
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

The phosphoketolase pathway in Lactobacillus pentosus.

Posthuma, C.C.

Publication date
2001

Link to publication

Citation for published version (APA):
Posthuma, C. C. (2001). The phosphoketolase pathway in Lactobacillus pentosus. [,
Universiteit van Amsterdam]. Ipskamp.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/the-phosphoketolase-pathway-in-lactobacillus-pentosus(503a9e00-505d-425b-bb48-17ff219afa5d).html


Chapter 4 

Association of xylulose 5-phosphate phosphoketolase 
synthesis and activity with heterofermentative growth in 

Lactobacilli 

C. Posthuma, P.W. Postma, P.H. Pouwels 
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4.1 ABSTRACT 

Several Lactobacillus strains from the obligate homo-, obligate hetero- and facultative 

heterofermentative group were analysed for the presence of xylulose 5-phosphate 

phosphoketolase (XpkA) activity. Activity was detected in most cell-free extracts of obligate 

heterofermentative lactobacilli cultivated on glucose or ribose, and in cell-free extracts 

of facultative heterofermentative lactobacilli cultivated on ribose, but no or only low 

activities were found in extracts of obligate homofermentative lactobacilli. The XpkA 

activity correlated with the presence in the extracts of a 90 kDa protein. Western blot 

analysis of the proteins in the same extracts showed that the 90 kDa protein reacted 

specifically with antibodies raised against XpkA from Lactobacillus pentosus MD363 . A 

Southern blot analysis with chromosomal DNAs from several lactobacilli revealed that a 

gene similar to xpkA, that encodes XpkA, is present in a number of facultative and 

obligate heterofermentative strains that were tested. This gene was not detected in the 

homofermentative strains. In three L. pentosus strains and in Lactobacillus plantarum 80 , 

a second gene related to xpkA might be present. 
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4.2 INTRODUCTION 

Lactobacilli perform homo- or heterofermentative fermentation of sugars. 
In homolactic fermentation, glucose is metabolized via the Embden-
Meyerhoff-Parnas pathway which results in the formation of pyruvate. 
During anaerobic growth in the presence of excess glucose, pyruvate is 
further metabolized by lactate dehydrogenase into lactate, thereby 
reoxidizing the NADH that was formed in the glycolytic pathway. Low 
glucose concentrations and aerobic growth conditions may lead to various 
other end-products, like ethanol, acetate and formate (for reviews, see: [13, 
59, 142]). The conversion of pyruvate into other products than lactate is 
usually called mixed acid fermentation. It is substantially different from 
heterofermentative fermentation, a process whereby sugars are metabolized 
uta the phosphoketolase pathway (PKP). Heterofermentative fermentation 
of glucose leads to the production of equimolar amounts of C02 , lactate and 
acetate/ethanol. Under anaerobic growth conditions, the production of 
ethanol is favoured, whereas mainly acetate is produced during aerobic 
growth conditions [13, 142]. Xylulose 5-phosphate phosphoketolase (XpkA) 
is the central enzyme of the PKP. Pentoses, like xylose and ribose, are 
generally metabolized via the PKP, although some exceptions have been 
reported: Barre [3] and Fukui etat [30] claimed the isolation of lactic acid 
bacteria that fermented pentoses almost exclusively into lactate, without 
the involvement of XpkA. They suggested that an as yet unknown pathway 
was used. 

The classical division of s t rains within the genus Lactobacillus [59], 
which is based on the fermentation characteristics of the bacteria, is still 
used, besides the modern genotypic techniques for the identification and 
classification of bacterial strains that have become available, like 
sequencing of 16SrRNAand DNA-DNA hybridization studies [44, 129, 145]. 
In this classical division, three groups within the genus Lactobacillus are 
discriminated: Group I comprises the obligate homofermentative 
lactobacilli, Group II the facultative heterofermentative and Group III the 
obligate heterofermentative lactobacilli [44, 145]. Strains from Group I 
ferment glucose exclusively via the Embden-Meyerhoff-Parnas pathway.and 
possess fructose 1,6-bisphosphate aldolase and no XpkA activity, whereas 
lactobacilli from Group III possess XpkA but no aldolase, resulting in the 
metabolism of sugars only via the PKP. Bacteria from Group II possess both 
enzyme activities: glucose is metabolized via the glycolytic pathway, 
whereas pentoses are fermented via the PKP. XpkA activity is inducible in 
this group of lactobacilli [59]. This division of lactobacilli in three groups 
might not be as strict as sometimes thought: aldolase activity is induced in 
the obligate heterofermentative L. brevis during anaerobic growth [105], and 
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in the smooth biotype of the homofermentative L. amylovorus, 
heterofermentative fermentation of glucose or ribose was observed together 
with increased XpkA and reduced aldolase enzyme activities [156]. 

