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ABSTRACT  We have determined the sequence of the gene
encoding a single-stranded DNA (ss DNA) binding protein (SSB)
from the Escherichia coli F sex factor and the amino acid sequence
of the protein it encodes. The protein has extensive homology with
E. coli SSB, particularly within its NHe-terminal region, where 87
of the first 115 amino acid residues are identical to those of the
E. coli protein. We have previously shown that this portion of E.
coli SSB contains the DNA binding region. The sequences diverge
extensively in their COOH-terminal regions, although small areas
of homology exist in several places. Six of the last seven amino
acid residues of the two. proteins are identical, which may have
implications in terms of the direct interactions of these proteins
with other proteins required for DNA replication, recombination,
and repair. The coding region of the F plasmid ssf gene is 537 base
pairs. The protein encoded by the gene contains 178 amino acids
(one more than E. coli SSB) and has a calculated molecular weight
of 19,505. Other than the presumptive Shine-Dalgarno sequence,
the promoter and terminator regions of both genes are not sim-
ilar. The most significant feature in this regard may be the lack
of a region of dyad symmetry within the presumptive promoter
of the F plasmid ssf gene as is found in the region of the pre-
sumptive E. coli ssb promoter. In this report the predicted sec-
ondary structures of both the F plasmid and E. coli SSB proteins
are compared and the evolutionary significance of their sequence
and structural similarities to the functional domains of the pro-
teins are discussed.

It is now well established that the Escherichia coli single-stranded
DNA (ss DNA) binding protein (SSB) plays a necessary role in
DNA replication (1), recombination (2, 3), and repair (4, 53).
Corresponding proteins from several other systems, including
eukaryotic organisms, have also been described and similarly
implicated in DNA metabolic processes (6, 7). Recently it has
been shown that the E. coli F sex factor (F plasmid) encodes a
protein that binds strongly to ss DNA and partially comple-
ments defects caused by a chromosomal ssb-1 mutation (8). We
have determined the amino acid sequence of this protein and
the nucleotide sequence of the gene that encodes it and have
found it to contain regions of extensive homology to E. coli SSB.
Although evidence has been presented for corresponding func-
tional domains of the E. coli and phage T4 DNA binding pro-
teins (9), obvious sequence homology to a previously charac-
terized SSB has not been described for a protein of this type.

Our results are discussed in terms of the functional domains
of E. coli and F plasmid SSB and the possible interaction of
these proteins with other replication, recombination, and re-
pair proteins.

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked “advertise-
ment” in accordance with 18 U.S.C. §1734 solely to indicate this fact.
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MATERIALS AND METHODS

Bacterial Strains and Plasmids. The E. coli K-12 strains used
were HMS91 (W3110 rha™, thy~) and KLC850 (ssb-1 deriva-
tive of HMS91). pKAC51 is an ampicillin-resistant tetracycline-
sensitive derivative of pBR322 that was constructed by isolating
the Pou I11/Cla I DNA fragment from pBR322 encoding B-lac-
tamase and the origin of replication before nuclease Sl treat-
ment and subsequent ligation and transformation. pKAC50 was
constructed by ligating the Pou II/Cla I DNA fragment from
pBR322 described above for pKAC51 to the Cla I/Sma I DNA
fragment containing the BamHI cleavage site from EcoRI frag-
ment 3 from F plasmid. This DNA fragment was isolated from
pKL1 (see diagrams of pKL1 and pKAC50 in ref. 8). pEG310
was derived from pKACS50 by cleavage with BamHI, filling in
the resulting termini with deoxynucleoside triphosphates in the
presence of the large subunit of E. coli DNA polymerase I, and
ligating (8).

Media and Reagents. All restriction enzymes were from New
England BioLabs. Polynucleotide kinase was from P-L Bio-
chemicals. All radioactively labeled nucleoside triphosphates
were from Amersham. F plasmid SSB for tryptic peptide anal-
ysis was purified from KLC850/pKAC50 by a modification of
the previously described procedure (10).

Sequence Determination of the F Plasmid ssf Gene. All DNA
fragments were purified from 5% or 8% (wt/vol) polyacryl-
amide gels. Termini were labeled and the sequence was de-
termined as described (11).

