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LACTOCOCCUS SHUTTLE VECTOR

By
MOHD SHAWAL THAKIB MAIDIN
September 2013

Chairman: Prof. Raha Binti Abdul Rahim, PhD

Faculty: Biotechnology and Biomolecular Sciences

Lactic Acid Bacteria (LAB) have been long established as a consortium of bacteria
with high economic value. Among the sub-species of LAB, Lactobacillus plantarum
and Lactococcus lactis are the two most studied and widely commercialised. This
includes their applications such as being used as starter culture in fermentation
industries, vaccine development and metabolite production. In addition, these LABs
have been genetically engineered because of their small genomes, easy genetic
accessibility and the availability of genetic tools. However, there is still a lack of
available shuttle vectors with strong promoter and broad host range for these two
species of LAB. In addition, other promoters except for the nisin promoter are also
less efficient. A new promoter inducible by stress may offer several advantages such
as ease of gene expression, low cost and broad host range compatibility. In this
study, bacteria containing plasmid was screened and identified as Enterococcus
faecium HB6. The plasmid was characterised and named as pAR6. Three putative

open reading frames (ORF) coding for the epsilon antitoxin, small heat shock protein



and replication were identified. The small heat shock protein promoter (Pnsp) was
characterised and cloned into lactococcal promoter screening vector, pNZ8008. The
quantitative expression analysis of Phs, under various stress conditions showed that
the maximum gusA (B-glucuronidase) activity was achieved under a stress
combination of heat at 37°C, media with salt concentration of 3% (w/v) and
alkalinity of pH9. A new Lactobacillus-Lactococcus shuttle vector pAR1801 was
constructed by ligating the cassettes between a previously isolated Lactobacillus
plasmid, pR18 containing the mob, sso, dso, repA and terminator sequence with
Lactococcus pNZ8048-Pys, Vector, containing the chloramphenicol resistant gene,
enterococcal Pns replaced lactococcal Ppis, multiple cloning site and terminator site.
The shuttle vector was transformed into Lb. plantarum Pa21 and L. lactis NZ9000
hosts and was stably maintained until 50 generations. Results from relative qPCR
determined that the copy number of the plasmid vector pAR1801 in Lb. plantarum
Pa2l and L. lactis NZ9000 hosts were 34 and 31 copies per cell respectively. The
functionality of pAR1801 to carry and express foreign genes was tested using the
gusA gene. The pAR1801-GUS recombinant plasmid was transformed into both
hosts, and was able to replicate and express the gusA gene as was shown by the
ability of the cells to hydrolyse the X-Gluc (5-bromo-4-chloro-3-indolyl
glucuronide). In conclusion, a hsp promoter was cloned and a functional stress

inducible Lactobacillus and Lactococcus shuttle vector was constructed.
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Bakteria Asid Laktik (LAB) telah lama wujud sebagai sebuah consortium bacteria
dengan nilai ekonomi yang tinggi. Antara sub-spesies LAB, Lactobacillus plantarum
dan Lactococcus lactis adalah dua sub-spesies yang paling dikaji dan dikomersilkan
secara meluas. Ini termasuk aplikasi sebagai kultur pemula dalam industry
penapaian, pembangunan vaksin dan pengeluaran metabolit. Di samping itu,
pelbagai LAB telah melalui proses kejuruteraan genetic kerana genom mereka yang
kecil, kemudahan untuk mendapatkan maklumat genetic dan ketersediaan alat
genetik. Walaubagaimanapun, masih terdapat kekurangan bekalan vector pembawa
dengan promoter yang kuat serta berkebolehan untuk melakukan replikasi di dalam
pelbagai hos. Di samping itu, promoter lain kecuali promoter nisin juga kurang
berkesan. Promoter daripada protein kejutan haba menawarkan beberapa kelebihan
seperti memudahkan ekspresi gen, kos yang rendah dan keserasian di dalam pelbagai
hos. Dalam kajian ini, bakteria yang mengandungi plasmid telah dicari dan

