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Summary. Insertion of the erythromycin resistance transpo- 
son Tn551 into a single site of the Staphylococcus aureus 
chromosome resulted in decreased production of alpha- 
toxin, serine and metallo-proteinases and several other ex- 
tracellular proteins and a simultaneous increase in the pro- 
duction of protein A. The site of insertion, designated exp, 
was separate from the structural gene for alpha-toxin and 
protein A. Hybridization analysis showed that the effect 
of the insertional mutation on the expression of the alpha- 
toxin and protein A was at the level of transcription. The 
chromosomal DNA flanking the transposon and the corre- 
sponding DNA of the wild-type strain was cloned in 
Escherichia coli. Northern blot hybridization experiments 
revealed that the exp locus codes for a major RNA of ap- 
proximately 3.5 kb. This RNA was not found in the inser- 
tional mutant nor in a spontaneous exp mutant. A map 
of the exp locus constructed by Northern blot and restric- 
tion enzyme analysis showed that the insertional mutation 
was located in the middle of the coding sequence of the 
3.5 kb RNA. The insertional mutant was reverted to wild 
type by inserting a recombinant plasmid containing most 
of the coding sequence of the 3.5 kb RNA. 
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Introduction 

Staphylococcus aureus produces a large number of extracel- 
lular proteins which altogether constitute up to 30% of 
the total protein synthesis (Abbas-Ali and Coleman 1977). 
Many of the extracellular proteins are toxic to man and 
animals and are important virulence factors (Smith 1979). 
Coordinate control of exoprotein synthesis has been sug- 
gested on the basis of the observation that the production 
is strictly synchronized and appears mainly during the post- 
exponential or stationary phase of growth (Abbas-Ali and 
Coleman 1977; Coleman and Abbas-Ali 1977). Moreover, 
mutants have been isolated in which the production of sev- 
eral exoproteins is affected, suggesting a common regula- 
tion of exoproteins (Coleman 1981 ; Yoshikawa et al. 1974; 
Bj6rklind and Arvidson 1980). 

One class of pleiotropic mutants ( E x p )  with a de- 
creased production of alpha-toxin, serine proteinase, me- 
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tallo-proteinase, staphylokinase, nuclease and acid phos- 
phatase, and a simultaneous increase in the production of 
protein A and coagulase has been isolated in our laboratory 
from continuous cultures of S. aureus V8 (Bj6rklind and 
Arvidson 1980). Analysis of specific exoprotein mRNAs 
in one exp mutant (K68: 12-1) revealed that the regulation 
of exoprotein gene expression exerted by exp was at the 
level of transcription (Janzon etal.  1986). A mutant 
(RN4256) with almost the same phenotype as the exp mu- 
tants has recently been described by Recsei et al. (1986). 
In this strain of S. aureus the erythromycin resistance trans- 
poson Tn551 has been inserted in the chromosome at a 
site which maps between purB and ilv. Results have been 
presented which indicate that the transposon has inacti- 
vated a trans-active element exerting positive control on 
the transcription of the alpha-toxin and toxic shock syn- 
drome toxin (TSST-1) genes. This element has been desig- 
nated agr for accessory gene regulator. 

To study further the nature of the regulatory mechanism 
of exp and to clone this element, mutants with a typical 
Exp-  phenotype were constructed using the transposable 
element Tn551 which can insert into various sites of the 
staphylococcal chromosome (Novick et al. 1979 b); Pattee 
1981). Using an internal Tn551 fragment as a probe in 
Southern blot hybridization experiments, the chromosomal 
DNA fragments flanking an insertion of Tn551 in exp were 
cloned and the extent of the exp locus determined. 

Materials and methods 

Bacterial strains and plasmids. S. aureus strains and plas- 
raids, their characteristics and origin, are listed in Table 1. 
Escherichia coli HB101 (Boyer and Roulland-Dussoix 1969) 
was used as a host in cloning experiments, pBR322 (Bolivar 
et al. 1977) and pSP64 (Melton et al. 1984) were used as 
E. coli cloning vectors. 

Cultivation and exoprotein assays. Cultivation of S. aureus 
for determination of exoprotein production was done in 
Brain Heart Infusion (BHI, Difco) as described by Janzon 
et al, (1986). 