Protein Chemistry of F Plasmid SSB. F plasmid SSB was
purified by a procedure to be described later. The protein was
denatured by adding trichloroacetic acid (10%, vol/vol). The
acid-precipitated SSB was redissolved in 8 M urea and then di-
luted to a final concentration of 2.2 M urea, 0.07 M NH,HCO5.
After trypsin digestion (protein-to-enzyme weight ratio of 25,
24 hr at 37°C) the resulting peptide mixture was fractionated
by HPLC and then characterized as described (12-14). The se-
quence of amino acid residues 2-14 in F plasmid SSB was de-
termined with 1.5 nmol of SSB that had been coupled to di-
isothiocyanate glass (15). Some SSB tryptic peptides were also
sequenced after they were coupled to aminopolystyrene by us-
ing a water-soluble carbodiimide (15). The secondary structure
of F plasmid SSB was predicted from a computer program (16)
based on the method of Chou and Fasman (17).

Abbreviations: ss DNA, single-stranded DNA; SSB, the Escherichia coli
or F plasmid ss DNA binding protein [the E. coli SSB has also been re-
ferred to as a DNA helix-destabilizing protein (EcoHD-protein I)]; ssf,
structural gene for F plasmid-encoded SSB as previously suggested by
Kolodkin et al. (8); EOP, efficiency of plating.
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RESULTS

F Plasmid-Encoded SSB Complements the ss DNA Binding
Deficiency and Temperature-Sensitive Conditional Lethality
of an E. coli ssb-1 Mutant Strain. Studies by Kolodkin et al. (8)
showed that a high copy number plasmid containing EcoRI DNA
fragment 3 from F plasmid complemented the conditional le-
thality of an ssb-1 strain and that mutation of the unique BamHI
cleavage site in this DNA fragment prevented this effect. We
inserted the Sma I to Cla I DNA fragment that includes the
BamHI cleavage site of EcoRI DNA fragment 3 into the Pou
II to Cla I portion of pBR322 encoding B-lactamase and the
origin of replication. This plasmid (pKAC50) encoded two pro-
teins as visualized by maxicells, one of which bound tightly to
ss DNA and appeared to have a subunit molecular weight of
22,000. This latter protein was not made by a derivative of
pKACS50 that was altered at the BamHI cleavage site (pEG310)
(8).

Measurements of the binding activity of extracts of ssb-1
mutant strains containing these plasmids are shown in Table 1.
We have previously shown that extracts of ssb-1 strains do not
contain measurable amounts of ss DNA binding activity as de-
termined under the conditions of our filter binding assay (18).
Nearly 80% of wild-type binding activity is, however, restored
in an ssh-1 strain containing pKAC50, but none is detected in
the same strain carrying a derivative of pKAC50 with a mu-
tation at the BamHI cleavage site (pEG310). This binding ac-
tivity also directly correlates with the EOP of these strains mea-
sured at 43°C. We conclude, in agreement with the previous
studies of Kolodkin et al. (8), that these complementation ef-
fects of the ssb-1 mutation are due to a ss DNA binding protein
encoded by F plasmid.

Nucleotide Sequence of the F Plasmid-Encoded ssf Gene.
From the analyses of pKAC50 performed in our laboratory and
in Low’s laboratory (8), it was known that the BamHI cleavage
site was within either the coding sequence or a control region
of the F plasmid ssf gene. We subsequently determined that
a cleavage site for Bal I was very close to the BamHI site, and

Table 1. Complementation of ss DNA binding activity by F
plasmid-encoded SSB in extracts of ssb-1 mutant cells

Binding
activity,*
Genotype 4ug SSB*  nmol DNA
Chromo- permg  bound per EOP
Strain* some Plasmid protein mg protein (43°C)$
HMS91 ssb* — 0.31 0.78 0.93
KLC850 ssb-1 — 0.36 <0.1 0.00004
KLC850/
pKAC51  ssb-1 — 0.38 <0.1 0.00001
KLC850/
pKAC50  ssb-I F ssb” 0.46 0.61 0.85
KLC850/
pEG310 ssb-1 F ssb™ 0.48 <0.1 0.000001

*pKACS51 is the vector portion of pPKAC50 and pEG310. pEG310 was
derived from pKAC50 by mutation of the BamHI cleavage site.