In Chapter 2 of this thesis, we reported the purification of XpkA from 
Lactobacillus pentosus and the characterization of the gene encoding the 
enzyme, xpkA. In this Chapter, we describe the presence of XpkA in various 
other Lactobacillus strains. In order to investigate whether the conditions 
in which XpkA activity is present is related to the classification of a strain 
in one of the three groups, several wild type lactobacilli were analysed for 
XpkA activity and for the presence of the protein by Coomassie staining of 
SDS-PAGE gels and Western blotting using antibodies raised against XpkA 
from L. pentosus. The presence of a gene encoding an enzyme with XpkA 
activity was tested by hybridizing chromosomal DNA of some of the strains 
with a probe specific for xpkA, encoding XpkA from L. pentosus MD363. 

4.3 MATERIALS A N D M E T H O D S 

Bacterial strains and growth conditions - The Lactobacillus wild type strains 
that were used in this study are listed in Table 4 .1 . The s trains were 
cultivated without agitation at 37 °C in MRS medium [16] or in M-medium 
[74] containing 1% (wt/vol) of the indicated sugar. 

Preparation of cell-free extracts and XpkA activity assay - Lactobacillus cells 
in the exponential phase of growth were harvested by centrifugation (3700 
x g, 4°C, 10 min) and washed twice in 20 mM Hepes-HCl (pH 7). Residual 
liquid was removed by vacuum drying. The pellet was stored at -20°C until 
further use. For the preparation of cell-free extracts, the pellets were 
thawed and resuspended in 1/20 of the culture volume in 20 mM Hepes 
HCl (pH 7), 0.5 mM EDTA, 0.5 mM DTT. Cells were broken by three 
passages through a French pressure cell (11,000 lb/in2). Cell debris was 
removed by centrifugation (10,000 x g, 4 °C, 20 min). Protein 
concentrations were determined with the Bio-Rad Protein Assay (Bio-Rad 
Laboratories GmbH), using BSA as a standard. XpkA activity was measured 
in cell-free extracts as described in Chapter 2, Materials and Methods. 

Western blot analysis - The proteins present in the cell-free extracts (5 ug 
total protein) were loaded onto 10% (wt/vol) SDS-polyacrylamide gels and 
separated by gel electrophoresis. After transfer of the proteins to 
nitrocellulose [140], the blots were incubated with 10,000 times diluted 
polyclonal anti-XpkA antiserum (Chapter 2, Material and Methods, 
preparation of antibodies) and a horseradish peroxidase-conjugated 
secondary antibody. For detection, Pierce Super Signal was used according 
to the method specified by the manufacturer. 
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Lactobacillus strains Relevant characteristics Refer 

L pentosus MD353 wild type strain [75] 

L. pentosus MD363 wild type strain [73] 

L pentosus ATCC8041 L pentosus type strain LC 

L. case/ BL23 ATCC393 [pLZ15] [150] 

L plantarum 80 wild type strain [109] 

L. plantarum WCFS1 wild type strain LC 

L brevis LBR1 wild type strain [7] 

L. brevis R3 wild type strain T N O C ulture Collection 

L brevis ATCC8287 wild type strain LC 

L. fermentum NRIC15371 wild type strain LC 

Lreuteri DSM2001 6T L reuteri type strain LC 

L reuteri ML1 wild type strain U7\ 

L reuferi 104R wild type strain [49] 

L helveticus CNRZ32 wild type strain [23] 

L amylovorus 406 wild type strain obtained from Phil 
Warner 

Table 4 .1 . Lactobacillus strains that were used in this study. 1! LC, Laboratory Culture 
collection. ATCC, American type culture collection; NRIC, Nodai Research Institute Culture 
collection; DSM, Deutsche Sammlung von Mikroorganismen; CNRZ, Centre National de 
Recherche. 

