
Protein phosphorylation is
the principal mechanism
by which extracellular

signals are translated into cel-
lular responses. This process is
carried out by specific protein
kinases and is coupled to 
dephosphorylation reactions,
which are carried out by pro-
tein phosphatases. In bacteria,
the molecular system respon-
sible for stimulus–response
coupling involves a two-compo-
nent system, consisting of his-
tidine kinase sensors and their
associated response regulators1.
In eukaryotes, by contrast,
protein phosphorylation mainly
results in phosphorylated serine,
threonine or tyrosine residues,
and the eukaryotic protein ki-
nases and phosphatases are the
backbone of signal transduc-
tion pathways. Previously, ser-
ine, threonine and tyrosine 
kinases, and their coupled phosphatases, were thought
to be unique to eukaryotes; however, recent evidence
arising from the accumulation of bacterial genome 
sequencing data and the use of anti-phosphoprotein
antibodies has revealed that some prokaryotes also
contain phosphoester kinases and phosphatases2–5.

To date, Ser/Thr protein kinases (STPKs) have been
shown to be involved in three different processes in
prokaryotes, namely regulation of development,
stress responses and pathogenicity. Bacteria capable
of differentiating into a new developmental state, in-
cluding Streptomyces6–8, Anabaena5,9,10, and Myxococ-
cus xanthus11–13, have many STPK-encoding genes. In
these bacteria, kinases are involved in the control of
the late stages of development, sporulation or sec-
ondary metabolite production; for example, Pkn1 of
M. xanthus is expressed exclusively during sporula-
tion and its inactivation lowers the level of spore for-
mation in this bacterium13. Additionally, STPKs have
been shown to be involved in the survival of human
pathogens within the host, as typified by the Yersinia
pseudotuberculosis plasmid-encoded protein kinase
YopO (YpkA, Ref. 14) or the Pseudomonas aeruginosa

STPK (Ref. 15). Both kinases
have been shown to be re-
quired for full virulence of these
pathogens in mouse models.
More recent studies have
shown that multiple STPKs
are present in P. aeruginosa,
but provided no further evi-
dence in support of a role for
these proteins in virulence16,17.

It is well established that
some bacteria, for example,
Shigella, Salmonella, entero-
pathogenic Escherichia coli
(EPEC) and Yersinia18, inter-
act actively with mammalian
cells. They either secrete pro-
teins or directly inject proteins
into host cells using the type 
III secretion system19. Several
examples exist whereby mi-
crobial kinases promote infec-
tion by disrupting the eukary-
otic cytoskeleton or internal
cellular communication sys-

tems19. For example, YopO of Y. pseudotuberculosis
is translocated to the inner surface of the host cell
plasma membrane10, where it interferes with host cell
signalling pathways. Listeria monocytogenes invades
mammalian cells and alters host signalling by directly
stimulating mitogen-activated protein (MAP) kinase
upon attachment to epithelial cells20. Another exam-
ple of an active interaction between invasive bacteria
and the host is provided by the human gastric epi-
thelial pathogen Helicobacter pylori. H. pylori in-
duces cytoskeletal rearrangements following attach-
ment to gastric cells, as well as tyrosine phosphorylation
of at least two host cell proteins21.

Early studies using monoclonal antibodies showed
that ‘eukaryotic-like’ protein phosphorylation occurs
in M. tuberculosis22. Later work using a variety of
molecular techniques such as Southern analysis, PCR
and genome database screening demonstrated that
M. tuberculosis encodes eight eukaryotic-like protein
kinases23. Furthermore, we have shown that at least
six proteins are phosphorylated in vitro, suggesting
the presence of functional kinases in M. tuberculo-
sis23. The completion of the M. tuberculosis genome
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sequencing project has now provided a complete list
of 11 putative eukaryotic-like protein kinases that
form the M. tuberculosis STPK family24 (Table 1).
This review summarizes the current experimental-
and bioinformatics-based knowledge concerning the
members of this protein family, thereby providing a
basis for experimental approaches to identify their
role in the cellular metabolism of M. tuberculosis.