* Determined by solid-phase radioimmunoassay of crude extracts using
antibody to wild-type SSB. Although precise measurements of the
quantity of F plasmid SSB produced by KLC850/pKAC50 have not
been made, qualitative estimates have been made on the basis of so-
dium dodecyl sulfate/polyacrylamide gels of fractions analyzed dur-
ing purification; it is interesting that more SSB was not detected. De-
spite extensive homology between F plasmid and E. coli SSB it is
possible that antibody to E. coli SSB does not react well with the F
plasmid protein; however, this point has not been directly examined.

+ss DNA binding activity determined in crude extracts by method of
Whittier and Chase (18).

$ Efficiency of plating (EOP) at 43°C is the ratio of viable cells at 43°C
to those at 30°C determined on LB agar plates without NaCl.
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Fic. 1. Diagram of the portion of pPKAC50 sequenced in this study.
The ATG start and TGA termination codons of the F plasmid ssf gene
are indicated. Also indicated is the sequencing strategy (see Results).
The arrows below the map indicate the direction of sequencing and length
of sequences determined in individual experiments.

we also determined the location of Ava II cleavage sites in
pKAC50. Cleavage sites for other restriction enzymes utilized
in the sequencing of the gene were found as sequences were
determined, proceeding from the 5’ termini of the Bal I site
and the 3’ termini of the BamHI site. The region of pKAC50
whose sequence was determined and the sequencing strategy
are diagrammed in Fig. 1. It was apparent when the first se-
quences were determined that extensive homology existed be-
tween the E. coli ssb (13) and F plasmid ssf genes, at least within
the regions of the genes encoding the NH, termini of the pro-
teins. Further consideration of the implications of the similar-
ities in sequence and structure of these ss DNA binding pro-
teins are discussed below. The DNA and protein sequences of
the F plasmid ssf and E. coli ssb genes and proteins are both
presented in Fig. 2 for comparison.f The coding region of the
F plasmid ssf gene is 537 base pairs. However, because the me-
thionine of the initiation codon is not present in the protein,
F plasmid SSB contains 178 amino acid residues—one more
than E. coli SSB. Both SSBs utilize a UGA termination codon.
The presumptive promoter sequences of the E. coli ssb and F
plasmid ssf genes are not similar beyond their presumptive
Shine-Dalgarno sequences (Fig. 3A). The coding region of the
F plasmid ssf gene is followed by a dyad symmetry of 19 base
pairs compared to 27 base pairs for the E. coli ssb gene (13) (Fig.
3B). The sequences of these regions are not similar.

Protein Chemistry of F Plasmid SSB. Solid-phase sequence
analysis of F plasmid SSB resulted in the identification of res-
idues 2-6 and 8-14, all of which were in complete agreement
with those predicted on the basis of the DNA sequence given
in Fig. 2. Dansylation of 0.3 nmol of the protein revealed ala-
nine as the NH,-terminal amino acid, also in agreement with
the DNA sequence. Carboxypeptidase A digestion of 1 nmol of
F plasmid SSB released 0.92 nmol of phenylalanine and no other
amino acids, again in accord with the DNA sequence.

The remainder of the amino acid sequence was confirmed by
determining amino acid compositions for both the intact F plas-
mid SSB and its tryptic peptides. In addition, the sequences of
three of the tryptic peptides were determined. The total amino
acid composition of F plasmid SSB agrees well with the pre-
dicted composition (data not shown). Hydrolysis and analysis of
performic acid-oxidized SSB and of tryptic peptide T-8 (Table
2) confirmed the finding that (in contrast to the E. coli SSB) the
F plasmid protein does contain a single cysteine. A better con-
firmation of the DNA sequence for F plasmid SSB was obtained
by isolating 14 of its tryptic peptides, which together account
for 161 out of the 178 amino acids in this protein (Table 2). The
amino acid compositions of these purified peptides as well as
the sequences determined for T-2, T-7, and T-8 are all in ex-

