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Plasmids are extrachromosomal genetic elements 
which in bacterial cells occur as entities physically 
separated from the chromosome and, as such, are 
capable of self-maintenance and self-replication for 
an infinitely long time. They are ubiquitous, be- 
ing present  in bacteria of  nearly all systematic 
groups, and are also found in cells o f  a number  
of  eukaryotes. When residing in bacteria, plasmids 
impart to them important properties, such as drug 
resistance, toxin production, and a capacity to de- 
grade organic compounds.  One of  the most re- 
markable properties of  many of  them (conjugative 
plasmids) is the ability to transfer genetic infor- 
mation from t h e  host (donor) bacteria to other 
(recipient) bacteria. This property is determined by 
the genetic region ha,  which, as has been estab- 
lished for the F plasmid, comprises more than 20 
genes and controls the synthesis of  proteins that 
make possible both the conjugation of  donor to 
recipient bacteria and DNA transfer from donors 
to recipients. Most of  these genes have been traced 
to the operon traY--+ traZ [31,32,34,36,37]. 

A positive regulator of  the traY--, traZ operon 
in the F plasmid is the traJ gene, whose product  
is required for the transcription of  this operon. 
The traJ gene, however, is itself under  the nega- 
tive control of the OP system's genes that prevent 
its expression and, consequently, the expression of  
the t r a Y ~  traZ operon [29,36]. Accordingly, as we 
noted earlier [17], the genetic regulation of  F plas- 
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mid transfer may be described as a "two-story" 
one, being positive at one "story" and negative at 
the other. Yet there also exists a traJ-independent 
transfer that is not  acted upon by a product of  the 
OP system. Rather, as shown in several studies, 
the traJ-independent transfer is acted upon by 
products of  other genetic systems, including finQ, 
finU, finV, finW, and finC, identified in the ge- 
nomes of  self-repressed (rd) F-like and non-F-like 
plasmids [29,30,36]. 

Thus, as can be seen from the above, the 
regulation of  plasmid transfer is effected by many 
genes. However, we still do not  know how many 
genes are actually involved in regulating plasmid 
transfer, what the number  o f  such genes is and 
how they interact in the genomes of  separate plas- 
raids or in those of  plasmids that form complexes 
in bacteria, and what are the origins of  regulatory 
genes. All these questions led us to undertake stud- 
ies aimed at identifying o ther  genes regulating 
traJ-independent plasmid transfer, unraveling the 
mechanisms of  their action and interaction, and 
tracing their origins. 

SEEKING AND iDENTIFYING FIN 
SYSTEMS IN RD-TYPE PLASMIDS 
Before a search for other possibly existing fin sys- 
tems could be started, it was necessary to have, as 
indicators, plasmids of  the derepressed (drd) type 
sensitive to inhibitors of  plasmid transfers deter- 
mined by already identified fin systems. For this 
reason, drawing upon  the available knowledge 
[29,30,36] o f  the  genetic systems finOP, finQ, 
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finU, finV, finW, and finC, which are capable of 
inhibiting Tra functions of the Flac plasmid, we 
started out by determining how sensitive to the 
inhibitors controlled by these systems are the F- 
like drd plasmids identified in our laboratory at 
different times [2,3,19-21]. As plasmids containing 
fin systems we used rd plasmids that determine in- 
hibitors of known types, namely R100 (finOP), R62 
(finQ), TP108 (finQ), JR66a (finU), R485 (finV), 
R455 (finW), and CloDF13cop3 (finC) received 
from N. Willetts' Laboratory (Great Britain). 

The sensitivity of these drd plasmids to inhibi- 
tors was estimated by determining the inhibitability 
of their Tra functions (i.e., the frequency of con- 
jugational transfer and the activity of specific "sex" 
pili adsorbing pilus-specific phages from the F 
group) by rd plasmids. 

The results obtained in estimating the sensi- 
tivities of  the drd plasmids under study to known 
inhibitors of  Flac plasmid transfer and in deter- 
mining their ability (or inability) to inhibit the 

Tra functions of the Flac plasmid are presented 
in Table 1. 

As shown in Table 1, unlike the "classic" F 
plasmid of the drd type, which is sensitive to in- 
hibitors of all six known types (FinOP, FinQ, 
FinU, FinV, FinW, and FinC), the F-like drd 
plasmids from our collection proved to be sensi- 
tive at one and the same time to only one to five 
of the known transfer inhibitors. In other words, 
these F-like drd plasmids were each characterized 
by a more narrow range of sensitivity to transfer 
inhibitors than the F plasmid. 

