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1. Plasmid biology has become an i-;o\t*tant area of investigatioun in dairy starter

cultures. It is now established that group B streptococci used as starter
cultures l;ltbor plasaids of diverse sizes and that ‘some of these plasmids code
for propettiei vital for successful milk femnutioi; p:q\cestes. Exasples of
plasmid-mediated traits in this group of bacteria inclnde\iictue utilization,
proteolytic activity, citrate utilization, productioun of ufagonittic proteins,
nisin resistance, and resistance to bacteriophage. Developments in the above
area may lead to smplification of plasmid gemes through the isolation of copy

nusber wutsats, thus increasing tne efficiency of the fermentation process as

wvell as the quslity of the final product. Stabilization of these plasmid-

sediated traits by integrating the essential genes into the chromosome may also
prove beceficial. Thus, the study of plaswid biology in dairy streptococci, as
vell as other lactic acid bacteria, has become a prerequisite for future strain
improvement programs. This knowledge, coupled with transduction, conjugation,
procoplast fusion, and transformation systess spplicable to dairy streptococci,
is essentisl for gene cloninsg work within this group of bacteria. The world-

vide interest in the genetics of lactic acid bacteria brings us closer to the

time when genetically improved strains are actually used in commercisl fermen-

tation processes.
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I. INTRODUCTION

2., Plasmid biology is fast becoming an important area of research in lactic

acic bacteria used for milk, meat, and plant fermentation processes, as well as
probiotics. Our laboratory has been examining mesophilic dairy streptococci for -
the presence of plasmid DNA and attewpting to find or develop DNA transfer |
systeas in order to allow genetic studies to proceed with this group of bac-

teria. The present discussion will concentrate on these investigations but i.

not intended o be a comprehensive review. For recent reviews the reader is

directad to Antonie van Leeuwenhoek 49:209-352 (1583) wnich is a zeries of

papers from the Symposium on Lactic Acid Bacteria in Foods: Genetics,

Metabolism, and Applications. A

3. Three metabolic properties of these organisms, vital for sucessful dairy
fermentatiors, include the ability to ferment lactose to lactic acid, to

release amino acids and peptides from casein (proteolyﬁc activity), and the

ability of Streptococcus diacetylactis to utilize citrate and produce diacetyl

(butter aroma). It is now known that from parental strains one can isolate
variants which have lost their ability to ferment lactose {Lac”), to produce
proteinase (Prt™) and/or to utilize citrate (Cit™). Phenotypic dats suggestzd

that these metabolic traits were plasmid mediated.

I1. PLASMID BIOLOGY
4. Plasmids can be defined as unstable genetic entities within the blcte_rill
cell, separate from the bacterial chromosome.  Loss of plasmids cause the cell
to lose the ability to perform functioii dictated by the plasmid DNA. Plasmids

can now be extracted from the dairy streptococci and separated from chromosomsl
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DNA through the use of cesium chloride-ethidium bromide density gradient centri-
fugation and th~ various plasmids are then separated according to size using
electron microscopy or agarose gel electrophoresis. It is weéll established that
the mescphilic streptococci used in dairy fermeatation processes harbor plasmids
of diiets? sizes (Chopin and Langella, 1982; Davies and Gasson, 1981; LeBlauc,
et al, 1950; McKay and Baldwin, 1982; Pechmann and Teuber, 198L). Further, it
has beea demonstrated that these organisms characteristically contain many
‘plasmid species. The number observed ranges from 2 to 13, but most strains
appear to contain & to 7 distinct plasmid sizes. Most of the plasmids observed
in these organisms are cryptic, but some carry identifiable melabolic properties
(McKay, 1983). 1In the group N streptococci, phenotypic, physical, and genetic
evidence has been accululnéing for plasmid encoded lactose (McKay, 1982; St.
letéh, et al, 1982), galactose (Crow, et al, 1983; Park and McKay, 1982) and
sucrose utilization (Gasson, 1984), as well as for production of nisin and bac-
__teriocinsc(Gasson, 1984; Dobrzanski, et al, 1982; Fuchs, et al, 1975; Kozak, et
gl,wi974; Scheruitzz et al, 1983) proteinases (McKay, 1983; Otto, et al, 1982),
nisin resistance {Casson, 1984; McKay and Baldwin, 1984), production of diplo-

coccin by certain Streptococcus cremoris strains (Davey, 1984; Davey and Pearce,

1982), and qu resistance to certain phages (McKay and Baldwin, 1984).
Phenotypic ji; physical evidence for plasmid linkage of metabolic traits in
lesophilic—ddiry streptococci has also been obtained for citrate (Kempler and
McEsy, 1°81), glucose, mannose, gnd xylose utilization (LeBlanc, 55_3&, 1980),