Cell-bound protein A was determined by rocket immu- 
noelectrophoresis of bacterial lysates (Janzon et al. 1986). 
Assays of staphylococcal serine proteinase and metallo-pro- 
teinase were also made by rocket immunoelectrophoresis 
as described earlier (Bj6rklind and Arvidson 1980). Produc- 
tion of alpha-toxin and proteinase was screened on agar 
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Table 1. Bacterial strains, their characteristics and origin 

Strain of Relevant characteristics Origin 
Staphylococcus aureus 

V8 
K68 : 12-1 
8325-4 
SA113 
RN2906 

RN4256 
RN4t 02 
WA205 
WA250 
WA251 

Wild type; Exp +, Em ~ 
Spontaneous exp mutant from strain V8. 
NCTC 8325 cured from phages, Exp ÷ phenotype 
Restriction-deficient mutant of NCTC 8325 
8325 harbouring pRN3208 which is a temperature-sensitive derivative 
of plasmid pi258 (repA36) which contains Tn551 
RN4282 with Tn551 inserted into agr. Exp- phenotype 
Contains pRN4t 02, a derivative of pT181 with an EcoRI site 
V8 with Tn55! inserted into exp. Exp-, Em r 
8325-4 with Tn551 inserted into exp. Exp Em r 
WA250 which has regained the Exp + phenotype by recombination 
with pEX42 

Bj6rklind and Arvidson (1980) 
Bj6rklind and Arvidson (1980) 
Novick (1967) 
Iordanescu (i 975) 
Novick (1974) 

Recsei et al. (1986) 
Supplied by R.P. Novick 
This study 
This study 
This study 

plates as previously described (Bj6rklind and Arvidson 
1980). 

Preparation of  DNA and RNA.  Chromosomal  S. aureus 
D N A  was prepared by the method described by L6fdahl 
et al. (1983). Plasmid D N A  from S. aureus was extracted 
by a modified alkaline method (Hattori and Sakai 1986). 
The boiling lysate method was used for E. coli plasmids 
(Barnes 1977). Total R N A  from S. aureus was prepared 
as previously described (Janzon et al. 1986). 

Hybridization. Colony hybridization was performed as de- 
scribed by Grunstein and Hogness (1975) and Southern 
blot hybridization as modified by Botchan et al. (1976). 
After hybridizaton, filters were washed twice in 0.2 x SSC 
or 2 x  SSC at 65°C for 1 h. A 609 bp Sau3AI fragment 
of  plasmid pSPA1 (L6fdahl et al. 1983) within the structural 
gene for protein A and a 722 bp ClaI fragment from the 
alpha-toxin gene (Kehoe et al. 1983) were used as probes. 
D N A  probes were labelled with [0~-32P]dATP by nick trans- 
lation (Meinkoth and Wahl 1984). D N A / R N A  hybridiza- 
tion was done as described previously (Janzon et al. 1986). 

Transformation and transduction. S. aureus protoplasts were 
transformed in the presence of  polyethylene glycol (PEG) 
as described by Lindberg (1981). Transformants were se- 
lected on DM3 agar containing 5 ~tg/ml tetracycline. Trans- 
duction to S. aureus strains was carried out using phage 
80c~. Selection was on nutrient agar plates containing 5 gg/ 
ml erythromycin. 

Results 

Insertional inactivation o f  the exp gene by Tn551 

The temperature-sensitive plasmid pRN3208 containing the 
transposon Tn551 was transduced from RN2906 to strain 
V8, using phage 80e. Erythromycin-resistant colonies were 
selected at 43°C  as described by Berger-B/ichi (1983). 
About  2000 colonies were transferred to penicillin agar 
plates by replica plating. Approximately two-thirds of  the 
colonies were penicillin sensitive, indicating that they did 
not contain the plasmid pRN3208, but were erythromycin 
resistant due to the integration of  Tn551 into the chromo- 
some. Three of  these colonies did not show a zone of  pro- 
teolysis on casein agar. Analysis by rocket immunoelectro- 
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Fig. l. Revised restriction map of one half of Tn551. Parts of Tn55I 
from p1258 were subcloned in Escherichia coli and the sites for 
various restriction enzymes were determined. The positions of the 
BglII (Bg) sites were revised from earlier publications (Novick et al. 
1979a; Khan and Novick 1980). The ClaI (C) site 29 bp from 
the end is the TaqI site found by Khan and Novick (1980). H, 
HindII! site. The zero coordinate indicates the junction between 
Tn551 and the sequence of pi258 in which it was originally found. 
This coordinate was referred to as the right end of the transposon 
by Khan and Novick (1980) 

