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ABSTRACT 
Judaism, Christianity, and Islam refer to Abraham as the father of Isaac and Ismail who in turn 
are the founders of two genetic lines and religious traditions. 
Genetic research may materialize the existence of the historical Abraham and link it to as well 
as both, to Judaism through Isaac and to Islam through the genetic lineage of Ismail as each 
religious tradition claims for itself. 
Based on the Y-chromosomal DNA of distinct, contemporary groups of male individuals within 
both traditions (Cohen and Ahl Al-Bait) in conjunction with detailed paper trails, any 
relationship between the Jewish and Islamic tradition with regard to Abrahamic descent may be 
further strengthened or refuted. 
 
Key words: Y-chromosomal Abraham, SNP, STR, Haplotype, Cohen, Ahl Al-Bait 

 

	  

1. INTRODUCTION 
Further to the traditions of three 
monotheistic book religions, namely 
Judaism, Christianity, and Islam, the 
biblical Abraham may be in Y-
chromosomal line with as well as both, 
the Jewish Kohanim through his son 
Isaac and the founder of Islam, i.e., 
Mohammed, through his son Ismail as 
each tradition claims for itself. 
However, none of the respective 
genealogies provides a consistent 
historic documentation which would 
allow to produce any evident 
relationship on paper trail alone. Y-
chromosomal DNA analysis of distinct, 
contemporary groups of male 
individuals within both traditions in 
conjunction with detailed paper trails 
may refute or confirm any genetic  
 

 
 

relationship between the Jewish and 
Islamic tradition with regard to 
Abrahamic descendance to a commonly 
accepted degree of certainty. 
 
2. APPROACH 
The applied methodology consists of 
haplotyping male individuals with 
documented genealogy connecting back 
to the biblical Abraham. 
As for the descendants of Isaac, we 
propose to follow the Cohen Modal 
Haplotype Hypothesis (CMH) [Skorecki 
et al. 1997] and to look at the Jewish 
Kohanim who have maintained the 
Abrahamic lineage on paper trail 
through the paternal relation of Aaron, 
Amram, Kehat, Levi, Jacob and Isaac to 
the highest credible degree among the 
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Jewish tradition. While being Jewish is 
not genetically defined, being Cohen is 
a genetic lineage exclusively passed 
from father to son starting with the 
biblical Aaron, who, according to 
tradition, was the first "High Priest". On 
this vein, the identified CMH with 
either J1e or J2a as the possible Cohen 
clusters [Klyosov 2009] may have 
originated before the Jewish exile at the 
time of the Roman Empire. This 
specific research result however 
indicates that only about 48% of 
Ashkenazi Kohanim and 58% of 
Sephardic Kohanim share the J1 CMH 
[Skorecki et al. 1997]. 
Since the biblical tradition of the Cohen 
family among the so called 
"Samaritans" indicates only one 
Israelite Cohen having been sent back 
as teachers by the King of Assyria from 
Assyrian exile to the Northern Kingdom 
of Israel, i.e., to Samaria1, we suggest to 
include detailed paper trails of the 
Samaritans who comprise of only four 
distinct lineages [Cazes et al. 1984] 
with a Cohen lineage from the tribe of 
Levi [Ben Zvi 1957] carrying the 
Haplogroup E3b1, defined by M78 
[Shen et al. 2004]. According to 
Samaritan tradition, we would be able 
to compare descendants of ancient 
tribes of Menasseh and Ephraim (sons 
of Joseph) and Levitical priests from 
Shechem who claim to be of the ten lost 
tribes of Israel that remained in Israel 
after the Assyrian conquest (722–721 
BCE) [Talmon, 2002] with the common 
CMH. 
 
Establishing the genealogic link 
between Abraham's son Ismail and 
Mohammed, the founder of the Islamic 
tradition, critically depends on the 
founder's claim to be a descendant from 
Abraham through Hashim, Quraish, 

                                                
1 2 Kings 17:27–28 

Kinanah, and Ismail [Bukhari 1996]. In 
analogy to the CMH, it is suggested to 
establish the Y-chromosomal haplotype 
of Mohammed's descendants who 
represent a contemporary group of 
individuals with genealogical paper 
trails (Fig. 1) connecting to 
Mohammed's daughter Fatima. 
 
This distinct group is the so called "Ahl 
Al-Bait" (People of the House)2 which 
however are multiply defined within the 
Islamic tradition3. For the purpose of 
the here-suggested context we define 
the Ahl Al-Bait Haplotype Hypothesis 
(AAB-MH) as the Y-chromosomal 
haplotype of Mohammed. 
 

 
 

Figure 1: Typical paper trail of Ahl Al-Bait 
 

                                                
2  Quran 33:32–34 
3 "People of the House" refers to the family or 
children of a person. In Islamic terminology 
there is significant consensus that it refers to the 
immediate family of Mohammad, i.e., to his 
progeny. 
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Since Mohammed had no recorded 
surviving sons, the Y-chromosomal 
lineage is broken at the very foundation 
of the Ahl Al-Bait. The only descendant 
of Mohammed who has a documented, 
unbroken lineage to contemporary male 
individuals is Mohammed's daughter 
Fatima through her sons Hassan and 
Hussein. 
Because of the independence of the Y-
chromosomal inheritance, the AAB-MH 
holds by considering Hassan and 
Hussein's father Ali who, according to 
tradition, was Fatima's paternal second 
cousin, i.e., Ali and Mohammed are 
supposed to share the same paternal 
grandfather and thereby an identical Y-
chromosome. 
A total of 50 DNA samples will be 
taken from the Hijaz region4 known as 
an Ahl Al-Bait cluster since the 
foundation of Islam as well as from 
male individuals of the six inhabited 
continents Asia, Africa, North America, 
South America, Europe, and Australia 
with corresponding paper trails. 
 
3. DISCUSSION 
Assuming an unambiguous AAB-MH 
result it will enable to further 
materialize the Islamic tradition of Ahl 
Al-Bait. Nevertheless, even if the AAB-
MH matches with the CMH J-cluster or 
the Samaritan Cohen Haplotype E3b1, 
the common ancestry of Judaism and 
Islam with the biblical Abraham cannot 
be materialized to the extent of certainty 
but may remain subject to the collective 
conviction of each respective tradition. 
This is because of the differing claims 
within the Jewish tradition as to which 
tribe is actually in Y-chromosomal line 
with Abraham, i.e., the common CMH 
or the Samaritan Cohen Haplotype. 
                                                
4 literally "the barrier" primarily defined by the 
cities Mecca, Medina, Taif in the current 
"Kingdom of Saudi Arabia" 
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ABSTRACT 
The presence of heavy metals in our environment has been of great concern because of their 
toxicity when their concentration is more than the permissible level.  
This work aims to measure the contamination of a pelagic fish of the Bay of Oran; Sardinelle 
Sardinella aurita. It was collected during six months from May to October 2005. 400 
concentrations of heavy metals (lead and zinc) were determined after wet digestion by atomic 
absorption spectrophotometry with flame in the gonads of which are the organs of reproduction. 
Les results show that metal concentrations are below the maximum permissible doses. This 
observation does not diminish the potential risk to human in the long term. 
 