STPK structure and homology analysis
The protein kinase ‘signature’, including all 11 do-
mains that are conserved according to Hanks25, is
present in all M. tuberculosis STPKs and was used as
the criterion for their annotation during the genome
sequencing project. An additional gene, pknM, which
was previously annotated as a putative STPK-encoding
gene, does not possess any recognizable kinase signa-
tures. The homology between PknM and the carboxy-
terminal region of PknH probably explains the original
annotation. Alignment of the STPK family members
revealed that 15 residues are absolutely conserved
across the group (Fig. 1). All kinases other than PknI
possess a lysine in the active site [Hanks domain VIb
(DXKPXN, where X is any amino acid)], which is
characteristic of STPKs. PknI has an asparagine at
this position, which is unusual for an STPK; however,
the other conserved residues in the domain indicate
that PknI is a Ser/Thr kinase.

Sequence database comparison using several align-
ment tools including BLAST, Fasta and Clustal algo-
rithms reveals strong homology to numerous known

and putative kinases. The closest homologues are
other prokaryotic eukaryotic-like STPKs. Not sur-
prisingly, the homologues with highest sequence simil-
arity were identified in the accumulating sequence
data from Mycobacterium leprae and other actino-
mycetes such as Streptomyces coelicolor. Figure 2
shows a dendrogram of a multiple sequence compari-
son (compiled using ClustalX and Treetool of the
Wisconsin GCG 10.0 package) of the kinase domains
from all the M. tuberculosis STPKs, other prokary-
otic kinases identified from the BLAST searches and
eukaryotic STPKs representative of the various classes
of cAMP- and Ca21/calmodulin-regulated kinases.
All but two of the M. tuberculosis STPKs are present
in a large cluster with most of the other prokaryotic
sequences. PknG and PknK do not cluster with the
rest of the M. tuberculosis STPKs and appear to be
most similar to the eukaryotic STPKs, although no
association with any particular enzyme class is appar-
ent. At least four M. tuberculosis STPKs, namely
PknA, PknB, PknG and PknL, have close homologues
in M. leprae, with amino acid identity ranging from
74–87%. None of the members of the M. tuberculosis
STPK family is present in the missing chromosomal
regions in bacillus Mycobacterium bovis Calmette–
Guérin (BCG)26.

Functional predictions
Bioinformatics analyses have provided a number of
clues to possible STPK functions, which, together
with locational information from the genome, have
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Table 1. Summary of Mycobacterium tuberculosis protein kinases propertiesa

Name ORFb MWc Adjacent/nearby genes TMd Unique M. leprae Auto-Pe Proposed regulatory
features homologue role

PknA Rv0015c 45 598 oriC/pbp 1 2 1 2 Cell elongation/division

PknB Rv0014c 66 511 oriC/pbp 1 PonA domain 1 1 Cell elongation/division

PknD Rv0931c 69 514 Phosphate-uptake operon 1 b-propeller, 2 1 Phosphate transport
PQQ domain

PknE Rv1743 60 513 ABC transporter 1 2 2 2 Membrane transport

PknF Rv1746 50 669 ABC transporter 1 2 2 + Membrane transport

PknG Rv0410c 81 579 glnH 2 Trx motif, 1 2 Amino-acid uptake, 
TPR motif stationary-phase 

metabolism

PknH Rv1266c 66 755 embR 1 AfsK like 2 + Arabinan metabolism

PknI Rv2914c 61 806 ffh, ftsY 1 Asn in active 2 2 Cell division
site

PknJ Rv2088 61 564 Transposon 1 2 2 + ?

PknK Rv3080c 119 420 luxA like 2 PDZ and AAA 2 2 Transcription, secondary 
domains metabolites

PknL Rv2176 42 803 Transcriptional regulator 1 2 1 2 Transcription?

aAbbreviations: ABC, ATP-binding cassette transporter; MW, molecular weight; ORF, open reading frame; PQQ, pyrroloquinoline quinone; TPR,
tetratricopeptide; Trx, thioredoxin.
bM. tuberculosis H37Rv ORF designation.
cMolecular weight is given in Daltons.
dPredicted transmembrane-spanning region.
eExperimental evidence of auto-phosphorylation



allowed us to assign putative roles to certain STPKs.
For example, all the proteins in the large cluster in
Fig. 2 appear to contain a single transmembrane helix
(Fig. 3). With the exception of PknL, this transmem-
brane region is located proximal to the amino-terminal
kinase domain and is followed by a carboxy-terminal
region of variable length. The topology of these mem-
brane-spanning proteins, as predicted using the pro-
gram HMMTOP, is ‘N-in, C-out’, consistent with these
proteins acting as signalling molecules between the
cell exterior and interior. Table 1 summarizes our
present knowledge of the M. tuberculosis STPKs, ob-
tained from both experimental and bioinformatic
analyses.