phoresis revealed that they had lost both the serine protein- 
ase and the metallo-proteinase. All three strains were also 
negative for alpha-toxin and had an increased production 
of  protein A as compared with the wild-type strain. This 
pleiotropic change in exoprotein production is typical of  
exp mutants (Bj6rklind and Arvidson 1980), and indicated 
that Tn551 had integrated in, or next to, the exp locus. 
F rom one of  these mutants, designated WA205, the inser- 
tional mutation was transferred to strain 8325-4 by trans- 
duction with phage 80e. More than 90% of  the erythromy- 
cin-resistant transductants had the E x p -  phenotype, indi- 
cating that Tn551 was closely coupled to the exp locus. 
One transductant, designated W A  250, was chosen for fur- 
ther experiments. 

In order to ensure that Tn551 had integrated into a 
single site of  the WA250 chromosome, this strain was ana- 
lysed by Southern blot hybridization. Genomic D N A  was 
digested with EcoRI, and hybridized with a subcloned 
1.9 kb BglII fragment from Tn551 (Fig. 1). Since Tn551 
contains no EcoRI site, only one band hybridizing with 
this probe would be expected. A single EcoRI fragment 
of  approximately 20 kb was demonstrated (Fig. 2) confirm- 
ing that the E x p -  phenotype of  WA250 was due to the 
integration of  Tn551 at a single site in the chromosome. 
Southern blot analysis of  WA250 D N A  was also carried 
out using internal fragments of  the alpha-toxin (hla) and 
protein A (spa) genes as probes. Since these probes hybrid- 
ized with EcoRI fragments of  approximately 5.5 and 5.1 kb, 
respectively, it was concluded that the exp locus is separate 
from these genes (data not shown). 

Northern blot analysis of  WA250 demonstrated that 
the transcription of  protein A and alpha-toxin was in- 
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Fig. 2. Southern blot analysis of genomic DNA from A, 8325-4 
and B, WA250 digested with EcoRI. A subcloned 1.9 kb BglII 
fragment inside Tn551 was used as a probe. After hybridization, 
filters were washed in 2 x SSC at 65 ° C 

Fig. 3. Southern blot analysis of Bg/II-digested WA250 DNA using 
a subcloned 2.0 kb ClaI internal Tn551 fragment (A), and a 1.9 kb 
BglII internal Tn551 fragment (B), as probes 

fluenced by the insertional mutation. An increase in protein 
A mRNA and a decrease in alpha-toxin mRNA was ob- 
served (data not shown). This is in accordance with earlier 
results with a spontaneous exp mutant (Janzon et al. 1986). 

Molecular cloning of the exp region 

Attempts to clone the EcoRI fragment of the WA250 chro- 
mosome containing Tn551 with both plasmid and phage 
vectors were unsuccessful. In order to find a smaller DNA 
fragment containing Tn551, or part of it, chromosomal 
DNA from WA250 was digested with several different re- 
striction enzymes and analysed by Southern blot hybridiza- 
tion using the specific Tn551 probe. Most useful enzymes 
lacking sites within Tn551 turned out to give very large 
restriction fragments which we failed to clone. For this rea- 
son attempts were made to clone a DNA fragment contain- 
ing only one end of Tn551 plus the adjacent DNA from 
the WA250 chromosome. 

Digestion of WA250 DNA with BglII, which has a site 
at position 770 in Tn551, gave two DNA fragments of 4.6 
and 1.9 kb, respectively, which hybridized with a subcloned 
ClaI fragment (position 29 to 2050) of Tn551 (Fig. 3). The 
1.9 kb fragment is the internal BgIII fragment of Tn551 
(Fig. 1) while the 4.6 kb fragment consists of 770 bp from 
Tn551 plus approximately 3.8 kb of the adjacent chromo- 
somal DNA. 

A BglII digest of WA250 DNA was ligated to BamHI- 
digested pSP64 and transformed into E. coli HB101. Trans- 
formants were screened by colony hybridization using a 
ClaI BglII fragment from map position 29 770 of Tn551 
as a probe. This probe will not pick up the internal 1.9 kb 
BglII fragment of Tn551. Several transformants which hy- 
bridized with this probe were obtained. Restriction map- 
ping of plasmid DNA from one of the transformants re- 
vealed the presence of a 4.5 kb insert, consisting of 
770 bases from Tn551 plus 3,800 bases of chromosomal 
DNA (Fig. 4A). This plasmid was designated pEXO. 