Southern blotting - Bacteria were cultivated in MRS medium and 
chromosomal DNA was isolated as described by Lokman et cd. [75]. 10 ug 
of chromosomal DNA was digested with iVcol, separated on an 0.8% (wt/vol) 
agarose gel and blotted on Hybond-N™ (Amersham) by using the 
VacuGene™ XLVacuum Blotting System (Pharmacia). An 0.8 kb EcoRV 
internal PCR fragment of xpkA was used as a probe. The probe was 
radioactively labelled with [a-32P]dATP (3,000 Ci/mmol) from Amersham by 
using the Prime-a-Gene Labelling System from Promega. The blot was 
hybridized at 45 °C overnight and washed twice with 6xSSC, 0.5 % (wt/vol) 
SDS for 15 min at room temperature. The signals were detected by 
autoradiography. 
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Figure 4 .1 . 10% SDS-PAGE gel of cell-free extracts from several hetero- and 
homofermentative Lactobacillus strains. 1 5 /Jg of total protein was loaded on the gel. 
MD353, MD363 and ATCC8041 : L pentosus; BL23: L case/; 80 and WCFS1 : L planfarum; 
LBR1, R3 and ATCC8287: L brevis; NRIC1 537T: L fermenfum; DSM2001 T, ML1 and 1 04R: 
L reuteri. A. Growth on glucose. B. Growth on ribose. 
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4.4 RESULTS 

XpkA activity determination - As described in the introduction of this 
chapter, lactobacilli are divided into three groups on the basis of their 
metabolism [44, 59, 129, 145]. To test whether the presence of XpkA 
activity is strictly associated with heterolactic fermentation, several strains 
of each of the three groups were cultivated on glucose-containing medium 
and XpkA activities were measured in cell-free extracts. The results are 
shown in Table 4.2. XpkA activity was detected in all obligate 
heterofermentative lactobacilli, except for two strains, L. brevis LBR1 and 
L. reuteri DSM200161, that contained very little or no XpkA activity under 
these conditions. XpkA activity in the homofermentative and facultative 
heterofermentative lactobacilli was absent or very low. 

It is believed that in facultative heterofermentative lactobacilli, XpkA 
activity is induced upon growth on energy sources fermented via the 
phosphoketolase pathway, like pentoses [59]. Therefore, all strains, except 
the obligate homofermentative ones, were also cultivated on ribose-
containing medium and the XpkA activity in cell-free extracts was 
measured. The results are also shown in Table 4.2. Indeed, XpkA activity 
could be detected in all facultative heterofermentative lactobacilli tested 
under these conditions. Nearly all obligate heterofermentative lactobacilli 
contained XpkA activity also when cultivated in the presence of ribose. In 
two of the obligate heterofermentative strains, L. brevis R3 and L.fermentum 
NRIC15371, the XpkA activity after growth on ribose was lower than the 
activity after growth on glucose, whereas in a third strain, L. brevis 
ATCC8287, growth on ribose led to a higher XpkA activity compared to the 
activity after growth on glucose. In L. brevis LBR1, a high XpkA activity was 
found after growth on ribose. However, in L. reuteri DSM20016T, XpkA 
activity was absent under these conditions. 

Western, blot analysis - XpkA is present in L. pentosus MD363 in large 
amounts under inducing conditions and is visible as a 90 kDa protein band 
after electrophoresis of cell-free extracts on SDS-PAGE (see Figure 4. IB, 
lane 2). In order to test whether the XpkA activity corresponds to the 
amount of XpkA protein present in the lactobacilli, the proteins in the cell-
free extracts after growth on ribose or glucose were loaded on an SDS-PAGE 
gel, separated by gel-electrophoresis and stained with Coomassie to 
visualize the proteins. The gels are shown in Figure 4 .1 . A protein of 
approximately 90 kDa was visible in cell-free extracts of all obligate 
heterofermentative lactobacilli, both after growth on ribose or on glucose. 
In the facultative heterofermentative lactobacilli and in L. brevis LBR1, this 
protein band was only seen after growth on ribose, in agreement with the 
observation that only under these conditions significant XpkA activities 
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growth conditions 

strain group glucose ribose 

8 ± 2 561 ± 27 

19 ± 5 388 ± 29 

3 ± 1 634 ± 4 

1 ± 1 604 ± 18 

6 ± 2 467 ± 55 

12 + 5 419 ± 2 

38 ± 4 551 ± 50 

426 ± 4 273 ± 18 

308 ± 7 502 ± 28 

670 ± 23 201 ± 10 

5 ± 3.2 3 ± 4 

240 ± 28 n.d. 