In evaluating our results, we came to the con- 
clusion that some of the drd plasmids listed above 
could indeed be utilized as indicator test plasmids 
for the further identification of fin systems in the 
self-repressed plasmids. Accordingly, using the se- 
lected collection of F-like drd plasmids with known 
types of sensitivity to transfer inhibitors, we devel- 
oped a special procedure to search for and iden- 
tify fin systems of conjugative plasmids of the self- 

TABLE 1. Sensitivity of drd Plasmid Transfer to Identified Inhibitors 

pAPl0 - -2 : :Tn9  

Incompatibility 
group 

FI 

drd Plasmid 
Abili ty to inhibi t  Flac f i n  Systems to which 

transfer drd plasmids are 
sensitive 

-- OP, Q, U, V 

U V 
: ;  

p A P l l - - 2 : : T n l  FI /FIV + OP, Q, U, V, W 

p A P l l - 2 : : T n 9  FI /FIV OP, U, V, W 

+ / - -  

-4- 

pAP18-- l : :Tn5 

pAP19-- l : :Tn l  

pAP22 -- 2 

pAP22-- 2::Tn5 

pAP41 ::Tn9::Tn 1721 

pAP42::Tn ! 

pAP42::Tn9 

pAP53 

: )  [ [:[ i i[! ;; [ ; [ i  

pAP53::Tn9 

FVII (partially) 

FX 

FIX 

+ FIX 

FIII 

Note. + (--) = ability {inability) to inhibit plasmid transfer; + / - -  = inhibitory effect is weak. 

V 

ii~!i~!~i~ii!~ �84 ill i~ ii �84 

OP, Q, U, V, W 

OP, V 

V 

OP, U, V 

OP, U, V 

w 
OP, U, V 

V 
:? 

. . . . . . . . .  ? i 

V 
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TABLE 2. Identification of f/n Systems Regulating Transfer in Plasmids of the Self--Repressed Type 
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rd Plasmid 

pAP2 

p A P 7 -  1 

pAP17- -2  

pAP28 

p A P 3 0 -  2 

:{i[: [ 12t 1;;[[ 

pAP39::Tn9 

} NiiiNi? 
pAP41 ::Tn9 

Ability to inhibit transfer of F-like drd plasmids (type of sensitivity to 
transfer inhibitors) 

pAP18-1 pAPll-2::Tn5 pAP10-2::Tn9 
pAP53::Tn5 pAP22-2::Tnl pAP18- l::Tn9 pAP19- l::Tn9 pAP11-2::Tnl pAP5 3::Tn9 (U, V') 

(U) _ (U, W) (OP, U, V) (OP, Q, U, v)  

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

ND 

Probable type 
o f  rd plasmid 

inhib i tor  

+ OP 

+ , U , . 

+ U 

+ I U 

+ u 

�9 +' : I v 
I 

+ OP 
+ ' u 

+ U 

+ u 

+ U 

ND ' V 

ND V 

Note. + ( - )  = ability (inability} of the rd plasmid to inhibit 

repressible type (rd plasmids). The rd plasmids 
used had been identified by us previously in vari- 
ous naturally occurring E. coli populations [14,15]. 

As can be seen in Table 2, the genomes of  
these rd plasmids contained fin systems already 
described by other  authors, the two systems en- 
countered most  frequently being finU and finV. 

However, as we discovered in our further stud- 
ies o f  the inhibitory potentials possessed by other 
rd plasmids [12], the inhibitory activity of  some 
of  them differs fundamentally from that of the rd 
plasmids in Table 2. The F-like plasmids pAP19- 
l : :Tn9,  pAP20::Tng, pAP22-1: :Tnl ,  and pAP27 
were found not  to inhibit a n y  of  the Flac factor 
transfer functions. In appraising these findings, we 
supposed that the indicated plasmids fail to act on 
the F factor because their genomes contain fin 
genes that determine the synthesis of  some other 
inhibitors, i.e., that the plasmids contain fin genes 
distinct from those previously described. 