C B C B C 
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kb 0 2 4 6 8 

Fig. 4A-C. Restriction map of the DNA cloned in (A) pEXO (B) 
pEX4 and (C) the combined sequences including Tn551 as it would 
appear in WA250. Single lines represent chromosomal DNA, open 
bat's represent pSP64 and the filled bars represent Tn551 DNA. 
The wavy line indicates the tentative extent of the exp gene. Restric- 
tion site designations are: Ba, BamHI; Bg, BglII; C, ClaI; E, 
EcoRl; H, HindIII; P PstI; C*, a ClaI site which is methylated 
in Escherichia coli 

Since pEXO only contains sequences from one side of 
the insert, additional cloning was probably needed in order 
to obtain the entire gene. Southern blot analysis of WA250 
DNA had revealed a PstI fragment of approximately 12 kb 
containing Tn551. The corresponding PstI fragment in the 
wild-type strain 8325-4, lacking Tn551, should contain the 
chromosomal sequences from both sides of the insert. The 
combined sequences of pEXO and the PstI fragment would 
probably cover the whole exp region. 

A PstI digest of 8325-4 DNA was ligated to PstI-di- 
gested pSP64 and transformed into E. coli HB101. Trans- 
formants were screened by colony hybridization using a 
1.8 kb PstI-ClaI fragment of pEXO as a probe (Fig. 4A). 
A plasmid, pEX4, containing a 7 kb insert which hybridized 
to the probe was isolated (Fig. 4B). From the combined 
restriction analysis of pEXO and pEX4, a restriction map 
of the DNA flanking Tn551 in WA250 could be constructed 
(Fig. 4C). 

Identification of the RNAs transcribed from the exp region 

In order to determine the approximate size of the exp gene, 
the RNAs encoded by the cloned DNA were analysed. A 
Northern blot of the total RNA from the wild-type strains 
8325-4 and V8, and the corresponding exp mutants, WA250 
and K68:12-1, was hybridized with the 1.8 kb Pst~ClaI 
fragment from pEXO. As shown in Fig. 5A, this DNA 
probe hybridized with one major RNA of approximately 
3.5 kb in both wild-type strains. Minor hybridization sig- 
nals were also demonstrated with RNAs of approximately 
2.5 and 1.4 kb. No hybridization was observed with RNA 
from the exp mutants indicating that the Exp- phenotype 
is correlated with the reduced levels of these RNAs. The 
fact that the same RNAs were missing in both the spontane- 
ous exp mutant and the insertional mutant also confirmed 
that Tn551 had inactivated the exp locus and that the 
cloned DNA was indeed a part of this locus. Whether the 
smaller RNAs are degradation products of the larger RNA 
or if they are separate RNAs is not yet known. 

To determine the region of DNA spanned by the 3.5 kb 
RNA, DNA fragments to the left of the 1.8 kb Pstl-ClaI 
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Fig. 5. A Northern blot analysis of whole cell RNA from Staphylo- 
coccus aureus 8325-4 (lane t), WA250 (lane 2), V8,(tane 3) and 
K68:I2-1 (lane 4). The 1.8 kb PstI ClaI fragment from pEXO 
was used as probe. B RNA from S. aureus 8325-4 Was hybridized 
with the 0.9 kb ClaI-PstI fragment (lane 1) and the 1.2 kb PstI- 
ClaI fragment (lane 2) from pEXO. The positions of the ribosomal 
RNAs, as indicated by arrows, were determined by ethidium bro- 
mide staining of a parallel strip of the gel 

fragment of pEXO were used as probes in Northern blot 
hybridization experiments (Fig. 5B). The 0.9 kb ClaI-PstI 
fragment but not the 1.2 kb PstI-ClaI fragment generated 
a weak hybridization signal with the 3.5 kb RNA indicating 
that this RNA spans from a site somewhere within the 
0.9 kb ClaI-PstI fragment of pEXO. This means that the 
Tn551 insertion is located almost in the middle of the exp 
gene. 