439 ± 10 n.d. 

43 ± 6 n.g. 

1 ± 0 n.g. 

L. pentosus MD353 

L pentosus MD363 

L pentosus ATCC8041 

L case; ATCC393 

L. planiarum 80 

L. plantarum WCFS1 

L brevis LBR1 * 

L brevis R3 

L brevis ATCC8287 

L fermentum NRIC15371 

L reuteri DSM200161 

L reuteri ML1 

L reuteri 1 04R 

L. helveticus CNRZ32 

L. amylovorus 406 

Table 4.2. XpkA activities measured in cell-free extracts of Lactobac///us strains, after 
cultivation in M-medium supplemented with 1% glucose or ribose. Specific activities are 
given in nmol-min" -mg" protein. The numbers are the average of two independent 
measurements. XpkA activity was measured both in the presence and the absence of potassium 
phosphate, which is one of the substrates of XpkA. The amount of activity that was measured in 
the absence of potassium phosphate buffer varied between 15 and 50% of the total XpkA activity, 
dependent on the used strain. Since this activity was absent in cell-free extracts of the xpkA 
knock-out mutant LPE1 79 of L. pentosus (see Chapter 2, Knock-out mutant of xpkA), it was 
considered the residual activity of XpkA as a result of the presence of residual Pi in the reaction 
mixture. Only the activities that were measured in the presence of phosphate are presented in 
the Table. ' Group I: obligate homofermentative; Group II: facultative heterofermentative; 
Group III: obligate heterofermentative. 2' n.d. not determined; n.g. no growth. 

were detected. The 90 kDa protein band was not visible in both obligate 
homofermentative strains, L. helveticus and L. amylovorus. 

There was a clear correlation between the presence or absence of this 
protein band and the presence or absence of XpkA activity, with only one 
exception: in L. reuteri DSM20016T, no XpkA activity could be detected, yet 
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a protein of 90 kDa was synthesized after growth on glucose or ribose. 
Although the abundance of the 90 kDa protein band on the SDS-PAGE gel 
did not fully correspond to XpkA activities that were detected in the cell-free 
extracts, the results described above suggest that this protein band 
represents XpkA. 

To verify that the protein that migrates at around 90 kDa indeed is 
XpkA, a Western blot analysis was performed with the cell-free extracts 
from all obligate and facultative heterofermentative strains after growth on 
ribose. The cell-free extracts of L. reuteri ML1 and L. reuteri 104R grown on 
glucose were analysed as well. Antibodies raised against XpkA from L. 
pentosus MD363 was used to detect the protein. The results are shown in 
Figure 4.2. In all of the cell-free extracts, a protein of approximately 90 kDa 
reacted specifically with the antibodies against XpkA. The migration 
behaviour of this protein differed slightly for different strains, in a similar 
way as was observed in the SDS-PAGE gels that were stained with 
Coomassie (Figure 4.1), suggesting that the proteins reacting with the 
antibodies and the 90 kDa protein in the SDS-PAGE gels are identical and 
represent XpkA. The three L. pentosus strains and the two L. plantarum 
strains showed the strongest signal in the Western blot. In extracts from 
the other strains, the intensity of the signals varied from very low (L. brevis 
R3 and L. reuteri DSM200161) to moderate (for instance in L. casei ATCC393 
and L. fermentum NRIC1537T). 