Key words: trace metals, Sardinella aurita, Bay of Oran 

 

	  

INTRODUCTION 
According to the UN-Group of Experts 
on the Scientific Aspects of Marine 
Pollution (GESAMP), marine pollution is 
the introduction by men, directly or 
indirectly, of substances or energy to the 
marine environment resulting in 
deleterious effects such as: hazards to 
human health; hindrance of marine 
activities, including fishing; impairment 
of the quality for the use of seawater, and 
reduction of amenities. 
Due to industrialization, the number of 
factories and population has increased 
rapidly. Massive amounts of domestic 
wastewater and industrial effluents are 
transported by rivers and discharged into 
the sea, contaminating rivers and coastal 
waters [cf. Gibbs 1995]. Such 
anthropogenic pollutants are the main  
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sources of heavy metal contaminants in 
the ocean [cf. Eromosele et al.; 1995; 
Chernoff et al. 1979]. 
Toxic metals may normally be present in 
the body in very low levels, but 
continuous exposure or metabolic 
abnormalities can cause accumulation of 
heavy metals in body tissues, and 
subsequently, in the brain. 
Many of these elements are essential to 
the body in very low concentrations such 
as zinc which is an essential component 
of many enzymes but in high 
concentrations these can be toxic. Some 
heavy metals have no essential function 
in the body (e.g., mercury and lead) 
where any concentrations can be harmful. 
The aim of the present study is to 
determine the concentrations of lead (no 
essential metal) and zinc (essential metal) 
in gonad of fish species of the 
Mediterranean Sea (coastline of Oran, 
Algeria) using flame atomic absorption 
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spectrometry. The fish species used in 
this study were Sardinella aurita. Several 
techniques have been used for 
determination of metal concentrations in 
fish species such as flame atomic 
absorption spectrometry [Bermejo-
Barrera et al. 2001], graphite furnace 
atomic absorption spectrometry [Botson 
et al. 2004], electro-thermal atomic 
absorption spectrometry [Mendez et al. 
2002], inductive coupled plasma 

[Petisleam et al. 2005], and mass 
spectrometry [Sanchez et al. 2003]. 
 
MATERIALS AND METHODS 
The Bay of Oran is located on the west 
coast of Algeria. It is between the Bay of 
Andalusia and the Gulf of Arzew (Figure 
1): 
 
 

 

 
Figure 1: Geographical position Bay of Oran 

 
According to Benmessaoud [2010], more 
than 90 million cubic meters of 
wastewater is discharged annually on the 
shores of the coast of Oran. 
Sardinella aurita was selected for the 
present study and collected during six 
months from May to October 2005. After 
measurements, gonads were weighed and 
frozen until their chemical analysis. We 
opted for the wet mineralization as 
opposed to the dry mineralization 
because it can eliminate errors due to loss 
of volatiles organometallic during drying 
[cf. FAO 1977]. 
Wet mineralization of samples was 
performed by the method of Amiard et 

al. [1987] using a mineralizator type 
VELP (Figure 2 and 3): 
 

 
 

Figure 2: Mineralizator (VELP) 
(Laboratoire Réseau de surveillance 
environnementale, University Oran) 
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Sample 1g 
 

1 ml of nitric acid 
Temperature:  95°C 

 
mineralization 

 
adjusted to 4 ml of bidistilled  H2O 

 
Analysis with the Atomic Absorption 

Spectrophotometer with Flames. 
 

Figure 3: Protocol of mineralization 
according to Amiard et al. [1987] 
 
1 ml of nitric acid is added to 1 g of 
sample and then adjusted to 4 ml of 
bidistilled water after one hour at 95°C. 
A biological sample of Mediterranean 
fish, provided by the International 
Agency for Atomic Energy (IAEA) and 
coded 350 was used as standard. It is 
used to validate the tests. Analyses were 
performed with the Atomic Absorption 
Spectrophotometer with Flames 'Perkin 
Elmer, Analyst 100' (Figure 4): 
 

 
 

Figure 4: The Atomic Absorption 
Spectrophotometer with Flames 

 
A total of 400 analyses were performed. 
 
RESULTS AND DISCUSSION 
The results of analysis indicated that the 
concentrations of lead in all examined 
tissues varied from 0.22 mg/kg to 0.45 
mg/kg and the zinc between 4 mg/kg 
from 6.5 mg/kg as shown in Figure 5: 
 
 
 
 
 

 
 

Figure 5: The monthly average concentration of lead and zinc in gonads of Sardinella aurita 
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The values of zinc were higher than that 
of lead. Indeed, zinc is an essential metal 
[cf. Lafabrie 2007] which is involved in 
many physiological processes and is 
essential to the life of a large number of 
organisms [cf. Rengel 1999]. 
The month of July recorded the 
maximum concentration for lead and 
zinc. 
Similar results were found in other 
aquatic organisms in bay of Oran like the 
Boops boops, Mullus barbatus , Sepia 
officinalis and the Merlucius Merlucius.  

This observation may be explained by the 
increase of temperature of seawater, 
which is highest during the month of July 
in Algerian waters [cf. Boutiba 1992]. 
Indeed, when the water temperature 
increases, fish are more active and absorb 
more water (and contaminants) that 
passes through their gills, skin and their 
digestive tract [cf. Cossa et al. 1989]. 
The females showed higher 
concentrations of heavy metals than 
males (Figure 6): 

 

 
 

Figure 6: The average concentration of lead and zinc in gonads of Sardinella aurita 
 
This increase may be attributed to the 
higher tendency of accumulation by 
ovaries rather than testes. The 
concentration increased with the increase 
in the gonado-somatic index, whereas the 
higher values of the gonado-somatic 
index (GSI) showed higher 
concentrations of heavy metals. Other 
research in many aquatic organisms such 
as crustacean Nephrops norvegicus 
showed that the sex is an important factor 
for heavy metal levels where females 

accumulated higher values than males. 
According to Mortet [1988], an ovarian 
sequence for Sardinella aurita begins in 
the Bay of Oran to the beginning of July. 
It is characterized by an intense 
vitellogenic activity. Vitellogenesis is 
accompanied by an accumulation of 
reserves for the growth of eggs, but at the 
same time, by the metallic pollutants 
found in the biota [cf. Mortet 1988]. 
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The average rates for lead and Zinc in our 
samples of Sardinella aurita are very low 
compared to the maximum permissible 
dose recommended by the IOPR 1996:  
 
Table 1: Permissible dose recommended 

by the IOPR 1996 
 
 Pb  Zn  
S. aurita 0.32 4.95 
DMA (fish) 0.5 <100  
 
CONCLUSION 
The concentrations of metals detected in 
the gonads of sardinella suggest 
contamination of the food chain and 
especially phytoplankton and 
zooplankton which is the favorite food of 
the sardinelle.  
In effect, the work of Ennouri et al. 
[2008] on metal contamination of the 
sardinella in Tunisian coast, affirm that 
the concentrations of zinc in the organs 
of sardinella are 8 x higher than 
concentrations in zooplankton. 
This may be due to the higher position 
occupied by sardinella in the food chain. 
Accordingly, planktivorous fish 
accumulates metals following their 
bioavailability in the environment. 
The origin of metal pollutants detected in 
the organs of Sardinella aurita in the Bay 
of Oran is due to multiple reasons: 
absence of a sufficient number efficient 
purification systems [cf. Boutiba et al., 
2003] and the use the anti-fouling paints 
on the hulls of boats for limiting the 
fixing of marine organisms. 
To manage and control water pollution, it 
is suggested to study more about the 
distribution and the treatment of 
contaminants. Moreover, treatment of 
wastewater is a determining factor to 
ensure that wastewater containing 
pollutants are not rejected directly into 
the sea. 