To check this hypothesis, we carried out ex- 
periments to determine the sensitivity of  individual 
F-like drd plasmids to inhibitors controlled by the 
fin systems of  pAP19-1::Tn9, pAP20::Tng, pAP22- 
l : :Tn l ,  and pAP27. As shown in Table 3, the 
genomes of these plasmids indeed contain fin genes 
determining the synthesis of  inhibitors that, while 
not  inhibitory for the  Flac plasmid, are active 
against F-like drd plasmids, inhibiting their trans- 
fer and piliation. 

Tra functions in the drd plasmid. ND = not determined. 

The fin systems identified in the plasmids 
pAP19-1::Tng, pAP20::Tng, pAP22-1: :Tnl ,  and 
pAP27 were designated as rinK, finL, finM, and 
finN, respectively. 

Having obtained these results, we undertook sev- 
e rn  experiments to establish genomic locations of  
the identified fin systems, including finV, finU, and 
finN [4,9,11]. To this end, we used molecular clon- 
ing of  different restriction DNA fragments from 
plasmids containing those systems in their genomes. 

In order  to localize the finV system, the 
EcoRI and Sail fragments of  pAP18-1 were cloned 
within the vector plasmid pBR325. The subsequent 
complementat ion analysis using the resulting re- 
combinant  plasmids showed that the genetic finV 
system of  pAP18-1 occurs in its SalI fragment f5 
(3.9 MD). It was also found that this fragment 
contains both the genetic region controlling the sur- 
face exclusion of pAP18-1 (sfxlI region) and some 
of  the structural genes determining the transfer of  
this plasmid (tra2 region). An additional complemen- 
ration analysis using a group of  the identified F-like 
drd plasmids with mutational changes in the genetic 
region controlling the synthesis of  a FinV type in- 
hibitor led us to conclude that this region has a 
complex (polygenic) organization [23]. The fin V 
region consists of  at least three distinct genes, and 
we designated these as A, B, and C. 

To localize the finU system, the HindIII frag- 
ments of  pAP17-1::Tn9 were cloned, also within 
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the vector plasmid pBR325, and the finU system 
was found to be located in the HindIII fragment 
f3 (8.2 MD) of AP17-1::Tn9. 

The location of  the f inn  system was established 
by cloning the BarnHl fragments of  pAP27 within 
the vector plasmid pUC19: it occurs in the BamHI 
fragment /'3 (5.8 MD) of  this F-like rd plasmid. 

EXPRESSIVITY OF FIN SYSTEMS 

Previously, the expressivity o f  fin systems was stud- 
ied only in cells o f  laboratory E. coli K-12 
strains. Yet plasmids circulate in ecological niches 
among bacteria o f  different species, and it was 
therefore interesting to fmd out whether fin sys- 
tems o f  the same plasmids occurring in different 
bacteria, or at least in bacteria o f  serologically 
typable and nontypable E. coli strains, are ex- 
pressed to the same extent. Accordingly, we first 
constructed such strains by incorporating one in- 
hibiting plasmid and one inhibitable plasmid 
(rd+drd) into E. coli cells, and compared the cells 
for efficiency of plasmid transfer. 

TABLE 3. Fhu Effects of rd Plasmids pAP22--l::Tnl, pAP20::Tn9, 
and Piliation 

As shown in Table 4, fin systems were more 
active in the cells of  serologically nontypable E. 
coli strains. For example, the inhibition indices of  
drd-plasmid transfer were invariably higher for all 
tested rd plasmids contained in cells of  the sero- 
logically nontypable strain AP132 than for cells of  
serologically typable strains. These differences were 
all statistically significant (p<0.001). This means 
that the expression of  fin systems is subject to in- 
fluence by the bacterial genome. 

Similar results were obtained in our study of  
the expression of the genetic region tra, which is 
contained in the genomes of  various F-like plasmids 
and is responsible for the formation of  functional 
"sex" pili and of surface exclusion systems (sfx sys- 
tems) in serologically typable E. coli strains [18]. 