#Two errors in the E. coli ssb sequence (13) have now been corrected.
The codon for serine-39 was reported to be TCA and has now been shown
to be TCC. It should be noted that this change introduces a BstNI rec-
ognition site. Amino acid residue 133 was reported to be serine (codon
AGC). This residue has now been correctly shown to be glycine (codon
GGC). These corrections have been confirmed by both DNA and pro-
tein sequencing (unpublished data).
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10 20
F plasmid Ala Val Arg Gly Ile Asn Lys Val Ile Leu Val Gly Arg Leu Gly Lys Asp Pro Glu Val Arg Tyr Ile Pro Asn
GCA GTT CGT GGC ATT AAC AAG GTC ATC CTC GTA GGA CGC CTG GGA AAG GAT CCG GAA GTC CGT TAC ATC CCC AAC
E. coli C AGC A A G A T T T T AAT TC C A C G A T
Ser Val Asn Gln Met
40 50

30

Gly Gly Ala Val Ala Asn Leu Gln Val Ala Thr Ser Glu Ser Trp Arg Asp Lys Gln Thr
GGG GGC GCA GTG GCA AAC CTG CAG GTG GCC ACG TCA GAA AGC TGG CGT GAC AAA CAG ACG GGG GAG ATG CGG GAG CAG ACA GAA TGG CAT
T T C ATAC C T T c TC T GC C C AAA A T C

Ile Thr Leu Ala Lys
70 80

Gln Val Tyr Ile Glu Gly Gln Leuw Arg Thr
GTC TAC ATC GAA GGT CAG CTT CGC ACC

Gly Glu Met Arg Glu Gln Thr Glu Trp His

60
Arg Val Val Leu Phe Gly Lys Leu Ala Glu Val Ala Gly Glu Cys Leu Arg Lys Gly Ala
CGC GTG GTG CTG TTC GGC AAG CTC GCG GAA GTG GCA GGT GAA TGT CTG CGC AAG GGC GCG CAG

T A G A GAC A T A TTT T T G T
Ser Tyr Ser
90 100 110
Arg Ser Trp Glu Asp Asn Gly Ile Thr Arg Tyr Val Thr Glu Ile Leu Val Lys Thr Thr Gly Thr Met Gln Met Leu Val Arg Ala
CGT AGC TGG GAG GAT **¢ AAC GGT ATC ACC CGT TAC GTC ACC GAA ATT CTT GTT AAG ACC ACG GGC ACC ATG CAG ATG CTG GTA CGT GCC
AA ACC CAA TC CAG GAT C AC A GCGG G C GTT GGC GT G CGT
Lys Thr Gln Ser Gln Asp Thr Val Val Asn Val Gly Gly Gly Arg
120 130 140
Ala Gly Ala Gln Thr Glan Pro Glu Glu Gly Glm Gln Phe Ser Gly Gln Pro Gln Pro Glu Pro Gln Ala Glu Ala Gly Thr Lys Lys Gly
GCA GGT GCT CAG ACT CAG CCG GAA GAG GGG CAA CAG TTC AGC GGT CAG CCT CAG CCG GAA CCA CAG GCG GAG GCC GGT ACG AAA AAA GGT
CAG G GGC G sse C GT CATATCGGT G T G GGC GT TGG GGT CAG CCT CAG CAG C C G GGT C
Gln Gly Gly Alas Ala Gly Asn Ile Gly Gly Gly Gly Trp Gly Glm Pro Glm Gla Pro Gla Gly
150 160 170

Gln Pro Gln Pro Pro Glu Gly Asp Asp Tyr Gly Phe Ser Asp
GAG GGT GAC GAT TAC GGG TTT TCA GAC

CCG CCG ATG G see GAT T
Asp

Gly Ala Lys Thr Lys Gly Arg Gly Arg Lys Ala Ala Gln Pro Glu Pro
GGC GCA AAA ACG AAA GGC CGT GGA CGT AAG GCC GCG CAG CCG GAG CCT CAG CCG CAA CCG CCG

AAT CAG TTC GC GGC GCG CAG TC CGC C G CA TC CT GGCAG CG T T AAC
Asn Gln Phe Ser Gly Gly Ala Gln Ser Arg Pro Gln Ser Ala Ala Ala Pro Ser Asn Pro Pro Met Asp