-odificition-restiiction,lysteao“(Chopin, et al, 1984; Sanders and Klasnhammer,

- 1981), and phage adiorifion (sanders and Klaenhammer, 1983; Vos, et al, 1984).
Due to the importance of plasaids in food fermentation processes, attempts to

elucidate the functionsl properties of cryptic plasmids in lactic acid bacteris

sust continue,
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111. GENETI" STUDIES

5. Dairy streptococci have been poorly characterized genetically, probably due

to their fastidious nature, the absence of selective markers and because gene

transfer systems in this group have only recently been developed. Due to the

importance of gemetics in strain iwprovemeant programs, the results preseunted now -
will concentrate on the development of gene transfer systeams in this group of

bacteria.

IV. TRANSDUCTION

6. A temperate bacteriopiage was demonstrated in S. lactis C2 by exposing the

cells to UV irradiation, inoculating the irradiated cells inte broth, and.

foilowing the change in turbidity (McKay and Baldwian, 1973). The turbidity

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

rapid clearing of the culture. The existence of phage was confirmed by

obtaining electron micrographs of the phage particles, Purther results indi-

cated that a transducing phage had been isolated since UV induced lysates pre-

pared from S. lactis C2 converted lactose-, maltose-, or mannose-negative recip-

ient cells to the respective carbohydrate-positive phenotype (McKay, et al,

1973). Thl;l, transduction, a genetic excharge system involving the use of a
bacteriophage, was found and it provided & genmetic ieanl for examining the spon-

taneous loss of lactose metaboliss and other traits in this organism,

7. Plasmid analysis has revealed that the Lac* Prt* parental culture S. lactis
C2 harbored a 30 Mdal plasmid which was lost when the cells became Lac™ Prt~.

Upon transduction, the original phenotype was restored when a plasmid of
approximately 21 Mdal was acquired by the Lac™ Prt~ recipient. The plasmid is -
sualler than the 30 Mdal lactose plasmid because the phage head can only accom—
modate or packsge ; piece of DWA of 20-22 Mdsl. Hh?u the Lac* transductant lost v

the 21 Mdal plasmid, the cells became Lac™; thus transduction anslysis confirmed
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linkage of the lac genes to plasmid DNA (McKay et al, 1976). This temperate
phage from C2 wvas also shown to transduce streptomycin resistance (McKay et al,
1980). Other transducing phages have now also been found. Davies snd Gasson
have found that S. lactis 712 trsasferred the plasmid gene for lac, prt, and
erythromycin resistance (Davies and Gasson, 1981). 1In our laboratory a trans-
ducing phage in S. lactis C20 (McKay, et al, 1980) and S. cremoris C3 were also
noted (Smook, et al, 1981).

V. STABILIZATION OF LACTOSE-FERMENTING ABILITY
8. since stabilization of lactose-fermenting ability is a desirable trait in
dairy starter cultures, we used the teq‘;let.te phage from S. lactis C2 to isolate
Lac* transductants in which the Lac plasmid, or a portion of it, had become
integrated into the chromosome. Hence, stabilization of the lactoie genes was
accomplished (McKay and Baldwin, 1979). This cenclusion was based on the
followving 6bservations.
9. First was the effect of successive transfers in the ‘presence of acriflavine
(A¥) on tae Lac* transductants. The parental culture S. lactis C2 poueued' 8872
Lac™ cells after 6 consecutive transfers. Lac* transductants normally con-
tained from 12 to 227 Lac™ cells after 10 coasecvtive transfers. However, no
Lac™ cells were detected in 4 Lac* transductants even after 10 consecutive
transfers. This suggested that AF was ineffective in causing the conversion
from Lac* to Lac™ in these transductants and that lactose metaboliss had been
stabilized, Indeed, vhen the Lac* transductants were examined for piasmid DNA,
those vwhich were curable by AF jossessed a 22 Mdal plasmid, while in those unsf-
fected by AF no detectable plasmid could be observed,
10. This stabiiization vas also dcnonuutcé by growing the culture under con-