dipencilkan. Hos LAB plasmid yang dicirikan sebagai pARG6 telah dikenal pasti



sebagai Enterococcus faecium HB6. Tiga bingkai putative bacaan terbuka (ORF)
yang mengkod untuk antitoksin epsilon, haba kecil kejutan protein dan replikasi
telah dikenal pasti. Haba protein kejutan kecil penganjur (Phsp) promoter telah
diklonkan ke dalam promoter saringan lactococcal vektor, pNZ8008. Ungkapan
analisis kuantitatif Pns, di bawah pelbagai keadaan tegasan menunjukkan bahawa
aktiviti gusA maksimum (B-glucuronidase) telah dicapai di bawah kombinasi
tekanan haba pada 37°C, media dengan kepekatan garam sebanyak 3% (w/v) dan
kealkalian pH9 . Lactobacillus-Lactococcus vector pembawa pAR1801 yang baru
telah dibina melalui ligasi kaset antara satu plasmid Lactobacillus yang sebelumnya
terpencil, pR18 yang mengandungi SSO, DSO, RepS dan terminator dengan
Lactococcus pNZ8048-Ppspvector yang mengandungi gen tahan chloramphenicol,
Pnislactococcal digantikan oleh Pps, enterococcal, pengklonan tapak pelbagai dan
tapak terminator. Vektor pembawa telah dimasukkan ke dalam hos Lb. plantarum
Pa2l dan L. lactis NZ9000 dan Kkestabilan telah dikekalkan sehingga 50
generasi.Keputusan dari gPCR relative menunjukkan bahawa bilangan salinan
pAR1801 vektor plasmid dalam hos Lb. plantarum Pa21 dan L. lactis NZ9000 telah
ditentukan sebagai 34 dan 31 salinan setiap sel masing-masing. Fungsi pAR1801
untuk menjalankan dan meluahkan gen asing telah diuji menggunakan gen gusA.
Plasmid pAR1801-GUS rekombinan telah dimasukkan ke dalam kedua-dua hos, dan
mampu bereplikasi dan mengekspres gen gusA seperti yang telah ditunjukkan oleh
keupayaan sel-sel untuk hidrolisis X-Gluc  (5-bromo-4-chloro-3-indolyl
glucuronide). Kesimpulannya, promoter hsp telah diklon dan tekanan berfungsi

teraruh Lactobacillus dan Lactococcus vector pembawa telah dibina.
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CHAPTER 1

INTRODUCTION

Lactobacillus plantarum and Lactococcus lactis are among the most studied strains
of Lactic Acid Bacteria (LAB). It is a group of bacteria with a GRAS status by U.S
food and drug administration (FDA). The probiotic and antimicrobial activity of
these strains had been shown to be beneficial to our health. For example, they have
been utilised for vaccine delivery and in pharmaceutical manufacturing (Zhu et al.,
2009). In addition, LAB has the potential to be an important cell factory for the
production of heterologous protein production compared to the widely used

Escherichia coli. This is due to the safe use features of this “friendly bacteria”.

Nevertheless, the application of LAB can be further broaden if the bacteria are more
tolerant to less favourable conditions and react swiftly to stress conditions such as
high temperature, high salt concentration and high and low pH. For example in the
probiotic food (Schiffrin et al., 2001) and life vaccines (Mercenier et al., 2000)
development, the requirement for sturdy LAB strains is important because they need
to express specific functions in harsh environments such as in the digestive tract with
pH range of 1.5 to 7.0 (Cotter and Hill, 2003) and in an industrial setting at higher
temperature than their optimum 30°C growth temperature (Batt, 1999). A pH range
of 40 to 5.0 and 7.5 to 8.0 were reported to be the lower and higher limit
respectively for Lactococcus lactis depending on the medium composition and strain

(Sanchez et al., 2008; van Niel and Hahn-Hagerdal, 1999).

The emerging interest of the field of synthetic biology has led to the rapid

development in improving the overall quality of these LABs as a cell factory, thus,



providing an alternative for the construction of the bacterial host with the desirable
characteristics (Teusink et al., 2011). In this case, the improvement of the strains for
the ability to produce the protein of interest under harsh conditions can be achieved
by the introduction of an expression system with novel promoters. Promoters
inducible by specific stress conditions will make the industrial productions of
enzymes or fine chemicals cheaper as they will express genes without having to add
any inducers. Furthermore, a shuttle vector has the ability to replicate in different
bacterial hosts. This makes it possible to clone and express the same gene of interest
between two bacterial species and therefore, increasing the understanding of gene

functions between different bacterial hosts.

This study aims to search for new promoters and develop a new shuttle vector that
can replicate and express heterologous proteins in both Lactococcus and

Lactobacillus. Therefore, the objectives of the study are:

e To screen for LABs with candidate plasmids for the construction of a
shuttle expression vector.

e To isolate and characterise the heat shock protein promoter from the
identified plasmid.

e To construct a new Lactobacillus plantarum Pa21-Lactococcus lactis
NZ9000 shuttle expression vector with the incorporated heat stress

promoter.
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