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The Escherichia coli nucleoid contains DNA in a condensed but functional form. Analysis of proteins released
from isolated spermidine nucleoids after treatment with DNase I reveals significant amounts of two proteins
not previously detected in wild-type E. coli. Partial amino-terminal sequencing has identified them as the
products of rdgC and ye¢jK. These proteins are strongly conserved in gram-negative bacteria, suggesting that

they have important cellular roles.

The Escherichia coli nucleoid maintains its DNA in a com-
pact form yet permits the DNA to carry out vital functions
including replication, recombination, gene regulation, and ex-
pression (1, 7, 8, 11, 12). We have been characterizing spermi-
dine nucleoids (5, 6) for their structure and stability under
various conditions and for their protein content. The proteins
released from the spermidine nucleoids by DNase I treatment
are separated by polyacrylamide gel electrophoresis and iden-
tified either by comigration with known standards or by partial
N-terminal amino acid sequencing. Over half of the protein
released is found in only five proteins, namely, RNA polymer-
ase, HU, H-NS, Fis, and residual lysozyme introduced during
the cell lysis procedure (5). Of these, Fis, RNA polymerase,
and H-NS are bound particularly strongly to the nucleoids (6);
the role of these proteins in nucleoid structure is currently
being examined.

In the present experiments, isolated spermidine nucleoids
were incubated with 0 or 10 pg of DNase I per ml at 0°C for 60
min, and the nonsedimentable fraction was isolated (6). After
precipitation with trichloroacetic acid (5), samples were redis-
solved, electrophoresed on a 10% NuPage Bis-Tris gel with a
MOPS (morpholinepropanesulfonic acid)-sodium dodecyl sul-
fate running buffer, and transferred to a polyvinylidene diflu-
oride membrane according to the manufacturer’s specifica-
tions (Novex, San Diego, Calif.). The membrane was rinsed
with water and absolute methanol and then stained with Coo-
massie blue R-250 (Bio-Rad, Hercules, Calif.) for 45 s and
destained in 50% methanol. Amino-terminal sequences were
determined with a Hewlett-Packard 241 protein sequencer by
using the polyvinylidene difluoride 4.0 method.

Two previously uncharacterized protein bands with apparent
molecular masses of approximately 35 and 37 kDa can be seen
on a membrane from a typical experiment (Fig. 1). Partial
N-terminal amino acid sequencing identified the two polypep-
tides as the protein products of the genes rdgC (also yaiD/
orf303; GenBank accession no. AE000145) and yejK (GenBank
accession no. AE000308) (Table 1). The abundance of these
two polypeptides in the DNase I-released fraction from several
strains of E. coli was determined and expressed relative to the
amount of the o subunit of RNA polymerase (RpoA) in the
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same fraction (Table 1). RpoA was used as a reference point
because it is a well-defined major component of the proteins
released by DNase I, it has been identified by its N-terminal
amino acid sequence, it is present in a relatively constant
amount in this fraction in all strains tested, and it is similar in
electrophoretic mobility (apparent molecular mass of 39 kDa)
to the polypeptides in question. The quantitation of the two
polypeptides shown in Table 1 is based upon the intensity of
Coomassie blue staining of bands on the membrane and so is

kDa

50—
40— e — RpoA
R — YejK
= —RdgC
— — DNase I
30— s
20—

FIG. 1. Polypeptides from E. coli M182 spermidine nucleoids. A typical
membrane is shown, with lanes 1 and 2 representing polypeptides isolated from
nucleoids treated with 0 and 10 pg of DNase I per ml, respectively. Locations of
protein products described in the text and sizes of molecular mass standards
(BenchMark protein ladder; Life Technologies) are indicated in the margins. Fis,
H-NS, HU, and lysozyme migrate into a single band at the bottom of the
membrane. Unlabelled protein bands are currently under investigation.
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TABLE 1. Identification of RdgC and YejK in the DNase I-released fraction of isolated spermidine nucleoids

Gene (predicted N-terminal E. coli strain Observed N-terminal Relative amount
amino acid sequence) ’ ’ amino acid sequence® of protein®
rdgC (MLWFKNLMVYRLSRE) C600 MLXFK(N/V)LMVYRLS 0.59
C600 fis¢ MLXFKXIL.MVYRL 0.73
M1824 MLXFKXLMVYRL 0.39
3284¢ M(L/V)XFKXLMVYRLSRE 0.33
yejK (MSLDINQIALHQLIKRD) C600 SLDI(G/N)QIAL(H/G)QLYV 0.31
C600 fis SLDINQIALHXLXKRD/ 0.32
M1824 S(L/Q)DIXQIALHQLYV 0.26
3284¢ SLDINQIALHQLIKR/ 0.42

“ N-terminal sequences were determined as described in the text.

® The amount of each protein relative to that of RpoA from the same lane of the membrane as determined by Coomassie staining. RpoA represented 6.3 to 8.8%
of the protein released from the nucleoid preparations by DNase 1.

€ C600 fis-767::Kan was made by P1 transduction of fis-767::Kan (3) into C600.

4 The genotype of strain M182 is A(lac)74 galU galK rpsL (13).

¢ Strain 3284 is a AstpA::Tet Ahns::Kan derivative of strain M182.