PknA, PknB and PknD
Both pknA and pknB reside within an operon with
pbpA (penicillin-binding protein 2; Rv0016c) and
rodA (Rv0017c), which control the switch between
peptidoglycan elongation and septum formation in
other bacteria27,28. Interestingly, a putative Ser/Thr
phosphatase gene, ppp (Rv0018c), is encoded by the
same operon, suggesting regulation of this process by
a phosphorylation/dephosphorylation cascade. This
type of regulation of cell elongation has not previ-
ously been described in other bacteria, although it is
noticeable that both the pknA and pknB homologues
in M. leprae are also adjacent to a penicillin-binding-
protein gene, suggesting a similar mode of regulation
in this organism. The M. tuberculosis PknB protein
also shows carboxy-terminal homology to another
penicillin-binding protein, PonA (Rv0050). Experi-
mental evidence clearly shows that PknB is autophos-
phorylated on a serine residue, possesses kinase activity
and is continuously transcribed in vitro as well as in
animal models and patient samples29. This, together
with its localization near the origin of replication,

suggests that PknB is important for normal growth of
M. tuberculosis. The third member of the M. tubercu-
losis STPK family, PknD, was identified prior to release
of the genome sequence, and was shown to be auto-
phosphorylated on a serine residue and able to phos-
phorylate artificial substrates30. A striking feature of
PknD is that the carboxy-terminal domain contains
six imperfect tandem repeats homologous to those
that form b-propeller structures in a variety of pro-
teins, including lipoprotein and scavenger receptors,
extracellular matrix components and tyrosine ki-
nases31. The funnel-shaped b-propeller structure is
thought to act as the receptor module in these pro-
teins. Interestingly, this structure also encompasses a
pyrroloquinoline quinone (PQQ)-binding site. PQQ
is a redox coenzyme that serves as a cofactor for a
number of enzymes, including some bacterial dehy-
drogenases32. A similar PQQ-containing b-propeller
structure is present in the carboxyl terminus of the
S. coelicolor Ser/Thr kinase AfsK, which phosphoryl-
ates AfsR, a transcriptional regulator of secondary
metabolism6. In M. tuberculosis, pknD appears to be
co-transcribed with pstS (Rv0932c), which encodes a
component of a phosphate-uptake system, and sev-
eral other components of the same system are encoded
by nearby genes. Thus, a probable role for PknD
could be regulation of phosphate transport.

PknE, PknF and PknH
The pknF gene is in an operon with an ATP-binding
cassette (ABC) transporter gene (Rv1747) and is only
three open reading frames distant from pknE, prompt-
ing a possible role for PknF, and perhaps also PknE,
in regulation of this transport system. Similarly, the
pknH gene is downstream of genes encoding ABC-
transporter components and also embR (Rv1267c).
EmbR is a transcriptional regulator of the embA and
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Fig. 1. Alignment of Mycobacterium tuberculosis STPKs from Hank domains VI to IX. The alignment was performed using ClustalW (Gap opening
10; gap extension 0.2) and ShadyBox programs of the Wisconsin GCG10.0 Seqlab package. Red represents 100% identity, yellow represents
75–99% identity and blue represents 50–75% identity.



embB genes, encoding cell wall arabinosyltransferases,
which are the targets of the antimycobacterial drug
ethambutol33. EmbR is homologous to AfsR in S. coeli-
color, which, as already discussed, is phosphorylated
by the Ser/Thr kinase AfsK.

PknI, PknJ and PknL
PknI is part of a cluster of genes including dacB
(Rv2911), which encodes the D-amino acid hydrolase
PBP5 (Ref. 34), another D-amino acid hydrolase
(Rv2913c), and ffh (Rv2916c), which encodes a signal
recognition particle. Another nearby gene, ftsY
(Rv2921c), encodes the membrane receptor for Ffh
(Ref. 35). Thus, a possible role for PknI could be to
regulate the secretion of proteins such as PBP5 via the
Ffh/FtsY pathway. As such, PknI could also be 
involved in regulation of cell division, as both PBP5
and FtsY have been implicated in this process in 
Escherichia coli35.

Few functional clues are available for PknJ or
PknL. The gene for PknJ is situated directly down-
stream of several transposon genes, whereas the gene
for PknL, which is unique among the M. tuberculosis
STPKs in having a carboxy-terminal transmembrane
region, is in the same operon as a putative transcriptional
regulator gene.