Despite metal pollution in the Bay of 
Oran, the levels of micropollutants 
detected in the organs of sardinelle are 
relatively low. 
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ABSTRACT 
The bglA-gene, encoding a b-glucosidase from Listeria monocytogenes has been cloned by 
complementation of an Escherichia coli bglB mutant. The primary sequence of bglA comprised 
471 amino acids and showed strong overall homology to known bacterial glycosyl hydrolases. 
The bglA gene was preceded by a highly conserved binding motif for a ribonucleic 
antiterminator (RAT) which overlapped a rho-independent terminator sequence. A plasmid 
harboring the bglA gene expressed a unique polypeptide of 54 kDa as determined by maxi-cell 
analysis which was in excellent correspondence with its predicted molecular weight. Purified 
recombinant BglA exhibited enzymatic activity on o-nitrophenyl-b-D-galactopyranoside 
(ONPG) with a Michaelis constant KM of 9.71 x 10-4 M for this substrate. Using RT-PCR low 
levels of transcription of the bglA-gene in L. monocytogenes was detected in Luria-Bertani (LB) 
broth cultures growing in LB broth alone. An isogenic bglA-deficient mutant was not deficient 
for glucosidase production indicating the presence of other genes with b-glucosidase activity in 
L. monocytogenes. PCR analysis revealed that bglA gene was present in the non-pathogenic 
strains L. seeligeri, L. innocua , and L. welshemeri as well but absent in L. grayi and in the 
animal pathogen L. ivanovii. In concordance with data presented above, low stringency 
hybridizations with a bglA specific probe indicated the presence of additional bglA-like 
sequences in the L. monocytogenes genomes. 
 
Key words: Listeria monocytogenes, beta-glucosidase, protein purification 

 

1. INTRODUCTION	  

Members of the genus Listeria are gram-
positive ubiquitous living bacteria 
isolated from soil, water, and decaying 
plants. Their primary habitat is decaying 
vegetation where these bacteria grow 
saprophytically. DNA-DNA 
hybridization studies, 16S rRNA 
sequencing and multilocus enzyme 
analysis demonstrate that this genus 
comprises two lines of descent: one 
comprises L. monocytogenes and the 
genomically closely related species L. 
innocua, L. ivanovii, L. welshimeri, and 

L. seeligeri while the other contains a 
single species, L. grayi. L. 
monocytogenes is known to be a human 
and animal pathogen whereas L. ivanovii 
is only pathogenic for animals. All of the 
other members of these species are non-
pathogenic (Waminathan, et al. 1995). L. 
monocytogenes, a facultative intracellular 
bacterium, is the causative agent of 
listeriosis. Infection can occur in 
predisposed persons such as the elderly, 
the immunocompromised or the unborn 
and is usually preceded by consumption 

*Corresponding author: adarbouche@hotmail.com	  
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of Listeria-contaminated foodstuffs such 
as soft cheese or unpasteurized milk 
(Farber and Peterkin 1991). The 
infectious process of L. monocytogenes 
can be separated into different steps 
including adhesion, invasion, escape 
from a phagolysomal compartment, 
intracytosolic replication, actin-based 
intracellular motility and cell-to-cell 
spread. Many of the genes required for 
intracellular survival and growth have 
been identified and found to be clustered 
on the listerial chromosomee 
(Chakraborty and Wehland 1997; Ireton 
and Cossart 1997). These include the 
internalins (InlA, InlB), lysteriolysin 
(Hly), two phospholipases (PlaC, PlcB) 
with differing specificities, a 
metalloprotease (Mpl) ant the actin 
nucleating factor ActA. All of these 
virulence factors are coordinately 
regulated by the transcriptional activator 
protein PrfA (Portnoy et al. 1992). 
The ability of Listeria in food and 
environmental samples to the hydrolysis 
of the plant β-D-glucoside esculin (6,7-
dihydroxy-coumarin-β-D-glucoside) has 
become a widely-used tool in the 
differenciation of this species. This sugar 
is hydrolyzable by all Listeria species to 
β-D-glucopyranose and 6,7-
dihydroxycoumarin (esculetin) and in the 
presence of Fe3+ a black halo of a 
esculetin-Fe3+-complex is detectable 
around bacterial colonies exhibiting β-D-
glucosidase activity (Cowart and Foster 
1985; Curtis et al. 1989; Edberg et al. 
1977; Fraser and Sperber 1988; James et 
al. 1997; Siragusa et al. 1990; Trepeta 
and Edberg 1987). Carbonhydrates also 
play important roles for bacteria in 
survival in the environment in adaptive 
responses. The various sugar 
phosphotransferase systems and 
regulated osmoregulative processes 
contribute to optimized growth of the 
bacteria in different ecological niches 

(Reizer 1989; Saier 1989; Stock et al. 
1989). 
Recently, evidence has been accruing to 
implicate the role of different sugars in 
the regulation of virulence factors in L. 
monocytogenes. Thus, both the 
expression of listeriolysin (hly) and the 
phosphatidylinositol-specific 
phospholipase C (plcA) was shown to be 
repressed by cellobiose whereas arbutin, 
a phenolic β-Dglucoside was shown to 
regulate listeriolysin expression alone 
(Park 1994; Park and Kroll 1993). It has 
also been demonstrated that the 
utilization of glucose-1-phosphate was 
PrfA-dependent and coordinately 
expressed with virulence factors in this 
pathogen (Ripioet al. 1997). 
Nevertheless, data by Milenbachs and 
colleagues indicate that the 
concentrations of cellubiose and other 
sugars used as supplements in the culture 
medium significantly enhanced growth of 
L. monocytogenes, suggesting that the 
repression phenomenon probably results 
from a metabolic effect of sugar 
utilization rather than a signal-sensing 
response (Milenbachs et al. 1997). 
In this study we have identified a b-
glucosidase from L. monocytogenes with 
significant overall sequence homology to 
members of the family of glycosyl 
hydrolases. We present evidence for the 
genetic organization of the isolated gene, 
designated bglA, enzymatic activity of 
purified recombinant BglA, and its 
expression under various conditions of 
growth. 
 
