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The essential cell division genesftsQ and ftsA overlap by 1 bp (A. C. Robinson, D. J. Kenan, G. F. Hatfull,
N. F. Sullivan, R. Spiegelberg, and W. D. Donachie. J. Bacteriol. 160:546-555, 1984; Q.-M. Yi, S.
Rockenbach, J. E. Ward, and J. F. Lutkenhaus. J. Mol. Biol. 184:399-412, 1985). We have previously shown
thatftsA can be expressed from a weak promoter located within theftsQ gene (Robinson et al., J. Bacteriol.
160:546-555, 1984). We report here the effects onftsA expression of a series of deletions withinftsQ. We find
that two regions upstream of the promoter are important in its expression. When both are present, ftsA is
expressed, as is also the case when both are absent. The two regulatory elements (01 and 02) have 9-bp
sequences, of which 8 bp are identical.

Figure 1 shows plasmid pSZ24, which carries the 2.3-kb
EcoRI chromosome fragment containing the ftsQ and ftsA
coding sequences (together with a few bases from the
upstream ddl and the downstream ftsZ sequences). This
plasmid expresses ftsA but not ftsQ, as previously reported
for similar constructs (5, 10).

Sequential, controlled degradation (1) of the 5'-terminal
end of the 'ddlftsQftsAftsZ' insert was used to produce the
set of deletions shown in Fig. 2 and 3. Double digestion with
XbaI and SphI was used to release a 14-bp fragment from the
vector and create a suitable substrate for exonuclease III
digestion. Exonuclease III acts solely on termini with re-
cessed 3' ends, and the nuclease therefore degraded the
vector only from the XbaI end. The extent of the deletions
was controlled by varying either the nuclease concentration
or the reaction time. The long 5'-terminal extensions were

removed with mung bean nuclease, any remaining overhangs
were filled in with DNA polymerase I in the presence of all
four deoxynucleoside triphosphates, and the molecules were
finally religated on themselves. The end points of the dele-
tions were determined by dideoxy sequencing (7).
pSZ24 and its deletion derivatives were transformed into

TOE13 lftsAJ3(Ts)] grown with ampicillin at 30°C, and single
colonies were tested for the ability to form colonies on plates
at 30 and 42°C. At 42°C, TOE13 cells grow as long, aseptate
filaments and are unable to form colonies. TOE13(pSZ24)
cells divide and form colonies normally at 42°C.

Deletions of up to 13 bp from the EcoRI site at the 5' end
of the insert had no effect onftsA expression, but deletion of
16 bp inactivated the ftsA gene, which is located more than
800 bp downstream. Deletions of increasing length, up to 244
bp, were alike in showing no expression offtsA. However,
longer deletions, from 251 bp up to as much as 419 bp,
caused the reactivation offtsA expression (Fig. 2).
Because a deletion of all of the cloned DNA up to bp 419

did not preventftsA expression, a promoter must be located
between bp 419 and the beginning of the ftsA gene (Fig. 3).
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Deletion of 245 bp between the NruI (bp 548) and Narl (bp
793) sites did not affectftsA expression, but deletion of 111
bp between the AccI (bp 437) and NruI sites prevented ftsA
expression. This latter deletion includes an inverted repeat
which is similar to a sequence at a promoter consensus
sequence (4) (PZ3) within the ftsA gene (5). The promoter
near PZ3 is much stronger than that (PA) within ftsQ (5), and
therefore its much closer resemblance to the consensus
might be expected (Fig. 4). The inverted repeat also suggests
the possibility ofcommon regulation of these two promoters.
The possibility remains, however, that the weak promoter in
ftsQ is elsewhere within or overlapping this deletion.

The deletion analysis also identifies two upstream regions
which are important for transcription. The first overlaps the
sequence between bp 13 and 16 within the ddl gene. Disrup-
tion of this sequence inactivates expression of ftsA. The
second overlaps the sequence between bp 244 and 251 within
the ftsQ gene. Disruption of this sequence restores ftsA
expression in the absence of the first regulatory sequence.
Examination of the base sequence in these two regions (01
and 02) shows that they have 8 of 9 bp identical in inverted
repeat.
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FIG. 1. pSZ24, showing the locations of the cloned 2.3-kb chro-
mosomal fragment (fts, heavy bar) within the lacZ open reading
frame of pTZ18R (Pharmacia). Q, ftsQ; A, ftsA; E, EcoRI; B,
BamHI; S, Sall; X, XbaI. PT7 is a phage T7 promoter; orif, is the
phage M13 replication origin; Apr is the P-lactamase gene.
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G4TTCTGGAAC4SGC4ACTATATGTCGCAGGCTGCTCTGAACACGC4AAC AGCGAAGAAGAGGTTTCTTCTCGCCGCAA{ATGGAACGCGTCTGG 100
ArgI 1 eLeuGl uLeuAl aAspEnd

MetSerGl nAl aAl aLeuAsnTlhrArgAsnSerGl uGl uGl uVal SerSerArgArgAsnAsnGlyThrArgLeu
Ba nHI °1