Our fmding that fin systems are subject to the 
influence of  the bacterial genome and the reported 
evidence that chromosomal genes of  E. coli K-12 
donor  cells influence the expression of  functions 
performed by F plasmid tra genes [26-28] made 
us c u r i o u s  to  f red  o u t  w h i c h  c h r o m o s o m a l  s e g m e n t  

of E. coli affects the expression of  fin systems. 

pAPI9-l : :Tn9,  and pAP27 on drd Plasmid Transfer Functions 

drd Plasmid 

pAP10--  2::Tn9 

Sensit ivi ty o f  drd 
plasmids to reference 

f i n  systems 

OP, Q, U, V 

p A P I I - - 2 : : T n 5  OP, U, V 

r ::2 ] ] [ }  [ : ) [ ! h  i ;] ]; ;[ ] ;i =} 

pAP18-- 1 

pAP18--  l : :Tn9 

pAP22 -- 2::Tn5 

pAP39::Tn9::Tn5 

:]: i! 

pAP41 ::Tn9::Tn 1721 

: ] i 2 : ; 2  ;: 2 2 ;  ; :: [ii 

pAP42::Tn5 

pAP53::Tn5 

V, W 

V, W 

OP, U, V 

; i  

V 

ND 

O P ,  U ,  V 

[ i i i i i i i i  iii i iii i i il < !i[iiil 

U , V , W  

pAP22- l : :Tn l  

Fin  effect due to rd plasmid 

pAP20::Tn9 

ND ND 

- -  + / - -  

- + 

i l  

- -  + 

ND 

pAP19- l : :Tn9 

+ 

+ 

pAP27 

ND 

+ 

ND 

ND 

+ 

4- 

+ 

V + + 

+ ND 

ND 
+ 

- -  + / - -  

- -  N D  

i i i; i : 

+ + / -  

+ + / -  

(i::i~ii:ii!:iiii:iiiiiiil]iiiiii~iii~iiiiiiii]~ili,~i~<i! ] i i~ i [ i i~ ! [ i i~ i~ [ i~ i ! !~ i~ i i i i ] ! i~ ! i~ i i !~ i !~ i ! i ! i i ] i i i i i i i i i [~ [ i~ [ i i i i i i ] i i i i< i [~ i i ! i  i i i  i [~ i i i i i i [ i  ~i i~i i~!i i  r~: ~ ~ i 

N o t e .  + --- F/n effect for plasmid transfer and piliation; + / - -  = F/n effect for plasmid transfer; - = no Fin effect. ND -- 
not determined. 
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Our experiments with prototrophic and aux- 
otrophic E. coli K-12 strains [5] revealed a clear- 
cut association between the genetic features of indi- 
vidual strains and the expressivity of the finV sys- 
tem contained in the F-like rd plasmid pAP18-1. 
Our subsequent genetic analysis led us to conclude 
that the chromosome of E. coli K-12 cells has a 
genetic region essential for the normal expression of 
the plasmid system finV; this region was designated 
as tis (transfer inhibition stimulation). As a study of 
genetic recombinants produced by crossing T/s + and 
Tis cells showed, the tis region is linked to the 
chromosomal segment controlling the synthesis of 
threonine and leucine. This indicates that the chro- 
mosomal segment Thr-Leu plays a major role in 
the expression of the finV system. 

INTERACTION OF FIN SYSTEMS 
Prior to our investigations reviewed here, the ob- 
jects of  studies on the regulation of genetic trans- 
fer were bacterial cells that contained only one rd 
plasmid carrying one of  the fin systems. However, 
bacteria of naturally occurring strains contain, as 
a rule, plasmid complexes made up of two or 
more plasmids in one bacterial cell [1,7,8,16, 
25,33,35], each of which can probably have its own 
fin system. This raises the question of how one 
fin system may act on or interact with another in 
a bacterial cell carrying more than one plasmid, 
each having its own systems of plasmid transfer. 

Before addressing this question, we investigated 
a natural plasmid complex discovered in cells of  
an opportunistic E. coli strain and consisting of the 
F-like plasmid pAP18-1 (Tc, Col V) and the N- 
like plasmid pAP18-2 (Sm). Unlike pAP18-1, 
which codes for the synthesis of the FinV inhibi- 
tor acting upon the Tra functions of the Flac plas- 
mid, the rd plasmid pAP18-2 was found not to 
influence conjugative properties of the Flac plasmid 
and to contain, possibly for this reason, a differ- 
ent fin system in its genome. On the other hand, 
pAP18-2 is sensitive to the FinV inhibitor of  
pAP18-1, but not vice versa. These findings indi- 
cate that the plasmids of  the complex are not in- 
different to each other [6]. 

In further experiments, we constructed a num- 
ber of artificial diplasmid complexes from plasmids 
containing finV or finU systems, and then examined 
their interaction in inhibiting the transfer of  the 
Flac plasmid and of other F-like drd plasmids. 