2. MATERIALS & METHODS 
2.1 Bacterial strains, media, and 
reagents 
The weakly hemolytic Listeria 
monocytogenes strain EGD serotype 1/2a 
was originally obtained from G. B. 
Mackaness and described previously 
(Kaufmann 1984). The strain served as 
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the parental strain for cloning of bglA and 
construction of the isogenic ΔbglA2 
deletion mutant. The listerial strains L. 
innocua, L. ivanovii, L. welshimeri, and 
L. grayi were obtained from Seeligers 
Listeria Culture Collection (SLCC ; 
Institute for Medical Microbiology and 
Hygiene , Mannheim, Germany). Listeria 
strains were grown in brain heart infusion 
broth (BHI, DIFCO) at either 28°C, 
37°C, or 42°C and 5 µg of erythromycin 
per ml was added as it was appropriate. 
E. coli strain INVαF’ [end, rec, 
hsdR17(r-k, m+k), supE44, λ−, thi-1, gyrA, 
relA1, φ80, lacZαΔ(lacZY-argF), deoR+, 
F-] (Invitrogen, Netherlands) was used 
for cloning and transformation. It was 
cultured in Luria-Bertani (LB) and 
supplemented either with 100 µg 
ampicillin per ml for multiplication of 
pCRII plasmids (Invitrogen) or with 300 
µg erythromycin per ml multiplication of 
suicid plasmid pAUL-A (Chakraborty et 
al. 1992) and its derivates. 
Complementation analysis of an E. coli 
bglB mutation was performed using 
strain MA 223 and was indicated by 
colony color on Mac Conkey arbutin 
plates (Mahadevan et al. 1987a).  
Maxicell analysis of plasmid-encoded 
polypeptides was performed with E. coli 
CSH26ΔF6 strain [ara thi Δ(lac-
pro)Δ(recA-srlF6)rpsL] (Domann et al. 
1991). 
Restriction analysis and plasmid 
constructions were done by standard 
techniques as outlined by Sambrook at al. 
(Sambrook et al. 1989). Chemical 
reagents were purchased from SGMA 
(Deisenhofen, Germany) and MERCK 
(Darmstadt, Germany), unless indicated 
otherwise. 
 
2.2 Determination of nucleic acid 
sequence 
The DNA sequence of the cloned L. 
monocytogenes DNA was determined 

from double-stranded plasmid templates 
by dideoxy-chain termination (Sanger et 
al. 1977). Double-stranded templates 
were denatured, and the sequencing 
reactions were carried out with T7 DNA 
polymerase as suggested in the “Plsmid 
FdATP+AutoreadKit” from Pharmacia 
(Freiburg, Germany). Sequencing 
reactions were primed from vector- and 
custom-made oligonucleotide primers 
labeled at their 5’ end with the 
fluorescent carbocyamine dye Cy5 from 
Pharmacia. The labeled reaction mixtures 
were separated by electrophoresis on 6% 
Hydrolink Long Ranger gels and 
sequences were automatically detected by 
a red helium neon laser (633 nm) and 
fixed photodiodes in the ALFexpress 
DNA sequencer and analyzed in the 
fragment analysis system from 
Pharmacia as outlined by the vendor. 
 
2.3 Homology studies 
To search for homologies of BglA with 
polypeptides published in different data 
bases we used the BLASTP (Altschul et 
al. 1990) and FASTA (Pearson et al. 
1988) programs within the Heidelbeg 
Unix Sequence Analysis Resources-
Genetics Computer Group 5HUSAR-
GCG) environment at the Deutsche 
Krebsforschungs Zentrum, Heidelberg, 
Germany. Additionally, for comparing 
the primary peptide sequences of β-
glucosidases derived from several 
microorganisms with the bglA gene 
product CLUSTAL V (30° and BESTFIT 
(Rechid et al. 1989) were used. The 
phylogenic tree was generated with the 
sequence analysis software Lasergene-
MEGALIGN (DNASTAR Inc., Madison, 
U.S.A.). 
 
2.4 PCR amplification 
Specific DNA fragments from bacterial 
strains were amplified by the polymerase 
chain reaction (PCR) (Mullis and 
Faloona 1987). The specific synthesis of 
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the bglA genes from Listeria strains had 
been run on the GeneAmp PCR 2400 
from Perkin Elmer (Langen, Germany) 
and had been carried out with the 
AmpliTaq® DNA polymerase under 
conditions described previously (Innis et 
al. 1990). A typical amplification profile 
started with an initial denaturation step at 
94°C for 20 seconds, hybridization of the 
specific oligonucleotides to the denatured 
template at 55°C for 30 seconds, and 
extension of the annealed primers at 
72°C for 90 seconds. This cycle was 
repeated 25 fold and the amplification 
profile was completed with a final 
extension step at 72°C for 5 minutes. In 
order to fuse the bglA gene with 
glutathione S-transferase 5GST° for 
purification of the gene product, a 
specific bglA DNA fragment was 
amplified by PCR using the ULTma® 
DNA polymerase (Perkin Elmer) with a 
proof reading activity and plasmid 
pAUL-44 as template under conditions 
described above. The corresponding PCR 
product was cloned into the expression 
vector pGEX-6P-1 of the GST Gene 
Fusion System (Pharmacia, Freiburg, 
Germany). 
 
2.5 Southern hybridization 
Listerial chromosomal DNA was isolated 
after the lysis of the bacteria 
(Schäferkordt et al. 1998). A total of 10 
µg of the DNA was digested with either 
EcoRV, HindIII, MunI, or XbaI 
restriction endonucleases. The digested 
DNA was electrophoresed on a 0.7% 
agarose gel for approximately 16 h 
(30V), after which the DNA was 
transferred to nylon membrane sheets 
(QIAbrane; QIAGEN, Hilden, Germany) 
as described by southern (Southern 
1975). Hybridization was carried out 
under conditions of low stringency as 
described previously (Leimeister-
Wächter and Chakraborty 1989). DNA 
probes were labeled with [α-32P]dATP by 

the random priming technique of 
Freiberg and Vogelstein (Feinberg and 
Vogelstein 1983). 
 
2.5 RNA isolation and reverse 
transcription (RT) PCR 
For detection of a bglA-specific transcript 
bacteria were cultivated in Luria Bertani 
(LB) broth supplemented with 0.5% of 
arbutin, or salicin and with 1% of 
cellobiose, galactose, glucose, 
mannoside, rhamnose, sucrose or xylose 
(Sigma). Bacterial RNA was isolated 
from growing cultures (optical density at 
A600 of 1.0) of L. monocytogenes by the 
hot phenol extraction method 
(Leimeister-Wächter et al. 1990). For 
detection of a bglA-specific transcript 
during infection of host cells infected 
tissue culture cell lines were harvested 
and total RNA from eukaryotes and 
bacteria was isolated as described above. 
Copy DNA (cDNA) was generated by 
using the SuperScriptTM preamplification 
system for first strand cDNA (Life 
Technologies, Eggenstein, Germany). 
The PCR for amplification of bglA-
specific sequences was done with 
oligonucleotides [A] 5’- 
CTTCCATCGCTTGGTCCCGTATC-3’ 
and [B] 5’-TCAAGTCAA 
CGCCATCTTTAATCG-3’. As control 
we amplified listeriolysin-specific DNA 
sequences with oligonucleotides [C] 5’-
GCAGTTGCAAGCGCTTGGAGTGAA
TGC-3’ and [D]-
5’CTATATTTCGGATAAAGC 
GTGGTGCCCC-3’. 
 
2.6 Construction of the chromosomal 
in-frame deletion mutation bglA2 
An in-frame deletion mutation in the 
bglA gene was generated as described 
(Chakraborty et al. 1995, Schäferkordt et 
al. 1998). The truncated ΔbglA2 
polypeptide lacked the amino acid 
residues 31 to 436 amino acid residues or 
86% of the entire gene (Fig. 1). The gene 
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deletion was confirmed by PCR 
sequencing of chromosomal DNA from 
ΔbglA2 mutant strain and Southern 
hybridization (data not shown). 
 