178
Asp Ile Pro Phe TERM
GAT ATC CCG TTC TGA
c T

Fic. 2. Nucleotide and amino acid sequences of the F plasmid ssf and E. coli ssb genes and proteins. The complete sequences of F plasmid ssf
are given and differences that exist in the E. coli sequences are listed below. At one place in the F plasmid ssf sequence and at two places in the
E. coli ssb sequence a space equivalent to one codon has been introduced in order to maximize homology between the amino acid sequences. These
regions are indicated by asterisks. F plasmid SSB contains 178 amino acid residues and E. coli SSB contains 177. TERM, termination codon.

cellent agreement with the compositions expected from the DNA SSB should have a total net charge at pH 7 of only +1 com-
sequence. Carboxypeptidase A digestion of T-14 released 0.8 pared to —2 for E. coli SSB.

nmol of phenylalanine per mol of peptide and no other amino

acids, thus confirming that this peptide is at the COOH ter- DISCUSSION

minus of the F plasmid SSB.
A secondary structure for F plasmid SSB was predicted by We determined the sequence of a gene from F plasmid that

an empirical method based on its amino acid sequence (Fig. 4). encodes a ss DNA binding protein and confirmed 90% of the
The first two-thirds of the protein (approximately residues 1- predicted amino acid sequence by direct sequence determi-
115) is highly ordered, with 70% of the amino acids predicted nation or by amino acid analysis of tryptic peptides. The protein
to occur in either a-helical or B-pleated structures. In contrast, encoded by this gene has extensive homology to E. coli SSB.
the COOH-terminal third of SSB has no predicted B-pleated This is most evident in the NHy-terminal two-thirds of the pro-
sheets and only three short stretches of a-helix, which together tein (residues 1-115), where nearly 80% of the sequence ex-
account for less than 30% of this region. While charged amino actly corresponds to the E. coli protein. Analysis of the sec-
acids are distributed uniformly throughout the first two-thirds ondary structure by the method of Chou and Fasman (17) predicts
of the F plasmid SSB, the COOH-terminal third of the mol- this region to be very similar to E. coli SSB (Fig. 4). Our pre-
ecule contains both an unusually basic region (residues 142-154 vious studies utilizing proteolytic products of E. coli SSB have
have a net charge of +7) and an unusually acidic region (res- shown that this portion of the protein contains the DNA bind-
idues 166—175 have a net charge of —5). Overall, the F plasmid ing region (9). We have also shown that the ssb-1 mutation of

A

F plasmid GGTCCCCGCAAAACGTCAAAACCGCGECTCCCGAAACTCAAAAGATGATEGGGGCTGAAAACATCAACAGAAGEAGACACATCATE]
E. coli  ACAACATAGTAAAAGCGCTATIG@TAATGGTACAATCGCGCGTTTACACTTATTCAGAACGATTTTTTTCAGEAGACACGAACATE]
B

F plasmid [T6AACGACTGACTGTGACAACCECCCCOTCCTGTGCEEGECATCACCGGAGAGATGAGGATGAGCGAATATTTCAGAATACTTCAG

E. coli TTGTCAﬂm‘cu‘l’lﬁGTTATA‘ITGTT‘IT“GG‘l‘GGATGATTAAAGCATCTGCCAGCCATAAAAAAGAAGCCTCCGTTAT

Fic. 3. Comparison of the presumptive F plasmid ssf and E. coli ssb promoter (A) and terminator (B) sequences. The presumptive RNA poly-
merase recognition sequences, Pribnow sequences, and Shine-Dalgarno sequences are underlined. Those indicated for the E. coli ssb gene are as
suggested previously (13). The dyad symmetry following the coding region of each gene is underlined. The ATG initiation codon and the termination

codon of each gene are enclosed in boxes.
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Table 2. Amino acid compositions* of F plasmid SSB tryptic peptides