ditions non-conducive for msintensnce of the lactose plasmid, When 8. lsctis

€2, the psrentsl strasin, was grown contin.ously in s chemosta® with glucose as
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the fermentable sugar, over 90 of the cells in the growth chamber were Lac™
after 120 h, vhereas no Lac™ variants could be detected when a stabilized trams-
ductant was grown in the chemostat for over 150 h,
11. Tke final proof that lactose wmetabolism had become iptegrated caze from
examining the kinetics of UV inactivation of transducing akility. According to
Arber (1960), the transducing frequency of chrowosomal genes may be stimulated
by exposure of the transducing lysate to low UV doses, whereas transduction of
plasmid linked determinants would shov an exponential decrease, Ihetéfore, an
Arber experiment was performed to confirm whether lactose-fermenting ability was
plasmid or chromosomal linked. The results we?e consistent for plasmid encoded
lactose utilization in the paren:al culture, but for a chromosomal location im
the stabilized strains.
12, Stabilization of the lac genes by causing the lactose plasmid or a portion
of it to be incorporated into the chromosome now allows a study of the genes
regulating lactose metabolism and way provide a means for stabilizing cther
metabolic properties, in lactic acid bac“eria, which are vital for use in food
or dairy fermentation procesaes.

VI. RECOMBINATION-DEFICIENT MUTANT OF S. lactis
13. A recombination-deficient (Rec™) mutant of S. lactis would be beneficial in
characterizing the recombination events occurring in dairy streptococci. Such s
msutant was isolated on the basis of its sensitivity to methyl methanesclfonate.
The msutant also displayed sensitivity to UV-irradiation. The inability of the
mutant to -edi;te hondiogoul recombination was demonstrated by transduction of
plasmid-linked Vsctose-fermenting ability but not chromosomally-mediated strep-
tomycin resistance (Anderson and McKsy, 1983s).
VII. COWJUGATION

15. A second mechanism of genetic exchange between bacteris is conjugation.

Conjugation is s sexual process requiring physical contact during which there is

e
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transfer of genetic material from the domor cell to the recipient cell.
Conjugal transfer of plasmid DNA amomng group N streptococci has been
.de-:nstrated snd the conjugal transfer of plasmids responsible for lactose-

fermenting ability Las provided additional proof that this trait is plasmid

.o mediated in many strains. Results obtained by Kempler im our laborato-y

demonsirared conjugation using S. lactis subsp. diacetylactis 18-16 as the donmor
and a pl;s-id-cured derivative of S. hc_tis C% as the recipient (Kempler 3ad
McEay, 1979). Phenotypic a-ta, as ;ell as physical evidence, indicated that the
genes responsible for lactose metabolism in 18-16 were linked to the 41 Mdal
plasmid, Transfer of this plaswid from [3-16 to the Lac™ plasmid cured deviva-
tive converted fhe strain to the Lac* phenotype, providing genetic evidence that
the 41 Mdal plasmid in 18-16 is the lactose plasmid,

15. Results obtained by Walsh from our laboratory demonstrated conjugation
using S. lactis ML3 &s the domor in conjugal matings (Walsh and McKay, 1981).
This strain possessed at least four plasmids of 55, 8.5, 3.0, and 1.5 kilobases
(kb). Lactose metabolism is linked to the 55 kb plasmid; the other

plasmids are cryptic., The recipient was a plasmid-cured defivative of 5, lactis
C2. All the transconjugants appeared to contain a single plasmid of nearly
tvice the size of the lactose plasmid in the donor. Although all of the
transconjugants from the mating contained a plasmid of approximately 104 kb, we
did observe a difference in growth behavior among them, The majority did not
grov as a uniform suspension of cells in broth, but rather formed aggregates of ‘
cells that did not disperse even after vigorous vortexing. The appearance of
cell aggregates vas similar to that dercribed by "unny, et al, (1978) for

8. feecalis msting mixtures and by 8. lactis 712 (GCasson and Davies, 1980).
There were differences between the ML3 system and the 8. faecalis system. 1In

the ML3 system, Lac* transconjugsnts slone, but not the original parentsl mating

sixtures formed aggregates when grown in broth and cell-free filtrates of
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clumping strains did not induce nou-clumpers to aggreszate or "o mate at higher
frequency.