2.7 Cloning and purification of the 
recombinant β-glucosidase in E. coli 
A DNA fragment, encoding the mature 
β-glucosidase and lacking the predicted 
N-terminal signal peptide of 19 amino 
acid residues (Fig. 1), was specifically 
amplified by PCR employing the 
oligonucleotides GST/bglA-BamHI 5’-
GCTGCTGCTGGATCCCAATTCGA 
AGGCGCT-3’ and GST/bglA-MunI 5’-
TCAAAAGCCAATTGAGAGCCAGTG
AG-3’. The PCR product was digested 
with BamHI and MunI restriction 
endonucleases and cloned into the 
BamHI and EcoRI restriction 
endonuclease sites of vector pGEX-6P-1, 
allowing direct N-Terminal fusion of 
gluthatione S-Transferase and a 
PreScissionTM protease cleavage site 
(human rhinovirus 3C protease) to the N-
terminus of BglA. 
In order to purify the β-glucosidase, this 
plasmid pGST-bglA was transformed into 
E. coli strain BL21 5AGS, Heidelberg, 
Germany). 100 ml of LB broth (100 
µg/ml ampicillin) was inoculated with the 
recombinant strain and was cultivated at 
37°C under vigorous shaking overnight. 
One liter of LB broth (100 µg/ml 
ampicillin) ina 2 liter Erlenmeyer flask 
was inoculated with the overnight culture 
and incubated at 37°C under vigorous 
shaking, until the optical density A600 
reached 0.8. The expression of GST/bglA 
gene fusion was induced by adding IPTG 
to a final concentration of 1mM. The 
culture was grown for additional 3 hours 
and then harvested by centrifugation. 
Lysis of harvested bacteria was obtained 
by using a French® pressure cell press 
and purification of the induced fusion 
protein and removal of GST was done as 

specified by the vendor (Pharmacia; GST 
Gene Fusion System Manual, Third 
Edition, Revision 1). The concentration 
of the purified BglA protein was 
determined according to the BCA Protein 
Assay from PIERCE (Pockford, USA). 
 
2.8 β-glucosidase activity on ONPG 
and esculin 
Purified BglA polypeptide was measured 
for β-glucosidase activity and for 
determination of Michaelis constant KM 
using o-nitrophenyl β-D-
galactopyranoside (ONPG) as substrate 
as previously described for β-
galactosidase activity (Phillips 1994). 
Briefly, the purified BglA protein was 
added in a concentration of 40ng/µl to a 
final volume of 1 ml Z-buffer (0.1 M 
sodium phosphate pH 7.0, 10 mM KCl, 1 
mM MgSO4, 50 mM mercaptoethanol) 
containing ascendant (by steps of 0.2 
mg/ml until 4 mg/ml) concentrations of 
ONPG. The solution was incubated at 
28°C for 30 minutes and the reaction was 
terminated by addition of Na2CO3. The 
optical density of the solution was 
determined in a spectrophotometre 
(Pharmacia) at 420 nm. Determination of 
the maximal velocity Vmax and the 
Michaelis constant KM were done in a 
plot of the reaction velocity as a function 
of the substrate concentration and a 
double-reciprocal plot of enzyme kinetics 
(Lineweaver-Burk plot), respectively. 
Esculinase- (β-glucosidase-) activity 
from Listeria strains was carried out with 
modified Oxford agar plates. Oxford agar 
base was supplemented only with esculin 
(Sigma) and ferric ammonium citrta 
(Merck), lacking all of the other 
recommended chemicals as described 
recently for the specific isolation of L. 
monocytogenes (Curtis et al. 1989). The 
agr plates were incubated at 37°C for 
variable time periods. Esculinase- (β-
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glucosidase-) positive strains showed a 
black halo around bacterial colonies. 
 
2.9 In vitro invasion assay 
PtK2 cells (ATCC CCL 56) were cultured 
in minimum essential medium 5MEM; 
Gibco) supplemented with 8% fetal calf 
serum, glutamine, and nonessential 
amino acids in the absence of antibiotics 
and were infected with both wild-type 
EGD and ΔbglA2 strains as described 
(Domann et al. 1997). 
 
2.10 Mouse virulence assay 
The mouse bioassay was performed as 
described by Nichterlein et al. 
(Nichterlein 1994). 
 
 
2.11 Nucleotide sequence accession 
number 
The nucleotide sequence data reported in 
this publication have been submitted to 
EMBL 5Cambridge, United Kingdom) 
and assigned the accession number 
Y11532 (Listeria monocytogenes bglA 
gene). 
 
3. RESULTS 
3.1 Cloning and sequencing of the 
Listeria monocytogenes bglA gene 
A gene library comprising listerial DNA 
inserts cloned into the pAULA vector 
(Schäferkordt et al. 1998) was 
transformed into the bglB mutant strain 
MA 223 (Mahadevan et al. 1987a) and 
colonies selected for fermentation 
properties on arbutin-containing 
MacConkey agar plates. Several colonies 
showing weak activities were obtained, 
all of which were found to harbor a 7.5 
kb HindIII insert. Nucleic acid 
sequencing of subclones obtained from 
this insert indicated the presence of 
regions with strong sequence homologies 
to bacterial β-glucosidases, enzymes that 
are known to hydrolyze the glucosidic 

bond between two or more carbohydrates 
or between a carbohydrate and a non-
carbohydrate moiety. We localized the 
corresponding bgl gene from L. 
monocytogenes to a 2423 bp long MunI 
restriction endonuclease DNA fragment 
from plasmid pAUL-44 and determined 
its entire nucleic acid sequence (Fig. 1). 
An open reading frame, designated bglA 
was detected between positions 832 and 
2247 of the sequence. It was preceded by 
a putative ribosome binding site (RBS) 
located 8 bp upstream of its initiation 
codon ATG. Additionally, a sequence of 
dyad symmetry resembling a rho-
independent terminator (Platt 1986) was 
located immediately downstream of the 
termination codon suggesting that this 
gene was transcribed monocistronically. 
The stability of the stem-loop structure 
was predicted with a free energy of ΔG = 
-23.7 kcal/mol (Zuker 1989). The 5' 
upstream region of the bglA gene 
exhibited a sequence motif, termed 
ribonucleic antiterminator (RAT), which 
is strongly conserved in sequence and in 
position in the leader regions of the 
levansucrase gene sacB and the sucrase 
operon sacPA from Bacillus subtilis and 
the β-glucoside operon bgl from 
Escherichia coli (Aymerich and 
Steinmetz 1992). The strongly conserved 
RAT sequence in the upstream region of 
bglA was 31 bp long extending from 
positions 704 to 734 and overlapped with 
an extended stem-loop structure which 
spanned nucleotides 731 to 789 (Fig. 1). 
The predicted stability (Zuker 1989) of 
the proposed RAT structure (ΔG = -12.5 
kcal/mol) was much lower than that of 
the associated terminator structure (ΔG= 
-30.7 kcal/rnol).  
The reading frame encoding the putative 
β-glucosidase BglA comprised 471 amino 
acid residues with a calculated molecular 
mass of 53,646. Two potential signal 
peptidase II cleavage sites at the N-
terminal end which were in close 
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agreement with the (-3-1) rule (Von 
Heijne 1984) were located between 
amino acid residues 18/19 and 19/20 
(Fig. 1). The isoelectric point (pI) of the 
bglA gene product was calculated to be 
4.73, indicating that BglA was an acidic 
protein. The upstream region of the bglA 
gene encodes a proline-rich protein with 
399 amino acid residues and a calculated 
molecular weight of 43 kDa, which 
harbors a signal peptide and a putative 
membrane anchor. It exhibited weak 
sequence homologies to the fibronectin 
binding protein of Staphylococcus 
aureus. The downstream region encodes 
a small protein with 16 kDa which 
showed strong sequence homologies to 
the probable thiamin-phosphate 
pyrophosphorylases (EC 2.5.1.3) from 
Helicobacter pylori and Haemophilus 
influenzae (data not shown).  
 