Amino
acid T-1 T-2* T-3 T-4 T-5 T-6 T-7+  T-8 T-9 T-10 T-11 T-12 T-13 T-148
Cys - - - - - - - 0.8(1) - - - - - -
Asx - - 1.0(1) 2.0(2) 0.8(1) - - - 0.3 1.7 (2) - - 0.6 3.8(4)
Thr - - - 09(1) 11() 09() - - - 09(1) 11(1) 28(3 2.1(2) 0.3
Ser - 0.4 - 2.0(2) - - - - - 0.8(1) - - 1.2 (1) 1.2(1)
Glx - 0.6 11() 22(2) 22(2) 3.03) - 19(2) 293 14(1) 121 12@1) 10511 4.8(5)
Pro - - 12() 11Q) - - - - - - - - 46 4) 6.3 (6)
Gly - 14(1) 1.0Q1) 27@) 11() 04 1.0(1) 1.0 212 12Q1Q) - 1.1Q1) 4.1(4) 24 (2
Ala 1.0(1) - - 2.6 (3) - - - 18(2) 1.0(1D) - - - 4.5 (5) 2.1(2)
Val 1.1(1) 17(2 09() 18(2) - - 152 07(1) 1.0Q) - 192 12Q) - 0.3
Met - - - - 081 - - - - - - 14(2) - -
Ile - 0.6 (1) - 0.8() - - - - 09(1) 08(1) 09() - - 1.0(1)
Leu - 1.01) 09() 11(D) - - 09(1) 18(@2) 11(1) . - 111 11 - 0.5
Tyr - - - 08() - - - - 08 - 09(1) - - 0.8 (1)
Phe - - - - - - 1.0(1) - - - - - 09(Q1) 1.6 (2)
His - - - - - 09 Q) - - - - - - - -
Lys - - 0.9(1) - 0.7(1) - 1.0(1) - 1.0(1) - 1.0(1) - 1.0Q1) 1.0(1)
Arg 10 13() 11() 11(1) 12(Q) 12(Q) - 14(¢) 121 13Q) - 1.1(1) - 0.4
Trp - - - + (1) - + (1) - - - + (1) - - - -
Yield, % 57 52 71 25 32 54 53 35 45 54 48 58 50 34
Residue

numbers  1-3 8-13 14-21 22-41 42-49 50-56 57-62 63-72 73-84 87-95 96-103 104-113 114-142 154-178

* Presented as residues per peptide molecule. Numbers in parentheses are calculated from the DNA sequence.

*1dentity confirmed by solid-phase sequence analysis of the peptide.

#These two peptides were isolated as a 60:40 ratio of T-7 to T-8. The sequence of the mixture was then determined, to confirm the identification.
§ An additional 3.7 nmol (30%) of this peptide was recovered as T-14', residues 155-178.

E. coli SSB results in the substitution of tyrosine for histidine These correlations are striking and further suggest the impor-
at position 55, resulting in the production of a protein defective tance of this predicted a-helical region in DNA binding.

in DNA binding (refs. 12 and 18 and unpublished results). This Our previous characterization of proteolytic products of E.
alteration should interrupt the extensive a-helical region pre- coli SSB produced by digestion with trypsin and chymotrypsin
dicted to occur between residues 45 and 67 of both proteins. has led to the conclusion that regions of the protein in the area

+ 112 + - +
F PLASMID SSB
+
+ = - 2
oXoJoXoXoXo. 5
23 2 1615 2N +
26 -
- - + + 29 Y
+ QOQQRQRQQOQQQOQOQQQQQQQOQQQQQQQ 40
” T +  + 4+ - -+ - 4544+ - +
7 - -
™ 84 89 90
+ 93
ns 1% - + &
e 9
121
124
P E.COLI SSB
130
131
134
137
140
141
“e
.7
130 +
54

187

16510 Q Q Q Q Q Q Q

(7] - 3 (1¢4

Fi6. 4. Secondary structure of F plasmid SSB.R,/\V\, and —— denote a-helical, B-pleated-sheet, and random-coil residues, respectively; 8-

structure turns are indicated by chain reversals. The + and — signs refer te charged residues (pH 7), and the numbers refer to residues at con-
formational boundaries.
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of residues 116-135 are important in maintaining the integrity
of its tetrameric structure and may alsoparticipate in inter-
actions between tetramers that result in cooperative binding to
ss DNA (9). Although only 7 of the 19 amino acids in this region
(residues 116-135) are identical in both the E. colt and F plas-
mid SSB, there is one stretch of 4 amino acids (residues 129
132) that are homologous and that are predicted to form a 8-
bend in both proteins.