o 
OO LT> CO r~> 

CO 
Q 

CO 
Q o 

i— :> :> < 

CO 

2 s 

CM 
CO 
O 

LD 

o 

o 
o 
CM 

CC 
O 

CO | _ 
cc CO _ l •̂  

cc < ;H O ;> 
«mm- ~~ 102 kDa 

81 kDa 

47 kDa 

Figure 4.2. Western blot of cell-free extracts from several heterofermentative 
Lactobacillus strains using antibodies against XpkA from L pentosus MD363. 5/jg of total 
protein was loaded on the gel. MD353, MD363 and ATCC8041 : L pentosus; BL23: L casei; 
80 and WCFS1 : L plantarum; LBR1, R3 and ATCC8287: L. brevis; NRIC1 537T: L. fermentum; 
DSM2001 7T, ML1 and 1 04R: L reuteri.AW strains were cultivated on ribose, except for L reuteri 
ML1 and 1 04R which were cultivated on glucose. 
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Southern blot analysis - The presence of XpkA activity was reported for a 
smooth biotype of L. amylovorus, which would mean that a gene encoding 
an enzyme with XpkA activity must be present in this homofermentative 
Lactobacülus and is expressed under certain conditions [156]. However, no 
or low XpkA activity was detected in the two homofermentative lactobacilli 
that were tested in this study, nor was a protein of 90 kDa, that was 
believed to be XpkA in the heterofermentative lactobacilli, synthesized in 
these strains (see Table 4.2 and Figure 4 .1 , respectively). To test whether 
the gene encoding XpkA, xpkA, is present in homofermentative lactobacilli, 
chromosomal DNA from several Lactobacillus strains (both homo- and 
heterofermentative) was digested with Afcol and used in a Southern 
hybridization experiment with an internal PCR fragment of xpkA from L. 
pentosus MD363 as a probe. The results are shown Figure 4.3. The probe 
hybridized with three DNA fragments of about 1.3, 2 and 3 kb from L 
pentosus MD353 and ATCC8041. The largest fragment of 3 kb was absent 
in the DNA from L. pentosus MD363. In another experiment performed 
under more stringent conditions, the probe hybridized only with the 
smallest fragment of 1.3 kb in L. pentosus (data not shown). This size 
corresponds to that of an internal Afcol fragment of xpkA, as shown in 
Figure 4.4. The 3 kb hybridization band can be explained by incomplete 
digestion of the chromosomal DNA, which gives rise to an extra Afcol 
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Figure 4 .3 . Southern hybridization of 

chromosomal D N A f rom several 

Lactobacillus strains digested with 

Ncol . An 0.8 kb PCR fragment of xpkA 

from L. pentosus M D 3 6 3 was used as a 

probe. To increase the possibility of 

hybridization of the probe with the DNA, 

the experiment was performed under 

non-stringent conditions (see Materials 

and Methods). The arrows indicate the 

positions of the hybridization bands. 

M D 3 5 3 , M D 3 6 3 and A T C C 8 0 4 1 : L 

pentosus; BL23: L casei; 8 0 : L 

plantarum; LBR1 : L brev/s; DSM2001 7': 

L. reuteri; CNRZ32: L helveticus; 4 0 6 : L 

amy/ovorus. 
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fragment of 2.9 kb that hybridizes with the probe, also included in Figure 
4.4. Since the intensity of the 2 kb fragment was lower than that of the 1.3 
kb fragment, this hybridization band might be the result of the presence in 
the chromosome of the L. pentosus strains of a second gene with similarity 
to xpkA. 

In L. plantarum, an intense hybridization signal of 1.5 kb was found, as 
well as a fragment with lower intensity of 3.5 kb, suggesting that also in L. 
plantarum two copies of xpkA might be present in the chromosome, one of 
which showed high similarity to xpkA from L. pentosus. Signals with low 
intensity were found in L. casei (one fragment of approximately 1.6 kb) and 
L. brevis LBR1 (two fragments of approximately 1.8 and 4.8 kb), indicating 
that also in these strains one or two copies of a gene with similarity to xpkA 
are located on the chromosome, respectively. No hybridization signal was 
observed with chromosomal DNA of both strains from the obligate 
homofermentative group, L. helveticus and L. amylovorus, and with DNA 
from L. reuten DSM20016T. 

4.5 DISCUSSION 

XpkA activities were determined in various Lactobacillus strains belonging 
to the three groups that are discriminated within the genus Lactobacillus. 
The results confirm, as is generally believed on the basis of the 
fermentation characteristics of lactobacilli, that the presence of XpkA is 
associated with heterofermentative growth. XpkA activity was constitutively 
present in all except two (L. reuteri DSM200161 and L. brevis LBR1) of the 
obligate heterofermentative lactobacilli, although variations in activity were 
observed between bacteria cultivated on glucose and cells cultivated on 
ribose. XpkA activity was low or absent in the obligate homofermentative 
strains after growth on glucose. In the facultative heterofermentative 
lactobacilli, XpkA activity was detected when cells were cultivated in the 
presence of ribose, whereas the activity was low or absent after growth on 
glucose. This confirms that in this group of lactobacilli, glucose is 
fermented via the glycolysis and that XpkA is induced when sugars are 
present that are degraded via the PKP. 