3.2 Homologies and phylogenetic tree 
of β-glucosidases from several 
microorganisms 
The primary amino acid sequence of the 
bglA gene product was used to search 
protein data bases for homologous 
polypeptides employing BLASTP 
algorithm (Altschul et al. 1990) within 
the HUSAR environment. Homologies to 
BglA from L. monocytogenes were found 
among members of the tribes of eucaria 
(plants and humans) and bacteria with the 
strongest homologies to bacterial β- 
glucosidases (fig. 2). A phylogenetic tree 
for these β-glucosidases was generated 
and is depicted (data not shown). An 
unexpected result was that BglA from L. 
monocytogenes built up its own branch, 
along with AbgA from Clostridium 
longisporum (Brown and Thomson 
1998). Of the four main branches of this 
phylogentic tree derived, this branch 
seems to be the most ancient. Based on 
the algorithm of the software of 
MEGALIGN from DNASTAR the age 
was calculated to be more than 500 

million years. Despite the distances 
among these β-glucosidases the two 
conserved catalytic residues, a 
nucleophile and an acid catalyst (proton 
donor), are highly conserved (data not 
shown).  
 
3.3 Detection of the bglA gene product 
To identify the gene product encoded by 
the cloned  
bglA gene in E. coli, a PCR product with 
the oligonucleotides [E] 5'- 
TCAACGGTAGTAGAA GCTGATTC-
3' and [F] 5'- 
TCAAAAGCGGATCCAGAGCCAGTG
AG-3' was generated from plasmid 
pAUL-44. This amplicon contained the 
reading frame corresponding to the bglA 
gene and flanking sequences and was 
cloned into pCRII vector plasmid 
(pCRII-bglA) and was transformed into 
the E. coli CSH26ΔF6 maxicell strain. 
Polypeptides encoded by pCRII-bglA and 
the vector plasmid pCRII were detected 
by radioactive labeling with 
[35S]methionine. A unique 54-kDa 
polypeptide was expressed in the strain 
carrying pCRII-bglA. An additional faint 
band with a calculated molecular weight 
of 38 kDa, most likely a degradation 
product of the BglA protein, was also 
detected (Fig. 3, lane 2). Syntheses of all 
of the other identifiable proteins detected 
are directed by the vector plasmid 
sequences (Fig. 3, lanes 1 and 2). As 
determined theoretically and 
experimentally the molecular weight of 
the bglA gene product was 54-kDa.  
 
3.4 Purification of the BglA 
polypeptide as a recombinant GST 
fusion protein in E. coli 
To study the biochemical characteristics 
of the BglA polypeptide from L. 
monocytogenes we expressed it in E. coli 
and purified it employing the 
recombinant GST gene fusion system 
from Pharmacia. The expression plasmid 
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pGEX-6P-1 allows the C-terminal fusion 
of a protein of interest to gluthatione S-
transferase (GST) and a PreScissionTM 
protease cleavage site. A specific 1.6-kb 
DNA fragment encoding the mature 
BglA polypeptide without ist 19 amino 
acid residues long signal peptide was 
amplified from template plasmid pAUL-
44 with the oligonucleotides GST/bglA-
BamHI and GST/bglA-MunI and was 
cloned into the BamHI and EcoRI 
restriction sites of the multiple cloning 
site of plasmid pGEX-6P-1 generating 
plasmid pGST-bglA. The fusion of the 
GST-gene and the bglA-gene and the 
correct nucleotide sequence of plasmid 
pGST-bglA was confirmed by nucleic 
acid sequencing (data not shown). This 
cloning strategy enabled us to fuse the 
mature BglA polypeptide to GST and to 
purify it as outlined by the vendor 
(Pharmacia). The fusion protein was 
composed of GST (29 kDa), a 
PreScissionTM protease cleavage site and 
the mature BglA polypeptide (51.6 kDa) 
with a calculated entire molecular weight 
of 80.6 kDa (Fig. 4A, lane 2). After 
cleavage of the GST- BglA fusion 
protein with the GST-fused 
PreScissionTM protease both GST and the 
protease were sedimented with 
glutathione sepharose 4B and pure BglA 
was recovered from the supernatant (Fig. 
4B, lane 1). A yield of 1.6 mg of purified 
BglA per liter bacterial culture volume 
was obtained using this method.  
 
3.5 Enzymatic activity on o-
nitrophenyl-β-D-galactopyranoside 
(ONPG) 
To determine the Michaelis constant KM 
of the purified β-glucosidase on ONPG, 
varying concentrations of the 
chromogenic substrate ranging from zero 
to 4 mg/ml in ascending steps of 0.2 
mg/ml were used (Fig. 5)(Phillips 1994). 
A saturation and the maximal velocity of 
the reaction was obtained at a 

concentration of 2.8 mg/ml of ONPG and 
at an optical density at A420 of 0.3. The 
Michaelis constant of BglA from L. 
monocytogenes under the conditions 
described in materials and methods was 
determined by a Lineweaver-Burk plot 
(56) to be 9.71 x 10-4 M (~ 1 x 10-3 M).  
 