There is very little homology between the two proteins within
their COOH-terminal regions. Between residues 136 and 170
only 4 residues of the F plasmid protein directly correspond to
E. coli SSB. In addition, the F plasmid SSB contains 12.charged
amino acids in this region compared to only 3 for the E. coli
SSB. Even so, the difference in net charge is.only 3 because the
region containing residues 136170 should have a net charge
of +2 for the F plasmid SSB compared to —1 for the E. coli
SSB. Although this entire region is devoid of extensive sec-
ondary structure, a-helical regions are predicted to occur in the
F plasmid SSB between residues 133-138 and 152-157. This
differs from E. coli SSB, which is predicted to be completely
random coil in this region except for several B-turns. It also dif-
fers in that the a-helical region predicted to occur in the E. coli
protein between residues 166 and 173 is not predicted to occur
in the F plasmid-encoded protein. It is striking, however, that
6 of the last 7 amino acids (residues 172-178) of the F plasmid
protein exactly correspond to the COOH-terminal sequence of
E. coli SSB. 1t is important to note that the ssb-113 mutation
of E. coli SSB results in the substitution of serine for proline-
176 (the next-to-the-last amino acid residue in the E. coli pro-
tein). This alteration does not greatly affect DNA binding as
does the ssb-1 mutation (unpublished results) but does affect
DNA replication, repair, and recombination in much the same
manner as ssb-1, although with a number of subtle differences
(4). The known effects of this alteration and the fact that the
COOH-terminal amino acid sequences of both proteins are nearly
identical strongly suggests that the integrity of this region is
essential for the functioning of both proteins. On the basis of
genetic and biochemical arguments, we have previously sug-
gested that the pleiotropic effects exhibited by a deficiency in
SSB could best be explained if the protein exerts its effects not
only through binding ss DNA but also by directly interacting
with proteins intimately involved in DNA replication, recom-
bination, and repair (4). We have suggested that the COOH
terminus of the protein is the most likely region for such in-
teractions (19), and we believe that the observations we have
made on F plasmid SSB strengthen these arguments.

The sequences immediately preceding the initiation codon
of each gene are very similar; however, the sequences in the
presumptive promoter and terminator regions of these genes
are generally not homologous (Fig. 3) and they show minimal
homology to the consensus sequence (20). The dyad symmetry
that exists in the E. coli SSB promoter (13) is not present in the
F plasmid gene. The significance of this dyad symmetry, if any,
is still unknown. We speculated that it may be a recognition site
for a regulator that affects transcription of ssb (13). In vivo stud-
ies in our laboratory (unpublished results) and recent studies of
Salles et al. (21) have failed to produce any evidence for either
positive or negative regulation of ssb. The question of ssb reg-
ulation in E. coli is particularly important due to the known in-
volvement of SSB in induction of the SOS repair process and
the proximity of the ssb and uvrA promoters, the latter gene
being a known damage inducible (din) locus (22). In vitro tran-
scription or gene fusion studies of both genes are needed in
order to evaluate their regulatory mechanisms. Because the F
plasmid and E. coli ss DNA binding proteins almost certainly
did not evolve independently, it is interesting that their control

Proc. Natl. Acad. Sci. USA 80 (1983)

regions are quite different, at least in sequence. It may be of
basic importance that we understand their regulation in order
to arrive at a complete understanding of their participation in
biochemical reactions.

It is important to note the absence.of the region of DNA from
F plasmid encoding its ss DNA binding protein from mini-F
plasmids capable of autonomous replication (23, 24). This ob-
servation suggests an additional role for F plasmid SSB apart
from a role in replication that may-be compensated for by. the
corresponding host protein. It has been noted by Kolodkin et
al. (8) that certain other transmissible plasmids also produce an-
activity that suppresses the phenotype of ssb-1. Analysis of the.
ss DNA binding proteins from these systems may lead to a bet-
ter understanding of the interactions of various DNA metabolic
proteins that is crucial to a complete understanding of DNA
replication, recombination, and repair, as well as DNA transfer
at the molecular level,
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