These experiments showed that if each of the 
two plasmids contains a finV system, then the in- 
hibitors controlled by these systems inhibit the 
transfer of  the Flac and F-like drd plasmids to a 

much greater extent than in the case of each of 
the finV systems acting separately. In contrast, no 
enhancement of the inhibitory effect was observed 
with diplasmid systems of the type f inU+finU or 
finU+finV. 

We also studied interactions of fin systems 
using cointegrative plasmids pAP42/pRSF2124 and 
pAP42/pUB781 constructed on the basis of the F- 
like transfer factor pAP42 (finU) and nonconjuga- 
tive plasmids pRSF2124 and pUB781 possessing 
finV systems [13]. As these experiments showed, 
the genetic systems JTnU and f inV incorporated 
into the genomes of cointegrative plasmids act in 
an additive manner,  so that the effects of the 
composite inhibitor synthesized under the control 
of both these systems is much greater than the ef- 
fects resulting from each of them separately. 

Assessing the results presented above, we may 
conclude that the two finV systems belonging to 
different plasmids in plasmid complexes and the 
finU and finV systems present in the genome of a 
single cointegrative structure exert an additive in- 
hibitory effect, i.e., they interact. Why the finV 
and finU systems belonging to different plasmids 
in a complex fail to act in an additive manner is 
difficult to explain at the present time. 

FIN SYSTEMS AND TRANSPOSABLE 
GENETIC ELEMENTS 
Drawing on the reported evidence regarding the 
ability of transposable genetic elements (transpo- 
sons) to induce mutations, i.e., to act as mutagens, 
we tested transposons for their effects on fin sys- 
tems, taking into account the functional specificity 
of  these elements. The results, summarized in 
Table 1, show that incorporation of various trans- 
posons into the genomes of  F-like plasmids may 
result not only in derepression of the plasmids, 
because of the inactivation of their fin gene (plas- 
mids pAP10-2::Tn9 and pAP41::Tn9::TnI721), but 
also in their altered sensitivity to irthibitors of Tra 
functions [ 10,22]. 

Analysis of  restriction maps for the drd plas- 
mid pAP18-1 and its tmnsposon-containing analogs 
[24] strongly suggests that such alterations may be 
associated with certain genomic rearrangements in 
this plasmid, caused by the incorpora t ion  of  
transposons in its genome. Moreover, insertion of 
the Tn5 transposon into the EcoRI fragment f8 
(1.3 MD) of pAP18-1 led to the emergence of a 
new fragment, f4 (5.3 MD), and the insertion of 
Tn5 into the SalI fragment fl,  to the formation 
of two other fragments - t"2 (11.5 MD) and f4 (8.3 
MD). As regards Tn9, this transposon appears to 
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TABLE 4. Ability of rd Plasraids to Inhibit the Conjugational Transfer of F - l i k e  drd Plasrnids in Cells Serologicatly Typable 
and Those Not Typable by E. coli 

Compos i t ion  of d iplasmid transconjugates  Strain of host bacteria 

rd plasmid (type of drd plasmid (type Index of drd plasmid 
of sensitivity to designation serogroup transfer inhibition 

transfer inhibitor) transfer inhibitors) 

pAP3 
(u) 

pAPl8- -  1 

(x0 

pAPl  I -- 2::Tn5 
(op, u, v) 

AP70 -- 3 
AP132(K12) 

pAP53::Tn5 
(v) 

A P T 0 -  3 
AP132(K12) 

A P 1 5 -  3 
AP58 - 3 
O128 
R form 

AP15--  3 
AP58 - 3 
O128 
R form 

O106 
O14"7 
(88-3)x10 
(25~1)x100 

O106 
O147 
(12~0.g) xl00 
(43 • 3) x 100 

52~1 
(26• 

5 4 ~ 5  
(13--2)x10 

have been incorporated into the EcoRI fragment t"6 
(3 MD), which resulted in the emergence of two 
more fragments, f6 (2.6 MD) and t"8 (2 MD), 
while the only result from the incorporation of 
Tn9 into the Sail fragment fl  (15.8 MD) was an 
increase in the size of this fragment (to 17.4 MD). 
Restriction analysis of  pAP42::Tnl DNA revealed 
Tnl- induced structural changes in the genome of 
this plasmid, as compared with the DNA of the 
original plasmid pAP42. In particular, deletion of 
the HindlII fragment f7 (2 MD) present in the 
pAP42 DNA was detected, as was the appearance 
of  a new HindlII fragment, f3 (4.9 MD), which 
was not present on the DNA electrophoregram of  
the original pAP42 plasmid. 