3.6 Presence of the bglA gene in 
Listeria species 
An isogenic bglA deletion mutant was 
constructed to examine the role of the 
bglA gene in the physiology and 
virulence of L. monocytogenes. In order 
to identify flanking restriction 
endonuclease sites that could be used to 
generate the mutant, and to verify the 
colinearity of the DNA insert in pAUL-
44, chromosomal DNA was digested 
with restriction endonucleases HindIII, 
EcoRV, MunI, and XbaI, respectively, 
electrophoresed, and immediately 
transferred to a nylon membrane. A bglA-
specific DNA fragment of 0.98 kb was 
amplified from plasmid pAUL-44 as the 
template with the oligonucleotide pair 
[A] and [B] and served as the specific [α-
32P]dATP labeled probe in hybridization 
experiments. Restriction endonuclease 
mapping of the pAUL-44 recombinant 
had previously indicated that the bglA 
gene was located on a 7.5-kb HindIII and 
a 2.4-kb MunI restriction endonuclease 
fragment respectively; exactly these 
results were obtained using the 
mentioned enzymes. Additional 
restriction endonuclease analysis with 
restriction enzymes EcoRV and XbaI 
enabled us to locate bglA on a 9.0-kb 
EcoRV and a 13.8-kb XbaI chromosomal 
DNA fragment of L. monocytogenes. 
Overexposure of the autoradiogram 
revealed additional visible bands which 
were either of a higher or a lower 
molecular size than those described 
above. The digestion of the chromosomal 
DNA with EcoRV restriction enzyme 
revealed one faint additional band with a 
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calculated molecular size of 
approximately 10.1 kb. The digestion 
with restriction enzyme MunI revealed 
additional restriction fragments with 
calculated molecular sizes of 
approximately 0.75, 4.3, 12.0, and 14.5 
kb. The hybridization experiments 
performed indicate that the genome of L. 
monocytogenes may harbor further 
nucleic acid sequences with sequence 
homologies to the bglA gene (data not 
shown).  
The bglA deletion mutant was 
constructed as described in the Materials 
and Methods section. Since esculin 
fermentation is a diagnostic marker for 
Listeria spp. we compared the ability of 
the Δbgl2 mutant to ferment this sugar 
compared to the wild-type EGD on 
modified Oxford agar plates. No 
difference was observed indicating that 
BglA is dispensable for the hydrolysis of 
esculin and that L. monocytogenes must 
harbor at least one other β-glucosidase. 
No differences were also visible between 
the mutant and the wild type strain in 
tissue culture assays assessing adhesion, 
invasion, intracellular motility or cell-to-
cell spread or in the mouse model of 
infection (data not shown). 
In order to determine the presence of the 
bglA gene in pathogenic and 
nonpathogenic Listeria species, 
chromosomal DNA from L. 
monocytogenes, L. ivanovii, L. seeligeri, 
L. innocua, L. welshimeri, and L. grayi 
were used as a template to amplify bglA-
specific DNA fragments. The 
oligonucleotides [A] and [B] were used 
to amplify an internal 980-bp DNA 
fragment from the coding sequence of the 
bglA gene. In addition, the 
oligonucleotides [E] and [F] flanking the 
bglA gene were used to amplify a 2.12-kb 
specific DNA fragment. The 980-bp 
specific nucleic acid sequence 
representing the coding sequence of bglA 
was also present in the nonpathogenic 

strains L. seeligeri, L. innocua, and L. 
welshimeri (data no shown). However, 
for L. grayi, a 3.0 kb amplicon was 
detected instead of the expected 980 bp 
fragment. No bglA specific PCR product 
was detectable in the pathogenic strain L. 
ivanovii and the no pathogenic strain L. 
grayi, indicating that those strains lack 
the bglA gene (data no shown). The 2.12-
kb PCR product, specific for the bglA 
gene and its flanking regions from L. 
monocytogenes, was not detectable in all 
of the other Listeria strains, indicating 
that the flanking regions were not 
identical (data no shown).  
 
3.7 Detection of bglA-specific 
transcripts in L. monocytogenes 
We isolated the total RNA of PtK2 host 
cells infected with the wild-type EGD 
and examined for bglA- and hly-specific 
transcripts employing RT-PCR. No bglA-
specific transcript was detectable, 
whereas a listeriolysin-specific transcript, 
which is intracellular expressed and 
served as the positive control, was clearly 
detectable (data not shown). Hence, the 
bglA gene was not expressed intracellular 
in infected PtK2 host cells.  
RAT sequences present in the upstream 
region of the bglA gene in many species 
have been demonstrated to prevent 
transcription in the absence of an inducer. 
To identify putative inducers of the bglA 
gene we isolated the mRNA from L. 
monocytogenes grown in LB broth in the 
presence of the sugars xylose, sucrose, 
salicine, rhamnose, mannoside, glucose, 
galactose, cellobiose, or arbutin and 
looked for bglA- and hly-specific 
transcripts by RT-PCR (data not shown). 
This essay shows faint bglA-specific 
transcripts in the presence of xylose, 
mannoside, glucose and arbutin, 
indicating that under these conditions 
these sugars served, however, as weak 
inducers. No transcript was detected in 
the presence of sucrose, salicine, 
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rhamnose, galactose and cellobiose and 
in the LB broth without sugars (data not 
shown).  
 
4. DISCUSSION 
A gene encoding a β-glucosidase has 
been isolated from the bacterial pathogen 
Listeria monocytogenes. The bglA-gene 
encodes a protein of 54 kDa with 
enzymatic activity when assessed with 
ONPG as substrate. The bglA-gene was 
highly conserved in all Listeria species 
excepting the animal pathogenic strain L. 
ivanovii and L. grayi. In contrast no PCR 
amplicons were detected with primers 
derived from the flanking regions of the 
bglA gene in other Listeria species. The 
finding that oligonucleotides internal to 
the bglA gene gave amplicons for several 
species but these strains were negative 
when probed with bglA flanking 
oligonucleotides suggest that bglA has a 
different chromosomal location in 
Listeria strains, which are positive for the 
bglA gene. In L. monocytogenes the bglA 
gene is physically linked between a 
proline-rich protein with weak sequence 
homologies to the fibronectin-binding 
protein from Staphylococcus aureus and 
a probable thiamin-phosphate 
pyrophosphorylase from Helicobacter 
pylori and Haemophilus influenzae (data 
not shown).  
The 5'-region of the bglA gene harbors a 
sequence motif which is strongly 
conserved in sequence and in position in 
the leader regions of the β-glucosidase 
operon bgl from E. coli, the levansucrase 
gene sacB, and the sucrase operon sacPA 
from Bacillus subtilis, termed ribonucleic 
antiterminator (RAT) (Crutz et al. 1990; 
Mahadevan and Wright 1987b; Schnetz 
and Rak 1988; Shimotsu and Henner 
1986; Steinmetz et al. 1989). In the E. 
coli bgl-system the antiterrninator BglG 
is an RNA binding protein which 
enables, in its active dephosphorylated 
form, transcription of genes with RAT-