CGGG GTCCTTTTCC TCTGACCGrTTTTACGACAGTGTTGGTGAGCGGCTGGGTCGTGTTGGGCTGGATGGAAGATGCGCAACGCCTGCCGCTCTCAAA 200
Al aGlyIy eLeuPheLeuLeuThrYal LeuThrThrYal LeuVal SerGlyTrpVal Val LeuGlyTrpI4etGl uAspAl aGi nArgLeuProLeuSerLys

GCTG ;GTTACT i CATTCAACGTAAFGA GATOGClGGGiC;GAGGAGCCGGGTACC TATGA6CCAGGATGT6 300TTGACCG ___C__GACCG
Leu 1aLeuThrGlyGluArgH sTyrThrArgAsnAspAspIleArgGlnSerIleLeuAl euGlyGluProGlyTh heMetThrGlnAspVal

AACATCATCCAGACGCAAATA*ACAACGCCTGCCGTGGATTAAGCAGGTGAGCGTCAGAAGCAG1GE TGATGAATTAG TTCATCTITTGAAT 400
AsnIleIleGlnThrGlnIleGluGlnArgLeuProTrpIleLysGlnValSerValArgLysGln rpProAspGluLeuLysIleHisLeuValGlu

Ac I
ATGTGCCGATTGCGCGGT AATGATCMCATATGG1 AGACGCGGAAGGAAATACCTTCAE?GCCGCCAGAACGCA1AGCAAGCAtGTGCTTCCAAT 500
TyrValPro l eAl aArgTrpAsnAspGlnHi sMetValAspAlaGluGlyAsnThrPheSerValProProGluArgThrSerLysGl nValLeuProMet

Nrp I
GCTGTATGGCCCGGAAGGCAGCGCCAATGAAGTGTTGCAGGGCTATC*GAMTGGGGCAGATGCTGGCAAAGGACAGATTTACTCTGAAGGAAGCGGCG 600
LeuTyrGlyProGl uGlySerAl aAsnGl uVal LeuGI nGlyTyrArgGluMetGlyGl nletLeuAl aLysAsiArgPheThrLeuLysGl uA1 aAl

ATGACCGCGCGGCGTTCCTGGCAGTTGACGCTGAATAACGATATTAAGCTCAATCTTGGCCGGGGCGATACGATGAAACGTTTGGCTCGCTTTGTAGAAC 700
MetThrAl aArgArgSerTrpGl nLeuThrLeuAsnAsnAsplleLysLeuAsnLeuGlyArgGlyAspThrMetLysArgLeuAl aArgPheValGlu

N!I
TTTATCCGG'TTTTACAGCAGCAGGCGCAAACCGATGGCAAACGGATTAGCTACGTTGATTTGCGTTATGACTCTGGAGCGGCAGTAGGCYGG GCCCTT 800

LeuTyrProVal LeuGi nGlnGl nAl aGi nThrAspGlyLysArgll eSerTyrValAspLeuArgTyrAspSerGlyAl aAl aValGlyTrpAl aProLeu

GCCGCCAGAGGAATCTACTCAGCAACAAAATCAGGCACAGGCAGAACAACMTGATCAAGGCGACGGACAGAAAACTGGTAGTAGGACTGGAGATTGGTA 900
ProProGluGluSerThrGlnGl nGlnAsnGlnAlaGlnAlaG)uGtnGlnEnd

°MetI1eLysAlaThrAspArgLysLeuValValGlyLeuGlu11eGly
03a 0b

CCGCGAAGGTTGCCGCTTTAGTAGGGGAAGTTCTGCCCGACGGTATGGTCAATATCATTGGCGTGGGCAGCTGCCCGTCGCGTGGTATGATAAmGGCGG 1000
ThrAl aLysValAl aAl aLeuValGlyGluValLeuProAspGlyMetValAsnIleI 1eGlyYalGlySerCysProSerArgGlyMetAspLysGlyGly

GGTGACGACCTCGAATCCGTGGTCAAGTGCGTACMCGCGCCATTGACCAGGCAGAATTGATGGCAGAiTGTCAGATCiCTTCGGTATATCTGGCGCTi 1100
ValAsnAspLeuGluSerValValLysCysValGl nArgAlaIleAspGl nAl aGluLeuMetAlaAspCysGnIlneSerSerValTyrLeuAl aLeu

TCTGGTAAGZACATCAGCTGCCAGAAT6uTTGGTATGiTGCCTATTTTAAAAMGTGACGCAAGAAGATGTGGAACGTCGCCATACCGCGA 1200
SerGlyLysHi slbeSerCysGb nAsnGlull eGlyMetValProll eSerGluGluGluValThrGl nGluAspValbluAsnValValHisThrAla