The results of the XpkA activity measurements were confirmed by SDS-
PAGE analysis, which showed the presence of a 90 kDa protein when 
significant XpkA activities were detected, whereas this protein band was not 
visible in the cell-free extracts containing low or no XpkA activity (Figure 
4.1). The 90 kDa protein was assigned to XpkA, since it reacted specifically 
with antibodies raised against XpkA from L. pentosus MD363 in a Western 
blot (Figure 4.2). Thus, XpkA activity during heterofermentative growth is 
associated with the synthesis of a 90 kDa XpkA protein in the 
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probe 

, EcoRM EcoRV 

A/co! Ncol Stu\ Nco\ _ . Ncol Stu\ 

1.3 kb 
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? kb 

Figure 4.4. Schematic representation of the xpkA locus of L. pentosus MD363. The 
restriction sites of Ncol, which was used in the Southern blot analysis, are included. The 
probe is a 825 bp internal EcoRV fragment of xpkA. One fragment of 1.3 kb that hybridizes with 
the probe is obtained after complete digestion of the chromosomal DNA with Ncol, a second 
fragment of 2.9 kb after incomplete digestion. 

heterofermentative strains (except for L. reuteri DSM20016T, which will be 
described later in the Discussion). Given the approximately same apparent 
molecular weight of all XpkA proteins, XpkA from the different Lactobacillus 
strains might share a high similarity in their primary structure. However, 
there was no good correlation between the amount of the 90 kDa protein in 
the SDS-PAGE gel and the intensity of the signal in the Western blot, 
leading to the suggestion that there might be significant differences in 
amino acid sequence between the XpkA proteins of the Lactobacillus strains 
which resulted in different efficiencies in the reaction with antibodies 
against XpkA from L. pentosus MD363. The highest similarity was expected 
between the XpkA proteins from L. pentosus and L. plantarum, since these 
species show high resemblance to each other as was concluded on the basis 
of 16S rRNA sequencing results [12]. Indeed, the strongest signals were 
obtained in the reaction of the XpkA proteins from the L. pentosus and the 
L. plantarum strains with the antibodies against XpkA from L. pentosus. 

The amount of the XpkA protein on the SDS-PAGE gels did not fully 
correlate with the activity that was observed in the cell-free extracts. In L. 
fermentum NRIC1537T, for instance, a three times higher XpkA activity was 
detected after growth on glucose compared to the activity after growth on 
ribose, yet the same intensity of the 90 kDa protein was observed on SDS-
PAGE in both conditions. Unfortunately, we have no satisfying explanation 
for the discrepancy between enzyme activity and the amount of XpkA that 
was synthesized. 
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In two Lactobacillus strains, L. brevis LBR1 and L. reuteri DSM20016T, 
a discrepancy was observed between their classification in one of the three 
fermentation groups and the XpkA activities that were measured. Both 
species, L. brevis and L. reuteri belong to Group III, the obligate 
heterofermentative lactobacilli [44, 129], In L. brevis LBR1, XpkA activity 
was detected only after growth on ribose while the activity was low after 
growth in the presence of glucose. These data were confirmed by the SDS-
PAGE gels, showing that the 90 kDa protein is synthesized only after 
growth in the presence of ribose. These data could mean that this particular 
Lactobacillus strain was erroneously identified as a L. brevis, bu t is in fact 
a facultative heterofermentative Lactobacillus. Alternatively, the synthesis 
of XpkA in L. brevis LBR1 might, in contrast to all other obligate 
heterofermentative lactobacilli tested, be subject to repression by glucose. 
The results suggest that the division of lactobacilli in three fermentation 
groups is not as strict as sometimes believed. In some L. brevis strains, of 
which L. brevis LBR1 would be a representative, homolactic fermentation 
of glucose might be possible. However, two other strains of L. brevis, L. 
brevis R3 and L. brevis ATCC8287, possessed XpkA activity after growth on 
glucose suggesting fermentation of glucose uia the PKP, as was expected for 
obligate heterofermentative lactobacilli. If this is the case, our results 
suggest that the strains of L. brevis can be subdivided in obligate 
heterofermentative and facultative heterofermentative lactobacilli. 