PknG and PknK
The last two members of the family, PknG and PknK,
have no apparent transmembrane regions and are
therefore predicted to be soluble proteins. PknG is the
only STPK that has an amino-terminal region pre-
ceeding the kinase domain, and in this respect is simi-
lar to the secreted YopO kinase of Yersinia. This
amino-terminal region contains a short double cys-
teine motif, which is a signature of disulfide reduc-
tases and isomerases such as the thioredoxins36.
Members of this family of proteins are involved in
maintenance of conformation of other proteins
through oxidation and reduction of their disulfide
bridges36. The presence of this motif in PknG suggests
it could be activated by, or respond to, the redox sta-
tus of the cell. In the carboxy-terminal region of the
protein there is a pyridoxal phosphate-binding motif,
a characteristic of class V amino acid transferase en-
zymes. Additionally, this region also contains a single
tetratricopeptide (TPR) sequence, which, in higher
eukaryotes, is repeated to form a signalling domain37.
The pknG gene is located in an operon with glnH
(RV1411c), which encodes an extracellular glutamine-
binding protein with a lipid-attachment site to anchor
it to the cell membrane. In other bacteria, GlnH is
part of a high-affinity glutamine-uptake system,
which is induced under nitrogen-limiting conditions.
Thus, it seems likely that PknG has a role in gluta-
mine uptake and could be co-transcribed with glnH
under nitrogen-limiting conditions. Indeed, green
fluorescence protein transcriptional fusion studies
have demonstrated that pknG expression is upregu-
lated upon entry into stationary phase38. The possible
involvement of PknG in glutamine metabolism is in-
teresting in the light of recent findings showing that

inhibition of extracellular glutamine synthetase resulted
in bacteriostasis of M. tuberculosis, both in vitro and
in macrophages, whereas no effect on growth was
seen with non-pathogenic mycobacteria39. Further-
more, treatment of M. tuberculosis with antisense
oligonucleotides to glutamine synthetase mRNA leads
to inhibition of bacterial replication40. This argues
that glutamine metabolism, and perhaps also PknG,
are important in the pathogenicity of M. tuberculosis.

The carboxy-terminal region of PknK shows hom-
ology to the regulatory regions of transcriptional 
regulators of the LuxR family, such as Klebsiella
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Fig. 2. Dendrogram of a multiple sequence comparison of kinase domains
from all the Mycobacterium tuberculosis STPKs, other prokaryotic kinases
identified from the BLAST searches and eukaryotic STPKs representative
of the various classes of cAMP- and Ca21/calmodulin-regulated kinases.
Sequences from the Swiss-Prot/EMBL database were aligned using
ClustalW (Gap opening 10; gap extension 0.2) and displayed using Treetool
from the Wisconsin GCG10.0 Seqlab package. M. tuberculosis STPKs are
boxed and the eukaryotic kinases and their closest prokaryotic homo-
logues are shaded. Accession numbers and abbreviations: MTB_PKNA,
Mycobacterium tuberculosis (P71585); MTB_PKNB, (P71584);
MTB_PKND, (O05871); MTB_PKNE, (P72001); MTB_PKNF, (P72003);
MTB_PKNG, (P96256); MTB_PKNH (Q11053); MTB_PKNI, (Q10964);
MTB_PKNJ, (Q10697); MTB_PKNK, (P95078); MTB_PKNL, (O53510);
MLE_PKNA, Mycobacterium leprae (P54743); MLE_PKNB (P54744),
MLE_PKNG (CAA22703); MLE_PKNL, (O69568); SCO_PKSC Streptomyces
coelicolor (AAC64406); SCO_PKAA, (P54739); SCO_PKAF (BAA34200);
SCO_PKAD, (O83032); SCO_PKAE, (BAA34340); SCO_PK3, (Q53839);
SGR_AFSK, Streptomyces griseus (P54742); PAE_PKNA, Pseudomonas
aeruginosa (AAD03499); BSU_YLOP, Bacillus subtilis (O34507); MXA_PKN1
Myxococcus xanthus (P33973); MXA_PKN2, (P54736); MXA_PKN6,
(P54738); LLA_ORF, Lactococcus lactis (CAA10713); YPT_YOPO, Yersinia
pestis (Q05698); CTR_PKN5, Chlamydia trachomatis (O84680); CAMKIIA,
Rattus norvegicus (P11275); BARK1, Bos taurus (P21146); CAPKA, Homo
sapiens (P17612); PKCA, Homo sapiens (P17252); AKT1, AKT8 murine
leukemia virus (P31748); CKIIA, Homo sapiens (P19138); GSK3A, Rattus
norvegicus (P18265); ERK1, Rattus norvegicus (P21708); CDC2HS,
Homo sapiens (P06493).