16. The relationship between cell aggregation and conjugation frequency sas
also exsmined. When ML3 was the donor, lactose-fermenting ability was trans-

ferred at a frequency of 10°6, a non-clumping transconjugant transferred at the

lower frequency of 10-7. A clumping transconjugantrtrensferred at a frequeancy
of 1.7 to 101, From the ML3 systems, we proposed that some strains of group N
streptococci possess a transfer factor that is either chromosomal or plasmid
mediated. Translocation of this‘facto-<;ato the lactose plasmid greatly
increases the transfer fteqnency/of th; plasmid, ard in the ML3 system results
in cell aggregation.

17. Further analysis of this system was limited by our inagbility to isolate
required quantities of plasmid DNA. However, we recently developed a methodo-
logy which overcomes this limitation (Anderson and McKay, 1983b). As a result,
restriction mapping was emplnyed to characterize the 104 kb cointegrate lactose
plasmids from 15 independent transconjugants, Jerived from S. lactis ML3, as
well as the 55 kb lactose plasmid (pSK08) and a previously uncharacterized 48.4
k$ plasmid (pRSOl) from S. laccis ML3 (Anderson and McKay, 1984b). The data
revealed that the 104 kb plasmids were cointégratel of pSK08 and pRSOl and were

structurally distinct, The replicon fusion event occurred within adjacent 13.8

kb or 7.3 kb Pvull fragments of pSK08, and interrupted apparently ~andom regions

of pRSOl. Correlation of the transconjugants'’ clumping aand conjugal transfer
capabilities with the interrupted region of pRSOl also identified pRSOl regions
coding for these properties., In the 104 kb p}alnidn, the pR80l region was pre-
sent in both orientations with respect to the pSKO8 reg-on. Replicon fusion

occurred in the Rec”™ strains, and appeared to introduce a 0.8-1.0 kb segment of
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DNA vwithin the junction fragmeats. The degradation of the cointegrate plasmids
was monitored by examining the lactose plasmids from nonclumping derivatives of
clumping transconjugants. These plasmids displayed either precise or imprecise
excision of pRSOl sequences or had drematically reduced copy nusmbers. Both
alterations occurred by Rec™ independent mechanisms. Alteration of a
transconjugant's clumpiag phenotype also occurred by rec independent inversion
of a 4.3 kb KpnI-Pvull fragment within the pRSOl sequences of the cointegrate
plasmid,
18. To construct strains for industrial use, it will be mecessary to have an
efficient system for moving genes from one strain to another. We have iden-
tified clumping and transfer regious in pRSOl which correlate with high fre-
quency conjugation. It may be possible to move this region onto other
non-conjugative plasmids in order to get rapid mobilization of the plasmid into
a desired strain.

VIII. PRODUCTION OF ANTAGONISTIC PROTEINS

19. The production of inhibitory subsi.ances by dairy‘streptococﬁi has been ueil
documented. Some of these substances have been shown to inhibit spoilage and
pathogenic organisms. Additionally they provide the potential for influencing
the dominance of one strain over another in mixed or multiple strain starter

cultures used for dairy fermentations. During examiration of S. diacetylactis

WMb4 for conjugation of lactose-fermenting shility, we found that this strain was
also capable of conjugally transferring the ability to produce the inhibitory
substance to S. lactis (Scherwitz, et al, 1983). The ability to produce the
inhibitcry substance was linked to an 88 Mdal plasmid in WM4. The ability to
transfer the genctic factor controlling inhibitory substaace production to other
lactic acid bacteria may ultimately lead %o construction of additional strains

capable of inhibiting spoilage or pathogenic organisms during milk, meat, or
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plant fermentation processes,