Although in L. reuteriDSM20016' a 90 kDa protein, which was believed 
to be XpkA, appeared to be present in cell-free extracts after growth on 
glucose or ribose, XpkA activity could not be detected. An explanation for 
the absence of XpkA activity might be that the enzyme is less stable in L. 
reuteri DSM20016T than in the other Lactobacillus strains, and as a result 
it could have been inactivated during the preparation of cell-free extracts. 
Also, the assay conditions could be far from optimal for the XpkA from this 
L. reuteri strain. If XpkA activity would be truly absent in vivo from L. reuteri 
DSM20016T, glucose metabolism will, in stead of via the PKP, probably take 
place via the other route that is used in lactic acid bacteria for glucose 
metabolism, the Embden-Meyerhoff-Parnas pathway. Since the strain is 
able to grow on ribose, this means that ribose is fermented via another 
route than the PKP. Ribose might e.g. be degraded via the pentose 
phosphate pathway using transketolase and transaldolase, like in E. colt 
However, we could not detect transketolase activity in this strain, which 
contradicts this hypothesis. Barre [3] and Fukui et al. [30] claimed the 
existence of a novel route for pentose degradation in certain strains of 
Lactobacillus, bu t since no further studies have been published about this 
pathway, it is unclear whether or not this novel pathway exists and which 
enzyme activities would be involved. 
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To detect whether a gene that could encode a protein with XpkA activity 
was present in the Lactobacillus strains, a Southern blot experiment was 
performed under non-stringent conditions. An internal fragment of xpkA 
from L. pentosus MD363 was used as a probe. Hybridization of the probe 
was observed with chromosomal DNA fragments in the obligate and 
facultative heterofermentative lactobacilli, except for L. reuten DSM20016T. 
These results indicate that the XpkA-encoding genes of the different 
Lactobacillus strains are similar. The highest similarity was observed 
between the strains of L. pentosus and L. pkmtarum 80, whereas the weak 
hybridization signal of the DNA from L. casei and L. brevis suggests that the 
similarity of the xpkA-like gene in these strains with xpkA from L. pentosus 
MD363 is much less. The absence of a signal in the Southern blot with DNA 
from L. reuteri is rather due to a very low similarity than the absence of a 
xpkA-like gene, since a 90 kDa protein that reacted with the antibodies 
raised against XpkA was synthesized. 

In L. pentosus MD363, a fragment of 2 kb hybridized with the xpkA 
probe with a less intense signal than the 1.3 kb fragment, which was an 
internal Ncol part of xpkA. The 2kb fragment could not be explained by 
incomplete digestion of the chromosomal DNA and pointed in the direction 
of the presence of another gene with similarity to xpkA. A fragment that 
might result from a second xpfcA-like gene was also observed in the two 
other L. pentosus strains and in L. plantar-urn 80. However, the xpkA knock
out mutant of L. pentosus MD363 contained no XpkA activity which 
indicated that under the conditions tested no other gene encoding a protein 
with XpkA activity was expressed (Chapter 2). Whether or not a second gene 
encodes a XpkA and under which conditions this gene is expressed in L. 
pentosus remains unclear for the moment. 

No hybridization signal in the Southern blot was detected with the 
chromosomal DNAs from the two obligate homofermentative lactobacilli, L. 
helveticus and L. amylovorus. Thus, the results of the Southern blot do not 
provide evidence for the presence of a gene encoding a protein with XpkA 
activity, as was suggested for the smooth biotype of L. amylovorus [ 156]. On 
the other hand, the presence of a gene encoding XpkA activity in L. 
helveticus and L. amylovorus cannot be excluded on the basis of these 
results: the nucleotide sequence of such a gene might be too different from 
xpkA from L. pentosus to obtain a signal by Southern blot analysis. Also, a 
low XpkA activity of 43 nmolmin J -mg"1 protein was detected in L. helveticus 
(see Table 4.2). If this activity is truly due to XpkA, it suggests the presence 
of a gene encoding a protein with XpkA activity in obligate 
homofermentative lactobacilli. The (in)ability to use the PKP for sugar 
fermentation of obligate homofermentative Lactobacillus strains is then 
regulated at the gene expression level. 