FIG. 2. Nucleotide sequence of the region upstream offtsA. The sequence starts at the EcoRI site near the end of the ddl gene. The ddl
sequence ends in a stop codon at bp 23 and is immediately followed by the start of theftsQ coding sequence at bp 25. TheftsQ sequence ends
in a stop codon at bp 855, overlapping the beginning offtsA at bp 852. Inverted repeat sequences are indicated by arrows. Vertical lines show
the end points of deletions starting at the initial EcoRI site. A + indicates that the downstreamftsA gene is expressed when the deletion is
present, and a - indicates that it is not (Fig. 3). O1, 02, 03a, and 03b proposed operator sequences discussed in the text. The cleavage points
of the BamHI, AccI, NruI, and NarI endonucleases are also shown.
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FIG. 3. Deletions in the ddlftsQ genes and their effects on expression offtsA. At the top is the ftsQ gene (coding sequence) and parts of

the adjacent ddl andftsA genes. A scale (in base pairs) starts at the EcoRI restriction site in ddl (6). The numbers on the left give the positions
of the end base pairs in the deleted fragments which are drawn on the right. The effect of each deletion on the expressionftsA is shown as
+ (the plasmid complements the chromosomalftsA13 mutation) or - (no complementation). The insert at the top (0) represents the undeleted
insert in pSZ24. Some reference restriction sites are shown at the bottom.

01 02
bp 11 19 245 253
5' ACTGGCGGA TCCGGCAGT 3'
3' TGACCGCCT AGGCCGTCA 5'

If these regions were transcribed, then the 01 sequence
(which includes the Shine-Dalgarno ribosome-binding se-
quence forftsQ) could base pair with the 02 sequence and
prevent translation offtsQ. However, we have shown else-
where (3a) that deletion of the 01 region has no effect on
translation offtsA when the whole region is transcribed in a
single mRNA. Together with the evidence presented here
and earlier (5) that transcription offtsA in these constructs
starts withinftsQ (downstream of 01 and 02), this effectively
eliminates any explanation which might involve RNA base
pairing between 01 and 02. We therefore think that 01 and
02 affect transcription from the downstream promoter within
ftsQ. In an attempt to see how this might work, we looked
for sequences resembling 01 and 02 elsewhere in the region.

1527 ,,_35,, "-10" 1559

PZ ATGCGCACACTAAGGTAATTCCTT.ATGCfEtGC
**

-
- **

"PA" TGGTAGACGCGGAAGGAAATACCTTCAGCGTGC
- o - 1 -* -

434 A66

FIG. 4. Pz3 and PA sequences.

Two overlapping sequences (03a and 03b) in the same
orientation as 02 were found at the opposite end of ftsQ
(between bp 832 and 852) (Fig. 5).
One explanation of how these sequences might control

expression of ftsA is given in Fig. 6. We propose that a
dimeric protein can recognize and bind pairs of sites. Bind-
ing of 01 and 02 would produce a DNA loop which would
prevent the expression offtsQ but would allow transcription
of ftsA. An alternative DNA loop could form between 01
and 03 (a or b), and this would prevent transcription of both
ftsQ and ftsA. In our experiments, deletion of 01 allows the
formation of a loop between 02 and 03, which would also
prevent transcription offtsA, but deletion of both 01 and 02
prevents all loop formation and allowsftsA to be transcribed
once more.
We are at present trying to identify the putative regulatory

protein and find direct evidence for our model. How such a
regulatory system is involved in the control of cell division is
unknown. However, this is yet another example in this
complex gene cluster of sequences being used both for

NCS 5' TTCDO G A AC GACTAATArnG

02 CS 5' AGGA TCGA C TGCC GGA TA TC a TCA

03a CS 5' C GCC TT6CCT6ATTTT6TH6

03b CS 5' 'r6 T CTCCCT6TGCCTr ALIT

3' bp 4 - 27

3' bp 260- 237

3' bp 846- 823

3' bp 852- 829

FIG. 5. Alignment of bases in the noncoding strand (NCS) or
coding strand (CS) centered around the 01, 02, 03a and °3b
sequences (see text). Identical bases are boxed.
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FIG. 6. Model for DNA-loop formation. The locations and ori-
entations of the proposed protein-binding sequences 01, 02, 03 and
03b not being differentiated in this diagram) are shown, together
with the promoter (P) in the ftsQ gene. In the second line a dimeric
protein is shown binding 01 and 02 to form a 234-bp loop. In this
configuration, RNA polymerase can bind to the promoter, and
downstream sequences, includingftsA, are transcribed (ftsA, on). In
the third line, the protein binds 02 and 03 because 01 has been
deleted. The 586-bp loop thus formed contains the promoter.
Transcription offtsA does not then take place (either because it is
blocked by the bound protein or because the configuration of the
DNA in the loop prevents polymerase binding). The fourth line
shows the deletion of both 01 and 02. Transcription offtsA takes
place because no loop formation is now possible. The bottom line
shows a possible alternative pairing of 01 and 03 which could take
place in undeleted DNA and which would also prevent ftsA tran-
scription. Three possible states of this region in the intact chromo-
some would therefore be as follows: (i) no protein bound, bothftsQ
andftsA transcribed; (ii) protein bound to 01 and 02,ftsA expressed
butftsQ not; and (iii) protein bound to 01 and 03,ftsA andftsQ not
expressed. (Binding of 02 and 03 might also take place in the intact
chromosome.)

coding (ddl and ftsQ) and as promoters, ribosome-recogni-
tion sequences, and regulatory sites (2, 3, 3a, 5, 6, 8-10).
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