pneumoniae AcoK and E. coli MalT, and contains an
ATP-binding motif (AAA) characteristic of molecules
with ATPase activity. This AAA domain also encom-
passes a PDZ domain, which is involved in targeting
signalling molecules to sub-membranous sites41. Al-
though PknK does not show homology to the DNA-
binding regions of MalT or AcoK, the pknK gene is
situated close to that encoding a putative transcrip-
tional regulator virS (Rv3082c) which has been de-
scribed as a potential virulence gene in M. tuberculosis
H37Rv (Ref. 42). The pknK gene is also located 
directly upstream of one of several M. tuberculosis
genes (Rv3079c) that are homologous to members 
of the LuxA family of flavin mononucleotide (FMN)-
dependent monoxygenases. In other bacteria, these
enzymes are involved with the production of secondary
metabolites, such as the antibiotic lincomycin in 

Streptomyces species. Hence,
PknK might regulate the produc-
tion of a secondary metabolite(s)
in M. tuberculosis.

Conclusions
The aim of this review was to
provide insights into the roles of
the M. tuberculosis STPKs in the
metabolism of the tubercle bacil-
lus and its interaction with the
host. In other bacteria, STPKs
have been shown to be involved
in cell development, stress re-
sponse and pathogenesis. Some of
the functions we have putatively
assigned to the M. tuberculosis
STPKs fall into similar categories
(see Table 1).

From the available evidence, it
appears that at least three STPKs
could be involved in cell growth
and development, namely PknA,
PknB and PknI, all of which ap-
pear to regulate aspects of cell 
division/elongation. Regulation
of this crucial step in the cell
cycle by STPKs has not been pre-
viously described and this mode
of regulation could be important
with respect to the characteristi-
cally slow growth of M. tubercu-

losis and its ability to enter an extreme stationary
phase or dormant state, which is associated with 
prolonged latent infection43.

The role of M. tuberculosis STPKs in pathogenicity
is difficult to predict without available mutants; how-
ever, the involvement of intra- and/or extracellular
phosphorylation mechanisms in M. tuberculosis in-
fection is likely. Altered protein phosphorylation
could mediate M. tuberculosis inhibition of both
lysosome fusion with the phagosome and exclusion
of the vacuolar proton-ATPase from the phagosome,
preventing its acidification44. Interference with the
host’s normal immune response during mycobac-
terial infection could also be mediated by disabling
host signalling pathways. Indeed, it has recently been
shown that the binding of M. tuberculosis to human
macrophages via complement receptor 4 transduces 
a signal, resulting in tyrosine phosphorylation of
macrophage proteins45. Superficially, PknG is the
most likely candidate to participate in extracellular
phosphorylation events. It is the most eukaryotic-
like, has a similar structure to Yersinia YopO (Fig. 3),
and does not contain any transmembrane signals, sug-
gesting that it is a soluble protein. Additionally, it is
implicated in pathogenicity via its possible involvement
in extracellular glutamine metabolism.

Surprisingly, the complete genomes of other bac-
teria, including those similar in size to M. tuberculo-
sis, such as E. coli and Bacillus subtilis, do not include
any members of this family of regulatory proteins. 
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Fig. 3. Structural analyses of Mycobacterium tuberculosis STPKs. The programs Profile Scan
(http://www.isrec.isb-sib.ch/software/PFSCAN_form.html ), Easymotif (Glaxo Wellcome
in-house package incorporating PFAM, BLOCKS and PRINTS searches) and the Pedant database
(http://pedant.mips.biochem.mpg.de/mtb/ ) were used to search peptide sequences for
known structural or function motifs. The motifs were drawn on a schematic representation of the
linear peptide sequence. Abbreviations: PQQ, pyrroloquinoline quinone; TPR, tetratricopeptide; Trx,
thiorexdoxin.

Questions for future research

• What are the specific metabolic pathways controlled by
M. tuberculosis STPKs?

• What are the protein substrates of the STPKs?
• Which STPKs, if any, are involved in the switching mechanism

that controls entry/exit of M. tuberculosis to/from a dormant
state?

• Do members of the STPK family interact with host cell signalling
elements?

• What roles do these STPKs fulfil in pathogenicity or the progress
of the disease?