Structural changes in DNA attributable to 
transposon insertions were also detected in the 
plasmids pAP22-2, pAP22-2::Tnl, and pAP22::Tn5. 
In particular, pAP22-2::Tnl was found to differ 
from the original plasmid pA22-2 only in having 
a new Sail fragment, f3 (9.0 MD); more signifi- 
cant differences were found for pAP22-2::Tn5. 

The above Findings demonstrate the possibility 
of  modifying plasmid transfer-regulating genetic 
systems by inserting transposable genetic elements 
into plasmid genomes. 

In light of  the results of  our experiments and 
the data reported in the literature, we may con- 
clude that the most complex level (or "story") in 
plasmid transfer regulation appears to be the one 
that involves the regulation of traJ-independent 
transfer and which is characterized by an extraor- 

dinary diversity of genetic structures determining 
the regulation. Suffice it to say that at least 10 fin 
genes are active at that level, but the actual num- 
ber of these gene systems may be even larger. 

The question arises, why are the genes involved 
in the regulation of plasmid transfer so diverse? The 
mutations identified in the finV system and the dis- 
covered ability of tmnsposons to bring about genomic 
rearrangements in plasmids affecting their fin sys- 
tems to the extent of inactivating them suggest that 
one explanation for the diversity of fin systems is 
their mutagenesis, whereby one fin system converts 
to another or fin systems arise de novo. Possibly, 
mutagenic factors inducing fin gene mutations under 
natural conditions are transposons. 

The demonstrated additive effects of  gene 
products which inhibit plasmid transfer and which 
are controlled by two finV systems (by two plas- 
mids) simultaneously indicate that these systems 
interact. However, the interaction between fin sys- 
tems of different types probably depends on the 
cis-trans position of these systems in the genomes 
containing them. If  plasmids are contained in a 
complex, then the burden of regulating the traJ- 
independent plasmid transfer is likely to fall on 
the fin system of one of the plasmids. If, on the 
other hand, two plasmids have formed a cointeg- 
rate, then their fin systems act  in an additive 
manner  even if they are distinct. 

Consideration of the better known examples of 
gene expression regulation in prokaryotes and eu- 
karyotes warrants the statement that neither of 
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these have been shown to possess a structural gene 
or a group of  such genes whose expression is regu- 
lated by  so many  regulatory genes as in the case 
of  plasmid tra genes. Recognit ion of  this fact in- 
evitably leads to the conclusion that the complex- 
ity o f  the regulation o f  expression of  genes con-  
trolling particular traits does not  depend on the 
level o f  organization of  the organisms to which the 
genes belong. However,  no satisfactory explanation 
can be offered for this phenomenon  as yet. 

REFERENCES 
1. A. M. Boronin, Usp. Mikrobiol., N O _ 18, 143-163 (1983). 
2. N. I. Buyanova, V. P. Shchipkov, and A. P. Pekhov, Byull. 

Elcsp. Biol. Med., 94, No- 8, 92-95 (1982). 
3. N. I. Buyanova, V. P. Shchipkov, and A. P. Pekhov, Byull. 

Elcsp. BioL Med., 96, N- o 8, 76-77 (1983). 
4. N. I. Buyanova, V. P. Shchipkov, K. S. Krivskaya, and 

A. P. Pekhov, Byull. Etcsp. Biol. Med., 110, J~_ 9, 298- 
301 (1990). 

�9 5. N. I. Buyanova, V. P. Shchipkov, and A~ P. Pek_hov, Byull. 
Egsp. Biol. Med., 116, No- 9, 306-307 (1993). 

6. E. V. Gfishina, V. P. Shchipkov, and A. P. Pekhov, Byull. 
Egsp. Biol. Med., 115, No_ 6, 655-656 (1993). 

7. I. V. Domaradskii, Molek. Genetika, NO_ 6, 3-9 (1987). 
8. D. G. Kudlai, Extrachromosomal Factors of Heredity in 

Bacteria and Their Importance in Infectious Diseases [in 
Russian], Moscow (1977). 