Since the agr mutation in strain RN4256 described by 
Recsei etal. (1986) showed a typical Exp- phenotype, 
Northern blot analysis was carried out as described above. 
The same transcripts as in strains 8325-4 and V8 appeared 
in the wild-type strain of RN4256 and were missing in the 
mutant (data not shown). This means that agr and exp 
are probably identical. 

Reversion of  the exp mutation by recombination with the 
cloned DNA 

On the basis of the Northern blot analysis described above, 
plasmid pEX5 which should contain the entire exp gene 
was constructed as described in Fig. 6. To enable pEX5 
to be transferred to S. aureus strains it was inserted in the 
EcoRI site of pRN4102 to yield pEX52, which was isolated 
in E. coli HBI01. The restriction-deficient mutant, S. aureus 
SA113, was used as a primary recipient when plasmids from 
E. eoli were used to transform S. aureus. The transforma- 
tion frequency was generally very low and varied between 
10 and 200 transformants per gg of DNA. pEX52 was 
transformed into S. aureus SA113 yielding about 50 tetracy- 
cline-resistant transformants. However, only deleted deriva- 
tives of pEX52 were recovered, indicating that a plasmid 
carrying the entire exp gene cannot be maintained in S. 
aureus. This was supported by the fact that plasmid pEX42 
which lacks 100-800 bp at the left end of the exp gene 
was stable in S. aureus SA113. pEX42 was constructed by 
inserting pEX41 (Fig. 6) into the EcoRI site of pRN4102, 
pEX42 was isolated from strain SA113 and used to trans- 
form the insertional mutant WA250. About 5 x 103 tetracy- 
cline-resistant transformants were obtained per ~tg of DNA. 
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Fig. 6. Schematic presentation of the construction of plasmids 
pEX4t and pEX5. Single lines represent Staphylococcus aureus 
chromosomal DNA, open bars pSP64 and filled bars Tn551 DNA. 
Restriction sites: A, AccI; Ba, BamHI; Bg, BglII; C, ClaI; E, 
EcoRI; H, HindIII; P, PstI 

C E PH 

j 1. Digest with Pstl + Clal 
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One hundred colonies which were streaked on casein agar 
plates had a small zone of proteolysis around the streaks, 
while the recipient strain WA250 was completely negative. 
Isolation of single colonies from streaks with the largest 
zones revealed that only about 0.05% of the colonies were 
proteinase positive giving zones of approximately the same 
size as the wild-type strain 8325-4. Proteinase-positive colo- 
nies had also regained alpha-toxin production and had lost 
the ability to produce protein A. Furthermore, one isolate, 
which was tested by Northern blot hybridization with the 
1.8 kb PstI ClaI fragment from pEXO as a probe, had re- 
gained the ability to produce the 3.5 kb RNA which was 
absent in WA250 (data not shown), indicating a complete 
recovery of the Exp ÷ phenotype. All revertants were still 
erythromycin resistant indicating the presence of Tn551. 

These results suggested that the exp gene had been res- 
tored by recombination between pEX42 and the WA250 
chromosome, most likely by "Campbell-like" integration 
of the plasmid on either side of Tn551. To analyse this, 
chromosomal DNA from WA250 and one of the revertants, 
designated WA251, was digested by BglII and EcoRI and 
hybridized with the 0.9 kb ClaI-PstI fragment from pEXO. 
Since this fragment is not present in plasmid pEX42, it 
will only hybridize with chromosomal fragments. It can 
be predicted that digestion of WA250 chromosomal DNA 
with BglII and EcoRI would give a 4.6 kb BglII fragment 
hybridizing with the 0.9 kb probe. The same fragment 
would also appear if pEX42 had integrated to the right 
of Tn551. However, integration to the left of Tn551 would 
create a BgllI -EcoRI fragment of 7.3 kb as indicated in 
Fig. 7A. As shown in Fig. 7B, the predicted 7.3 kb BglII 
EcoRI fragment was present in WA251 indicating that 
pEX42 had integrated at the left end of Tn551, thereby 
restoring a complete exp gene. These results also confirmed 
that the exp gene must extend into the 0.9 kb ClaI-PstI 
fragment, approximately 1.8 kb to the left of the insertion 
of Tn551. 