20. Gascon recently demonstrated conjugal transfer of nisin-producing ability
into a strain 6f S. lactis (é;sson, 1984). Wisin ig a polypeptide amtibiotic
ptoddced by some S. lactis strains and it has application as a food preserv-
ative., The possible linkage of nisin-producing ability to plasmid DNA may lead
to the construction of a "super-nisia“-producing derivative b; genetic-
approaches (Gasson, 1984). Such a strain may have commercial value,

IX. WNISIN RESISTANCE

21. In yet another conjugation system we found that S, diaceylactis DRC3 con- .

tains a 40 x 106 daltonAplas-id (pNP40) wbich is transferred to a pial-id-cured
derivative of §. lactis C2 (Hclay»and Baldwin, 1984), Trnfsconjugants con-
taining pNP40 acquirzd resistance to nisin. It was subseq:;ntly estabiished
that pNP40 codes for nisin resistance. This finding way have application in the
development of cloning vectors applicable to -icroorganisns.uléd in dairy: an:
food fermentation processes since traditiomal antibiotic leleeFiou -n;keta may
be unacceptable due to possible transmission of the drug resi:tance plas-id;

X. PHAGE RESISTANCE B
22. 1In addition to the gbove findings, it wgs found that whén these transcon-
jugants acquired pNE40, thég»becale resistant to pﬁige growth at 21°C and 32°C,
but not at 37°C. Further results shbstantiated that pNP40 was also coding é;r
temperature~dependent phage resistance. The increasing evidence fqt quy-
ciation of plasmids with phage,reliltanée in lactic streptqco;§i>providea a )
genetic mechanism to explain the rapid developlcnf oflfh;gi/;erlitive 4bit;i
starter cultures and the -nnipulltion,of these plazuidi by genetic engineering

techniques could be ond approsch for 6btuinin¢ phage resistant mutants for com-

mercial purposes. 1t may alsc be possibis to develop phage resistant strains by
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conjugally transferring the appropriate plasmid to selected phage semsitive
strains of dairy streptococci as well as to other lactic acid bacteria. In the
case of pNPA0, nisin coﬁld possibly serve as the selective marker. It say also
be of value to combine the differeat genefic loci for phage resistance in a
single strain and to stabilize the phsgz resistant phenotype by integrating the

phage resistance genes into the chromosome or into a high copy number plasmid.

XI. TRANSFORMATION
23. As illustrated abcve, the development of gene transfer systems in daié}
streptococci has increased our knmowledge of their genmetics and plasmid biology.
Conjugatio: and transduction have now b .en well documentad (see review by
Gnsson, 1983), and transformation (Kondo and McKay, 1982), transfection (Gexs,
1982), and protoplast fusion (Gasson, 1980) have been reported. Although these
‘gene transfer mechanisms have aided in studying the genetics and plak-id biology
of these organi:ms, the development of a more efficient plasmid transformation
system is vital for further gemetic studies and for the use of recombiant DNA
Vtechnology for strain improvement.
24. Recently we described polyethylene glycol (?EG)-iuduced transformation of

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

of transformatior. was low (approx. 8.5 transformants/ug DNA) using pLM2103, a 23
Mdal transductionally-shortened plasmid coding for lactose utilization. To
increase the transformation frequency, the parameters affecting the PEG-indu-2d
plassid transformation of S. lactis LM0230 protoplasts were examined (Kondo and
McKay, 1984). 1In contrast to spreading protoplasts over the surface of an agar
wedium, their incorporation into soft agar overlays enhanced regeneration of
<protoplastl and eliminated variability in transformation frequencies., PEG with

a wolecular weight of 3350 at a final concentration of 22.5% yielded optimal
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transformation. A 20 min PEG treatment of protoplasts in the presence of DNA

was also necessary for maximal transformation. The nuwber of transformants
recovered increascl as the protoplast and DNA concentration increased over the
range of 3.0 x 106 g:o 3.0 x _108 protoplasts and 0.25 to 4.0 ug DNA per assay,
respectively. Using these parameters, transformation was increased to 5 x 103
to 4 x 10% transformants per ug DRA.