Instead, both B. subtilis and E. coli encode .30 mem-
bers of the classical bacterial two-component system
histidine kinases, compared with 11 in M. tuberculo-
sis. The total number of kinases (STPKs and those of
the two-component system) in these species seems to
be the same. Thus, in addition to the proposed roles
in pathogenesis and development, it is likely that
other M. tuberculosis STPKs simply fulfill the role of
the classical bacterial two-component system regulat-
ory proteins. It is acknowledged that the functional
predictions proposed in this article for the M. tuber-
culosis STPKs are speculative. Nevertheless, they pro-
vide hypotheses that can then be tested in the labora-
tory. Future experiments will aim to probe the function
of these STPKs.
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This book is one of a series of
introductory works in biol-
ogy, published by Cam-

bridge University Press in associ-
ation with the Institute of Biology.
The series is aimed at readers at
first year undergraduate level,
which presumably dictates a maxi-
mum size and price. This par-
ticular volume is presented as a
companion to Introductory Micro-
biology, which is in the same se-
ries, by the same authors and, as
they admit, this volume is based on
the material that had to be omitted
from the earlier volume owing to
space constraints. Herein lies an 
irritation for me, and I suspect a
far greater irritation for many
other potential readers: I did not
have the introductory text to hand.
Although this did not cause major
problems for me in understanding
this book, I suspect it will mean
that the undergraduate reader will
often struggle to assimilate com-
plex topics that cannot be intro-
duced fully in the space available
here. For example, quite detailed
flow charts for the identification
of medically important bacteria
are given, but the related text is
condensed into a few pages and
cannot provide all the necessary
explanations (why is gas–liquid
chromatography used for anaer-
obes and what does it do?). Many

readers will therefore need to read
this book with other sources of
information to hand to provide
underlying basic information. Un-
fortunately, despite the space con-
straint, some space is squandered,
for example on chemical sources
of food poisoning.

The approach adopted by the
authors to make this book read-
able and arouse interest in the 
target population (a notoriously
difficult task in introductory mi-
crobiology, often taught to refrac-
tory ‘general’ biologists!), is to
pose a series of questions as head-
ings of numbered sections within
each chapter. This approach does
work. Critically, it depends on the
questions asked, which must be
answerable in the space provided
and leave the reader feeling in-
formed as a result. Rarely did I
find such questions left unanswered,
although I cannot resist mention-
ing that ‘What are poliomyelitis
and chronic fatigue syndrome?’
left the second part not only unan-
swered but barely addressed. A
large and difficult question indeed
and it was not the best place to ask
it! The style of writing is generally
friendly, with an admirable use of
short, informative sentences,which
I wish I could emulate.

The topics chosen for explo-
ration in the book are appropriate,
and the authors have generally re-
sisted the strong temptation for
medically oriented microbiologists
to focus too heavily on medical as-
pects of the subject. The positive
aspects of the role of microorgan-
isms in soil and elemental cycling
are covered first, and their uses in
food preparation are covered later
in the book. Nevertheless, the 
average first year undergraduate
does have a fascination with the

downside of the subject, including
the gruesome consequences of a
variety of infections, and these
topics are well covered. Infections
are largely approached from the
clinical viewpoint of the symptoms
or syndrome rather than the mi-
crooorganism, but the question
and answer format does allow
questions about the organisms to
be interspersed effectively with the
clinical issues.

One can usually find fault with
the detail of books written by aca-
demics (specialists) for a general
audience and this book is no ex-
ception. I was surprised to learn
that viroids comprise RNA mol-
ecules much smaller than the
genome of typical RNA viruses,
being only about 200 kb! It is a
pity to find that authors can be
constrained by illogical definitions,
which sometimes have widespread
acceptance, and not explain or
perhaps even recognize the prob-
lem. Thus, I thought initially that
Campylobacter enteritis had been
omitted from the book, as it did
not appear with Salmonella and
Escherichia coli infections in an-
swer to the question ‘What food
poisoning is associated with bac-
terial infection?’. I found it several
pages away under the heading
‘What are food-borne infections?’,
and I challenge the reader to pro-
vide an explanation to the first
year undergraduate for this idio-
syncratic distinction. Worse, one
of the most important bacterial
pathogens of humans is covered
only with a brief mention under
‘Water-borne Campylobacter in-
fections’: it is Helicobacter pylori!
I was disappointed by the standard
of proof reading; for example
there are several errors within a
page or two in the section on