like sequences in their promoter regions. 
In the bgl-operon from E. coli and in a 
newly discovered β-glucoside utilization 
system (licH, licR) from B. subtilis the 
genes encoding an antiterminator are 
physically linked to the β-glucosidase 
genes (Houman et al. 1990; Tobisch et al. 
1997). However, induction of 
transcription also occurs in Trans when 
antiterminator and target sequences are 
physically separated as for example with 
the bglPH operon of B. subtilis (Le-Coq 
et al. 1995). Such RNA binding proteins 
are members of a growing BglG family 
of transcriptional antiterminators which 
have been described for B. subtilis licR, 
licT, sacT, and sacY, for Erwinia 
chrysanthemi arbG, and for Lactococcus 
lactis bglR (Bardowski et al. 1994; 
Debarbouille et al. 1990; El-Hassouni et 
al. 1992). Control of expression of the L. 
monocytogenes bglA gene is likely to 
resemble those already known for the bgl 
genes in E. coli and B. subtilis.  
Based on amino acid sequence 
comparisons BglA from L. 
monocytogenes is a member of the family 
one glycosyl hydrolases which occur in 
different living organisms. The strongest 
homologies were found to bacterial β-
glucosidases from gram-positive and 
gram-negative bacteria. A phylogenetic 
tree revealed that these β-glucosidases 
share a common ancestor which ramifies 
into four major branches approximately 
800 million years ago. An intriguing 
result is that most of the enzymes are 
comparatively young β-glucosidases and 
that BglA from L. monocytogenes 
belongs, along with the recently 
discovered AbgA from Clostridium 
longisporum, to the oldest branch in this 
tree. However, despite the distances 
among these β-glucosidases the two 
conserved catalytic residues, a 
nucleophile and an acid catalyst (proton 
donor), are highly conserved (Fig. 
2B)(Henrissat et al. 1995). Recently, 
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Sanz-Aparicio and colleagues determined 
the crystal structure of BglA from B. 
polymyxa providing detailed insights into 
the catalytic activity in the family one 
type of glycosyl hydrolases (Sanz-
Aparicio 1998). The data presented here 
indicates that BglA from L. 
monocytogenes is likely to exhibit the 
same catalytic mechanism which enables 
it to hydrolyze glycosidic bonds from 
several substrates.  
To examine if BglA is responsible for the 
diagnostic esculinase activity exhibited 
by L. monocytogenes, we generated a 
ΔbglA mutant strain and inoculated 
Oxford agar plates employing the 
esculin-ferric ammonium citrate indicator 
system (Curtis et al. 1989; Edberg et al. 
1977). Like the wild-type EGD, ΔbglA 
mutant strain showed black halos around 
bacterial colonies indicating β-
glucosidase- (esculinase-) activity (data 
not shown). In order to investigate 
potential inducers of the bglA gene, we 
cultivated wild-type EGD in LB culture 
broth where no bglA-specific transcript 
was detectable. Only in the presence of 
xylose, mannoside, glucose and arbutin 
in the growth medium we were able to 
detect expression of the bglA-gene. For 
routine biochemical differentiation of 
species within the genus Listeria, acid 
production from mannoside and from 
rhamnose is used to distinguish L. 
monocytogenes from other species 
(Swaminathan et al. 1995). The presence 
of mannoside revealed weak and that of 
rhamnose no transcription of the bglA 
gene, suggesting that more than one β-
glucosidase gene is required to exhibit 
these differentiating properties.  
Altogether, these results indicate the 
presence of more β-glucosidases within 
the genome of L. monocytogenes. In 
another gram-positive bacterium, B. 
subtilis, several genes and operons 
involved in β-glycoside utilization are 
known (Glaser et al. 1993; Leimeister-

Wächter and Chakraborty 1989; Murphy 
et al. 1984; Tobisch et al. 1997; Zhang 
and Aronson 1994), and the genome 
project of E. coli revealed also several 
genes which are possibly members of the 
family one glycosyl hydrolases (Blattner 
et al. 1997). Employing a bglA-specific 
DNA probe and hybridization under low 
stringency conditions we detected DNA 
fragments on the genome of L. 
monocytogenes which may encode 
additional β-glucosidases. Indeed, 
another β-glucosidase gene has been 
detected recently on the chromosome of 
L. monocytogenes: a 6-phospho-β-D-
glucosidase gene is located upstream of a 
new internalin operon (Dramsi et al. 
1997).  
Since the ΔbglA mutation was 
phenotypically not detectable we wished 
to know if the bglA gene is functional 
and indeed encodes for an enzymatically 
active β-glucosidase. Maxicell analysis 
confirmed that the cloned bglA gene 
encodes a polypeptide with a molecular 
mass of 54 kDa. For detection of 
biological activity we purified the mature 
protein employing the GST gene fusion 
system (Pharmacia) and used the 
established β-galactosidase assay for 
hydrolysis of ONPG to o-nitrophenol and 
galactose (Phillips 1994). The 
recombinant BglA polypeptide exhibited 
enzymatic activity towards this substrate 
indicating that it is able to hydrolyze the 
non-phosphorylated form of the 
glycoside. Other glycosidases are 
phosphoglycosidases which act only on 
the phosphorylated form of the glycoside 
(Smibert and Krieg 1994). We 
determined the KM value of 9.71 x 10-4 M 
(~ 1 x 10-3 M) for the bglA gene product 
on the substrate ONPG. Albeit the KM 
values of enzymes range widely, for most 
enzymes KM lies between 10-1 and 10-7 
M, which corresponds very well to the 
KM of the BglA polypeptide (Stryer, L. 
1988).  



Darbouche, A. et al. 88 

Recently, it has been shown that the β-
glucosidase operon of a pathogenic strain 
of Escherichia coli is induced during 
bacterial infection of the mouse liver 
(Khan and Isaacson 1998). To search for 
a possible effect of the bglA expression 
during intracellular growth we examined 
bglA transcription following infection of 
tissue culture cells and mice. In PtK2 host 
cells the mutation did not influence entry, 
escape from the phagosome, intracellular 
motility and cell-to-cell spread and the 
generation time for intracellular 
replication. No bglA-specific transcripts 
were detected during intracellular growth 
indicating that no induction had occurred. 
Also, no significant differences were 
detected in the mouse model of infection 
compared to the wild-type. From these 
studies we conclude that the bglA gene is 
dispensable for intracellular growth and 
survival.  
The physical identification of a β-
glucosidase and information regarding its 
inducibility will contribute to the overall 
understanding of the physiology and the 
ecological niches used by this bacterium. 
Our current studies are aimed at 
identifying the antitermination protein 
required for regulation of bglA 
transcription. The identification and 
isolation of additional β-glucosidases in 
L. monocytogenes should provide us with 
information as to how the expression of 
virulence factors in this species is 
regulated by the availability of these 
sugars. 
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7. FIGURES AND LEGENDS  

 

 
 

Figure 1: Nucleotide sequence of the 2423-bp long MunI endonuclease restriction fragment of L. 
monocytogenes encoding the gene bglA and the deduced amino acid sequence of the corresponding gene 
product, BglA. The putative promoter region is indicated with -35 and -10 and the ribosome binding site 
(RBS) is in boldface type and underlined. The conserved regulatory motif for putative binding of a 
ribonucleic antiterminator is indicated with + and RAT sequence. The RAT sequence overlaps with an 
inverted repeat sequence which is indicated by convergent arrows above the sequence and by terminator 
one. The 18/19-arnino-acid-long signal peptide is in italics and the two arrows indicate the putative signal 
peptidase cleavage sites. The putative rho-independent terminator is indicated by convergent arrows and 
named terminator two. 
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Figure 2: Comparison of BglA from L. monocytogenes with several β-glucosidases, amino acid 
sequence alignment of the conserved catalytic residues of the proton donor (acid catalyst) and 
nucleophile. 
 
 
 

 
Figure 3: Autoradiograph of 35S-labeled polypeptides encoded by pCRII (lane 1) and pCRII-bglA in 
maxicells. The 54-kDa polypeptide in lane 2 is the product of the bglA gene. An additional faint band 
with a calculated molecular weight of 38 kDa, most likely a degradation product of the BglA protein, was 
also detected (lane 2). Molecular mass standard is indicated kDa. 
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Figure 4: Purification of the BglA polypeptide as a glutathione S-transferase fusion protein. The 54-kDa 
polypeptide, corresponds to the purified recombinant BglA after cleavage with PreScission™ protease. 
The molecular mass standard (MW) is the 10-kDa protein ladder from Gibco BRL. 
 
 

 
Figure 5: Detection of enzymatic activity of recombinant BglA polypeptide on o-nitrophenyl-β-D-

galactopyranoside (ONPG). The chromogenic substrate ONPG was used in ascending concentrations in 
steps of 0.2 mg/ml in Z-buffer (see Materials and Methods). Recombinant BglA polypeptide was added to 

the solution with the final concentration of 40 ng/µl. Hydrolysis of ONPG to o-nitrophenol and β-D-
galactose was determined in a photospectrometre at 420 nm. 
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