/The observed N-terminal sequences of YejK indicate that a cleavage of the initial methionine has taken place during posttranslational processing. This is expected
due to the presence of serine at the penultimate amino acid position (2).

subject to some variability due to intrinsic differences in stain- represent 2 to 3% of the total protein in this fraction. In the
ing and transfer. It is, nonetheless, clear that the two polypep- absence of DNase I treatment, there was a greater than 20-fold
tides are relatively abundant components of the DNase I-re- decrease in the levels of these polypeptides. This strongly sug-

leased fraction in all parental and mutant strains tested and gests that the two polypeptides are associated with nucleoid
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FIG. 2. Groupwise comparison of the bacterial homologs of RdgC (A) and YejK (B). The groups of protein homologs from different bacteria are shown as sets
of stacked horizontal bars. The scale bars along the horizontal axes in each panel identify amino acid (aa) positions. A blackened position indicates identity of the amino
acid at the given position with the amino acid which occurs most frequently at that position among the homologs. If no single amino acid occurs in at least 33% of the
sequences at a given position in the group of homologs, no identity is indicated at that position. Sequences along the top of each panel are strongly conserved motifs
which are present in at least 80% of the sequences; none of these regions correspond to known protein motifs. Bacterial identifiers and sequence accession numbers
are as follows: E. coli (EC) (RdgC, AE000145; YejK, AE000308), Salmonella typhimurium (ST) (genomic sequence data), Yersinia pestis (YP) (genomic sequence data),
Haemophilus influenzae (HI) (RdgC, U32716; YejK, U32765), Pseudomonas aeruginosa (PA) (genomic sequence data), Actinobacillus actinomycetemcomitans (AA)
(genomic sequence data), Vibrio cholerae (VC) (RdgC, AF043352), Bordetella pertussis (BP) (genomic sequence data), N. gonorrhoeae (NG) (RdgC, AF058711), and
Neisseria meningitidis (NM) (genomic sequence data). Genomic sequence data was obtained by searching the NCBI unfinished microbial genomes databases (6a).
Significant regions at the N terminus of V. cholerae RdgC and S. typhimurium YejK and the C terminus of A. actinomycetemcomitans RdgC were not present in the
currently available genomic sequence data. Sequence alignments were carried out using the MacDNASIS program (Hitachi Software).
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DNA; however, factors other than DNA that are affected by
DNA degradation could incorrectly indicate an association
with DNA in a structure as complex as the spermidine nucle-
oid.

While the cellular functions of the two polypeptides are
unclear, their conservation in other bacteria indicates their
importance. The rdgC gene encodes a slightly acidic polypep-
tide (predicted pI of 5.1) of 303 amino acids (predicted mass of
33.9 kDa). This protein had not been observed in wild-type E.
coli; however, a product of the correct size was expressed from
a plasmid containing the rdgC gene and studied previously (9).
That study identified rdgC as a gene required for the proper
replication of DNA in cells deficient in the recombination
enzymes RecABC and SbcCD. The authors proposed that
RdgC may be an exonuclease that is involved in the removal of
stalled replication forks; such a role would be consistent with
our isolation of the polypeptide in a DNA-associated fraction.
However, no biochemical evidence currently exists to confirm
this proposed activity. We have identified no detectable pro-
tein motifs in the predicted RdgC sequence which might pro-
vide insight into its function; most notably, it lacks any of the
known nucleotide binding sites that one might expect to find in
a nuclease. The RdgC protein has significant homologs in nine
diverse gram-negative bacteria, with levels of amino acid iden-
tity ranging from 35 to 92% and levels of overall similarity
ranging from 48 to 95% (Fig. 2A). However, no homologous
proteins were found in the complete genomes of four archae-
bacteria (Archaeoglobus fulgidus, Methanococcus jannaschii,
Pyrococcus horikoshii, and Methanobacterium thermoautotro-
phicum) or in the complete genome of the gram-positive bac-
terium Bacillus subtilis. The absence of an RdgC homolog in B.
subtilis, which contains all the components of the RecABC-
SbcCD system (10), suggests that the RdgC protein family may
carry out a different function than that previously proposed for
the E. coli protein. Recent unpublished data states that the
Neisseria gonorrhoeae homolog of RdgC is involved in pilin
antigenic variation (4), which implies a possible role for RdgC
in recombination.

The protein product of the yejK gene had not been previ-
ously detected. It encodes an acidic polypeptide (predicted pI
of 4.4) of 335 amino acids (predicted mass of 37.8 kDa) which
also contains no obvious protein motifs. There are strong ho-
mologies (28 to 92% identity and 45 to 95% similarity) be-
tween E. coli YejK and open reading frames from five bacteria
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(Fig. 2B). No homology was detected with any sequences from
the genomes of the four archaebacteria previously mentioned
or with sequences from the genome of B. subtilis. The level of
sequence conservation of YejK argues that it plays a significant
role in a shared cellular process; its isolation from spermidine
nucleoids suggests that this function may involve interactions
with nucleic acids.

We thank M. Belfort and R. Johnson for kindly supplying strains
used in these studies.
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