted region of p&SOl also identified plSOl re1ions 

codin1 for these properties. In the 104 kb plasaids, the pl861 reaion va• pre

sent in both orientationa with respect to the pR08 rea::on. leplicon fusion 

occurred in the lee- strains, &Pd appeared to introduce a 0.8-1.0 kb ••a-eat of 

\ 
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ORA vithin the junction frag19ents. The degradation of the cointegrate plasaids 

vas monitored by examining the lactose plasaids froa nonclumping derivatives of 

clumping transconjugants. These plasaid& displayed either precise or i11precise 

excision of pRSOl sequences or bad dr ... tically reduced copy nu9bers. Both 

alterations occurred by Rec- independent aechanis.a. Alt~ration of a 

traosconjugant's clU11piag phenotype also occurred by !!:_ independent inversion 

of a 4.3 kb !2!.1-Pvull frag.ent within the pRSOl sequences of the coi~tegrate 

plasaid. 

18. To construct strains fo~ industrial use. it vill be necessary to have an 

efficient syste• for moving genes froa one strain to another. Ve have iden-

tified clU11ping and transfer regions in pRSOl which correlate vith high fre-

quency conjugation. It .. y be possible to move this region onto other 

non-conjugative plasaids in order to get rapid 110bilization of the plasaid into 

a desired strain. 

Vlll. PRODUCTIOll OF ARTACOlllSTIC PROTEIRS 

19. The production of inhibitory substances by dairy streptococci haar been well 

docuaented. Some of these substances have been shown to in~ibit spoilage and 

pathogenic organis•. Additionally theJ p-covide the potential -for influencing 

the doainance of one strain over another in aixed or RUltiple strain starter 

cultures used for dairy feraentations. Dur~ng exaairation of .!:. diacetylactis 

WM4 for conjugation of lactose-fermenting ~~ility, we found that this strain was 

also capable of conjugally transferring the ability to produce the inhibitory 

substance to!.!. lactis (Scbervitz, !!.!!.• 1983). The ability to produce the 

iahibitcry substance was linked to an 88 Mdal plasllid in wil4. The ability to 

transfer the sen~tic factor controlling inhibitory substance production to other 

lactic acid bacteria .. y ultiaately lead ~o construction of additional strains 

capable of iahibitias spoilase or pathosenic otgaais .. durin1 llilk, .. at, or 

"' 
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plant fermentation processes. 

20. Gasson recently de110nstrated conjugal transfer of nisin-producing ability 

into a strain of S. lactis (Gasson. 1984). Risin is a polypeptide antibiotic 

pracluced by somie !:. lactis strain& and it has application as a food preserY-

ative. The possible linkage of nisin-producing ability to plasaid DllA .. y lead 

to the construction of a "super-oisi~"-producing derivative bJ genetir· 

approaches (Gasson. 1984). Such a strain .. y have co..ercial val..e. 

IX. RISIR IESISTAllCE 

21. In yet another conjugation systea we found that !:.. diace~7lactis 'DIC] con

tains a 40 x 106 daltoo plasaid CpWP40) wbich is transferred to a plasaid-cured 

derivative of !:.. lactis CZ (Mclay and Baldwin. 1984). Traosconjugants con-
• •• taining pRP40 acquir?d resistance to nisin. It vas subsequently established 

tbat pRP40 codes for nisin resistance. This fillding .. Y have application in the 

development of cloning vectors applicable to aicroorganis.._ used in dairy_::.an:l 

food fen1entation processes since traditional antibiotic sele~tion .. rlters .. , 

be unacceptable due to possible translllission of the drug resistance plasaid, 

X. PHAGE RESISTARCE 

22. In addition to the above findings, it v~s found that vben these transcon-

jugants acquired pl1f40, they_beca.e resistant to pbage growth at 21•c and 12•c, 

but not at l7'C. Further results snbst11ntiated that pRP40 v.as also coding for 

te!lperature-dependent phage resistance. tbe increasing evidence for au9-- / 

ciation of plasaids vith phage resistance in lactic 11treptccoc~i provides a 
- --- _ __,.,,.... -

genetic •chanis• to explai-l' the r~pid develo,_a~ o-f phase ser1itin 4,,iry-

starter cultures and the .. nipulation of these pla!mid• by aenetic eniiio.erb& 

techniques could be one approach for obtainina phase resistant autants for cOll-

mercial purposes. It .. y als6 be possible to develop piMI&• resistant 1tr1ins by 

• 
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conjugally transferring the appropriate plasai.d to selected phage sensitive 

strains of dairy streptococci as well as to other lactic acid bacteria. In the 

case of pNP40, nisin could possibly serve as the selective .. rker. It .. y also 

be of value to coabine the different genetic loci for phage resistance in a 

single s~rai~ and to stabilize the ph6R~ resistant phenotype by integrating the 

( phage resistance genes into the chromosmae or into a high copy number plasai.d. 

.. 

.. 

n. TRANSPORMATIOR. 
-

23. As illustrated abcve, the development of gene transfer syste .. in dairy 

streptococci h9s increased our knowledge of their genetics and plasai.d biology. 