‘ XII. CLONING IN S. lactis
25. The feanbxhty of using this S. lactis protopllat trnnsforuuon synte-
and pGB301, an S. sanguis clonmg vector, for molecular cloning of lactose me tab-
olism was then examined, Experiments were designed to insert BgllI and Becll
restriction endonuclease fragxents of pLM200., a 33 kb plasmid coding for lac-
tose metabolism, into the single Bcll site of pGB30l. BglIl restriction
digestion of pLM200] yielded at least six fragments ranging from 17.9 to 0.3 kb
while BclI restriction digestion gemerated at least 8 ftag-e!:ts ranging from
19.4 to 0.4 kb, Recombinant DNA molecules formed from insertion of these
fragments into pGB30l transformed §_._ lactis LM0230 at frequencies of 10 to
100-fold lower than the covalently closed circular form of pGa30l. Thirty-six
Lac* transformants containitig plasmids with Bcll inserts and 16 Lac* transfor-
mante containing plas-idi with MII iﬁleru were obtained., Fragments cloned
which code fot lactose metabolism were determined by restriction eudonuclease
digestion and Southern blot hybndxutl.on. The lactou—neubolumg genes
appear to reside on the 17.9-kb BglII and the 19.4-kb Bcll fragments of pLM2001,
Recombinant plasmids isolated from Lac™ transformants shoyed that a b-osd
spectrum of fragments had been cloned, These results indicate that pCB30l is a
suitable cloning vector and the transformstion frequency is sufficient for
cloning plasmid-coded genes in S. lactis,

26, The development of s transformation system in dairy streptococci was a key
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for performing recombinant DHA experiments for strain improvement. WNew aveaues
of investigatioa are now open for the study of gene exnression, regulction, and
plasmid glevelop-ent in these indust-.-ially important bacteria.

XIII. CONCLUSION
27. 1In conclusion, it is now well established that lactic acid bacteria used in
starter cultures harbor plasmids of diverse sizes and that some of the.e
plasmids code for properties vital for successful fermentation processes.
Attempts to elucidate the functional properties of cryptic plasmids must con-
tinue. Amplification of desired plasmid genes should be possible through the
isolation of copy number mutants (Anderson and McEKay, 1984) which may increase
the efficiency of the fermentation process as well as the quality of the final
product. Stabilization of plasmid-mediated traits by integrating the genes into
the chromosome may also prov: beneficial. Clearly, the study of plasmid bio;ogy
in dairy and food starter wc:ultm:ei has become a prerequisite for future strain
improvement prograas. ;rllis knowledge, coupled with the developing plasmid
transfer systeas applicablerto lactic acid bacteria, is essential for genme

cloning work within this group of organisms.




REFERENCES

Anderson, D. G., and L. L; McXay. (1983a). J. Bacteriol,
155:930-932.

Anderson, D. G., and L. L. McKay. (l983b). Appl. Environ.
Microbiol. 46:549-552, v

Anderson, D. G., and L. L. McKay. (1984a). Appl. Euviron.
Microbiol. 47:245-249.

Anderson, D. G., and L. L. McKay. (1984b). J. Bacteriol.
158:954-962. ‘

Arber, W. (1960). Virology 11:273-288.
Chopin, A., and P. Langella (1982). Le Lait 62:705-719

Chopin, A., M. Chopin, A. Moillo-Batt, and P. Langella. (1984).
Plasmid 11:260-263.

Crow, V. L., C. P. Davey, L. E. Pearce, and T. D. Thomas. (1983).
J. Bacteriol. 153:76-83,

Davey, G. P. (1984). Appl. Environ, Microbiol. 48:895-896.

Davey, G. P. and L. E. Pearce. (1982). 1Im D. Schlessinger (ed.),
Microbiology-1982. p. 221-224. American Society for Microbiology,
Washington, D. C.

Davies, F. L. and M. J. Gasson. (1981). J. Dairy Res. 48:363-376

Dobrzanski, W. T., J. Bardowski, W. Kozak, J. Zajdel. (1982). 1m D,
Schlessinger (ed.), Microbiology-1982. p. 225-229., American
Society for Microbiology, Washington, D. C.