Discussion 

Insertion of the erythromycin-resistant transposon Tn551 
into a single site of the S. aureus chromosome resulted in 
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Fig. 7. A The integration of pEX42 into the 
chromosome of Staphylococcus aureus strain 
WA250. Single lines represents pT181, open 
bars chromosomal DNA, hatched bars pSP64 
and filled bars Tn551 DNA. Restriction sites: 
A, AccI; B, BglIl; C, ClaI; E, EcoRI; P, PstI; 
C*, a ClaI site which is methylated in 
Escherichia coli. B Southern blot analysis. 
Chromosomal DNA from S. aureus WA250 
(lane 1) and WA251 (lane 2) and DNA of 
plasmid pEX42 (lane 3) was double digested 
with BglII and EcoRI. The 0.9 kb ClaI-PstI 
fragment from pEXO was used as a probe 

a depressed production of  several extracellular proteins in- 
cluding alpha-toxin, proteinases and nuclease and a simul- 
taneous increase in the product ion of  protein A and coagu- 
lase. The fact that the site of  insertion was separate from 
the protein A gene (spa) and the alpha-haemolysin gene 
(hla) suggests that Tn551 had inactivated a trans-active con- 
trol element, acting both as a repressor and an activator. 

Using this insertional mutant,  we cloned the chromo- 
somal D N A  flanking the transposon and the corresponding 
D N A  from the wild type. This D N A  was shown to code 
for one major R N A  of  approximately 3.5 kb which was 
not detected in the mutant  strain, indicating that this RNA,  
or its product(s), is the regulator of  exoprotein gene expres- 
sion. Since Tn551 was found to be located somewhere be- 
tween 1800 and 2600 bp from one end of  the gene, it seems 
unlikely that this would interfere with transcription. We 
therefore suggest that the presence of  the transposon in 
the middle of  the gene results in the production of  very 
unstable transcripts. 

Spontaneous mutants of  S. aureus with the same pheno- 
type as that of  the insertional mutant  have previously been 
isolated in our laboratory and were designated Exp 
(Bj6rklind and Arvidson 1980; Janzon et al. 1986). Since 
both kinds of  mutants had a reduced amount  of  the 3.5 kb 
RNA,  it was concluded that the insertional mutat ion was 
located in the exp gene. 

The agr mutant,  RN4256, described by Recsei et al. 
(1986), was shown to have a reduced level of  the 3.5 kb 
R N A  as compared with the wild-type strain, indicating that 
agr is identical to exp. Taking together the present knowl- 
edge of  exp (agr) (Bj6rklind and Arvidson 1980; Janzon 
et al. 1986; Recsei et al. 1986), it can thus be concluded 
that exp probably codes for a trans-active element which 
regulates the expression of  at least 12 different exoproteins 
including alpha-, beta- and delta-toxin, TSST-I,  staphylo- 
kinase, nuclease, serine proteinase, metallo-proteinase, acid 
phosphatase, leucocidin (our laboratory, unpublished), pro- 
tein A and coagulase. In the case o f  alpha-toxin, TSST-1 
and protein A, it has been shown that the regulation is 
probably at the level of  transcription (Janzon et al. 1986, 
Recsei et al. 1986). 

F rom the results of  restriction enzyme mapping and 
the D N A / R N A  hybridization experiments represented in 
Fig. 5, a preliminary map of  the exp region was constructed 
(Fig. 4C). Based on this map, a plasmid (pEX52) was con- 
structed which was considered to contain the entire exp 
gene and which should therefore be able to restore the wild- 
type properties of  different exp mutants. Unfortunately,  we 

were not able to establish this plasmid in S. aureus. The 
reason for this could be that overproduction of  the gene 
product,  due to the use of  a multi-copy plasmid, is toxic 
to the bacteria. In this respect, it is interesting to note that 
agr (= exp) also seems to be involved in the regulation of  
several intracellular proteins (Recsei et al. 1986). 

Another  plasmid, pEX42, containing most of  the coding 
sequence of  the 3.5 kb RNA,  but lacking 100-800 bases 
from the left of  the exp gene was however stable in S. 
aureus. This plasmid could reconstitute a functional exp 
gene by integration into the chromosome of  the insertional 
mutant  WA250. This result confirms that we had cloned 
the exoprotein regulating gene exp, and that the map of  
the gene as shown in Fig. 4C can be used as a basis for 
further studies aiming at the identification of  the final gene 
product  and its role in exoprotein regulation. 
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