Conjugatio 1 and transduction have nov b .en well documented (see review by 

GassoP, 1983), and transfor11ation (Kondo and McKay, 1982), transfection (Geis, 

1982); and protoplast fusion (Gasson, 1980) have b~en reported. Although these 

gene transfer m.=chanisms have aided in studying the genetics and plasai.d biology 

of these organi111as, the development of a more efficient plasai.d transformation 

systea is vital for further genetic studies and for the use of recoabiant DNA 

technology frr strain improvement. 

24. Recently we described polyethylene glycol (pEG)-induced transforaation of 

!:. lactis protoplasts using plasmid DNA (Kondo and McKay, 1980). The frequency 

of transforaatio& vas low (approx. 8.5 transforaants/ug DRA) using pLH2103, a 23 

Hdal transductionally-sbortened plasaid coding for lactose utilization. To 

increase the transformation frequency, the parameters affecting the PEG-indu·~d 

plasmid transforaation of !:_ lactis LH0230 protoplasts were exaained (Kondo and 

McKay, 1984). In contrast to •?reading protoplasts over the surface of an agar 

mediua, their incorporation into soft agar overlays enhanced regeneration of 

protoplasts •nd eliminated variability in transforaation frequencies. PEG with 

a molecular weight of 3350 at a final concentration of 22.5% yielded optiul 
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transfonuation. A 20 min PEG treatmient of protoplasts in the presence of DllA 

vas also necessary for .. ai.al transformation. The nUllber of transformants 

recovered increas~J as the protoplast and DllA concentration increased o.er the 

range of 3.0 x 106 to 3.0 i lo8 protoplasts and 0.25 to 4.0 ug OBA per assay, 

r~spectively. Using these parameters, transformation vas inereased t6 5 z 103 

to 4 z 104 transfonuants per ug ORA. 

25. The feasibility ~f using this !:. lactis protop~ast transforaation syste• 

and pGBlOl, an 'S. S8!1JUis cloning .ector, for •lecular cloai~ nf lactose metab-

olisa vas then exaained. EJqteriments were desiped to ~-n•ert Bglll and Bell 

restriction endonuclease fr~nts ef pLM200£, a 33 kb plaa.i.d coding for lac-

tose metabolisa, into the single Bell site of pCBlOl. Bglll restriction 

digestion of pt.112001 yielded at least siz fragments ranging froa 17.9 to 0.3 kb 

while Bell restriction digestion generated at least 8 fragaents ranging froa 

19.4 to 0.4 kb. Recombinant DRA molecules formed froa insertion of these 

fragments into pGBJOl transfuraed !:.. lactis I.110230 at frequencies of 10 to 

100-fold lover than the covalently closed circular fora of pGS301. -Tbirty-aiz 

Lac+ traoafor11ants containing plasmids with Bell inserts an~ 16 Lac+ tranafor

.. ntr containing plaaaida vitb Bglll inserts were obtained. Frac-ents cloned 

which code for lactose 11etabolisa were determined by restriction eodoauclease 

digestion ancl Sou_tbern blot bybricli&ation. The lactose--tabolizing _genes 

appear to reside on the 17.9-kb BglII and the 19.,....kb !!:!I fra..-nts of pLll2001. 

RecOllbinant plasaids isolated froa Lac- trandorunt• showed that a b::-oacl 

spectrua of fra..-nt• bad been cloned. Tbe•e result• indicate that pGBlOl is a 

•uitable cloning vector and the tran•foraatioo frequency i• aufficieot for 

cloni~I plaaaid-cocled sene• in !:_ lactis. 

26. The developaent of a tran•for1111tion •y•tea in dairy •treptococci va• a key 



I 

• 

.. 

- ll -

for perfondng recoebinant DllA experi•nts for strain i.,ron•nt. Rev avenues 

of investigatioai are DOV open for the study of gene eapression. regulction. and 

plasai.d ~evelo.,.ent in these indust•·ially important bacteria. 

XIII. OOllCLUSiml 

27. Jo' conclusion. it i• nov well established that lactic acid bacteria used in 

starter cultures harbor plasai.ds of diverse sises a9d that some.of the•e 

plasai.ds code for pro~rties vital for successful fermentation processes. 

Attempts to elucidate the functional properties of cryptic plasmds ..._t con

tinue. AJlplif~cation of desired plaamd geaes should be possible through the 

iaolatioa of copy number .. tants (Anderson aocl McKay• 1984) vhich •Y increase 

the efficiency of the fermentation process as well as the quality of the final 

product. Stabilization of plasmd--diated traits by integrating the genes into 

the chromosm1e -y alscr prov? beneficial. Clearly. the study of plasmd biology 

in dairy aad food starter cultures has become a prerequisite for future strain 

iaprove•nt progr.... 'rhia knowledge. coupled vith the developing plasai.d 

transfer systeas applicable to lactic acid bacteria, is essential for gene 

cloaing work within th!a group of organia ... 
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