Dunny, G. M., B. L. Brown, and D. B, Clewell. (1978).
Proc. Natl. Acad. Sci. 75:3479-3483,

Fuchs, P. G., J. Zajdel, and W. T. Dobrzanski. (1975).
' J. Gen, Microbiol. 88:189-192,

Gasson, M, J. (1980). FPEMS Microbiol. Lett. 9:99-102
Gasson, M. J. (1983). Antonie van Leewenhoek., 49:275-282
Gasson, M. J. (1984). FEMS Microbiol. Lett., 21:7-10.

Gasson M. J., and ¥, L. Davies. (1980). J. Bacteriol. 143:1260-1264.




- 15 -

Geis, A. (1982). FEMS Microbiol. Lett. 15:119-122.

Zempler, G. M. aund L. L. McKay. (1979). Appl. Enviroa.
Microbiol. 37: 1041-1043, .

EKondo, J. K., and L. L. McKsy. (1982). Appl. Environ. Microbiol.
43: 1213-1215.

Kondo, J. K. and L. L. McKay. (1984). Appl. Envirom. Microbiol.

Kozak, W., M. Rajcher-Trzpl, and W. T. Dobrzanski. {1978).
J. Gen Microbiol. 83:295-302.

Le Blanc, D. J., V. L. Crow, and L. N, Lee, (1980). 1ImC. Stuttard and
K. R. Rozee, Plasmids and Transposons: Environmental Effects and
Maiatenance Mechanisms. Pp- 31-4! Academic Press, N.Y.

McKay, L. L. (1982). Iu R, pavies (ed.) Developments in Food
Microbiology-l. p. 153-182. Applied Science Publishers Ltd.,
Essex, England, ) ‘ )

McKay, L. L. (1983). Antonie van Leeuwenhoek 49:259-274.

McEKay, L. L. and K. A. paldwin. (1973).  Appl. Microbiol.
25:682-684.

McKay, L. L. and K. A. Baldwin. (1979). Appl. Eavirom. Microbiol.
36:360-367. .

McKay, L. L., and K. A. Baldwin, (1982). 1In D. Schlessinger (ed.)
Microbiology - 1982. p. 210-212. American Society for Microbiology,
Washington, D.C.

McKay, L. L. snd K. A. Baldvir. (1984). Appl. Envirom. Microbiol.
ﬂ:“",‘o

McKsy, L. L., K. A, Baldwin, snd J. D. gfstathiou. (1976). Appl.
Environ. Microbiol. _3_2.:45-52.

McKay, L. L., K. A. paldvin, and P. M. Walsh. (1980). Appl. Environ.
Microbiol. ﬂle. }

McKay, L.L., B.R. Cords, and K.A. Baldwin, (1973). J. Bacteriol.
115:810-815.

otto, A., W. M. DeVos, and J. Gavrieli. (1982). Appl. gaviron.
Microbiol., 43: 1272-1277.

park, Y. H, and L. L. McKay. (1982). J. Bacteriol. 149:420-425.

.




Pechmann, H., and M. Teuber. (1980). 2bl. Bakt. Hyg. 1:133-136.

Sanders, M. E. and T. R. Klacohammer. (1981). Appl. Emvironm.
Microbiol. 42:944-950.

Sanders, M. E. and T. R. Klaenhsmmer. (1983). Appl. Environ.
Microbiol. ﬁ:llZS'-ll:”. '

Scherwitz, K. M., K. A. Baldvin, and L. L. McKay. (1983). aAppl.
Euviroa. Microbiol., '45:506-1512.

Snook, R. J., L. L. Wckay and G. G. Aulstrand. (1981). Appl.
Environ. Microbiol. 42:897-903. )

St. Martia, E. J., L. N. Lee, and D. J. LeBlanc. (1982). In D.
Schlessinger (ed.), Microbiology-1982. p. 232-233. American
Socizty for Microbiology, Washingtom, D.C. )

Vos, W. M., H. M. Underwood, and F. L. Davies. (1984). FEMS
Microbiol. Lett. 23:175-178.

Walsh, P. M. and L. L. McKay. (1981). J. Bacteriol. 146:937-94%.







	0025A01
	0025A02
	0025A03
	0025A04
	0025A05
	0025A06
	0025A07
	0025A08
	0025A09
	0025A10
	0025A11
	0025A12
	0025A13
	0025A14
	0025B01
	0025B02
	0025B03
	0025B04
	0025B05
	0025B06
	0025B07