9. D. E. Kulumbetova, V. P. Shchipkov, and A. P. Pekhov, 
Byull. Eksp. BioL Med., 110, NO- 8, 192-194 (1990). 

10. L. V. Maksimenko, V. P. Shchipkov, and A. P. Pekhov, 
Molek. Genetika, N ~ _ 9, 43-46 (1986). 

11. L. V. Maksimertko and A. P. PelOaov, Byull. Eksp. Biol. 
Med., 114, No_8, 196-198 (1992). 

12. L. V. Maksimenko and A. P. Pek_hov, 1bid, 199-201. 
13. G. I. Myandina, V. P. Shchipkov, and A. P. Pekhov, 

gyull. Eksp. Biol. Med., 116, No 9, 304-306 (1993). 
14. A. P. Pekhov, V. P. Shchipkov, T. Arai, and T. Ando, 

Zh. Mikrobiol., No_ 9, 45-52 (1979). 
15. A. P. Pekhov, V. P. Shchipkov, N. I. Shchipkova, and 

N. A. Drobysheva, Antibiotiki, No- 6, 433-437 (1980). 
16. A. P. Pekhov, Bacterial Plasmids [in Russian], Moscow 

(1986). 

17. A. P. Peldaov and V. P. Shchipkov, Molek. Genetika, No_ 
10, 3-13 (1986). 

18. S. L. Sokolova, V. P. Shchipkov, O. B. Gigani, et al., 
Byull. Eksp. Biol. Med., 115, No 2, 187-190 (1993). 

19. V. P. Shchipkov, in: Extrachromosomal Genetic Elements: 
Scientific and Practical Significance [in Russian], Moscow 
(1981), pp. 150-152. 

20. V. P. Shchipkov, N. I. Buyanova, G. I. Myandina, and 
A. P. Pekhov, Byull. Elcsp. Biol. Med., 100, No 8, 226- 
227 (1985). 

21. V. P. Shchipkov, N. I. Buyanova, and A. P. Pekhov, 
Antibiot. Med. Biotekhnol., NO_ 1, 28-31 (1986). 

22. V. P. Shchipkov, N. I. Buyanova, and A. P. Pekhov, 
Byull. Eksp. Biol. Med., 102, No 10, 459-461 (1986). 

23. V. P. Shchipkov, N. I. Buyanova, L. V. Maksimenko, and 
A. P. Pekhov, Byull. glcsp. Biol. Med., 104, N ~ _ 8, 212- 
215 (1987). 

24. V. P. Shchipkov, N. I. Buyanova, E. V. Shcherbakova, 
and A. P. Pekhov, Byull. Eksp. Biol. Med., 105, N ~ _ 2, 
191-194 (1988). 

2 5 . E . S .  Anderson, Ann. Rev. Microbiol., 22, 131-180 
(1968). 

26. L. Beutin and M. Achtman, Y. Bacteriol., 139, 730-737 
(1979). 

27. M. Cuozzo and P. M. Silverrnan, Jr. Biol. Chem., 261, 
5175-5179 (1986). 

28. D. Gaffney, R. Sk-urray, and N. WiIletts, J. Molec. BioL, 
168, 103-122 (1983). 

29. M. J. Gasson and N. S. Willetts, J. BacterioL, 122, 518- 
525 (1975). 

30. M. J. Gasson and N. S. Willetts, J. BacterioL, 131, 413- 
420 (1977). 

31. L. M. Ham, D. Cram, and R. Skurray, Plasmid, 21, 1- 
8 (1989). 

32. K. Ippen-Ihler and S. Maneewarmak-ul, in: Microbial Cell- 
Cell Interactions, Washington (1991), pp. 35-69. 

33. G. A. Jacoby, in: Bacteriological Treatise on Structure and 
Function, Vol. 10, New York (1986), pp. 265-293. 

34. S. Maneewannakul, K. Maneewarmakul, and K. Ippen- 
Ihler, J. Bacteriol., 174, 5567-5574 (1992). 

35. H. R. Smith, S. M. Scotland, and B. Rowe, lnfect. 
Immun., 40, 1236-1239 (1983). 

36. N. S. Willetts and R. Skurray, Ann. Rev. Genet., 14, 41- 
76 (1980). 

37. N. S. Willetts and R. Skurray, Escherichia coli and Sal- 
monella typhimurium: Cellular and Molecular Biology, Vol. 
2, Washington (1987), pp. 1110-1133. 


