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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfillment of the requirement for the degree of Doctor of Philosophy 

 

PRODUCTION OF VIABLE CELLS OF gdhA DERIVATIVE Pasteurella 
multocida B:2 FOR USE AS ANIMAL VACCINE 

 

By 
 

SITI NUR HAZWANI OSLAN 

November 2017 

 

Chairman  : Arbakariya Ariff, PhD 
Faculty   : Biotechnology and Biomolecular Sciences 
 

The attenuated strain of gdhA derivative Pasteurella multocida B:2 (mutant) 
has demonstrated its efficacy as a live vaccine to control haemorrhagic 
septicaemia (HS) disease in cattle and buffaloes. However, the commercial 
application of this vaccine to control HS still faces some limitations such as cost 
effectiveness of large scale cultivation process, low cell viability and 
productivity, and unsuitable commercial formulation in order to sustain the cell 
viability of the bacterial cells in live vaccine. The main objective of this study 
are to develop the bioprocessing method to increase viability in terms of 
productivity of gdhA derivative P. multocida B:2 with minimum production cost 
and to  develop essential formulation in powderised form with high bacterial cell 
survival rate for subsequent use as animal live cell vaccine. 
 

The growth medium with the addition of histidine at a concentration of 20 mM 
greatly improved the cell viability of P. multocida B:2 mutant in cultivation using 
YDB as basal medium. During batch cultivation of this mutant, ammonium 
accumulated in the culture greatly inhibited the growth that reduced the final 
cell concentration and yield. The possibility of using cation-exchange resin for 
in situ removal of ammonium accumulated in the culture for the improvement of 
the cultivation of this mutant was investigated in this study. The ability of cation-
exchange resins, which included Amberlite IRC-86, Amberlite IR120 H, and 
Dowex DRG8 H, to selectively adsorbed ammonium was first investigated. 
Amberlite IRC-86, which has capability on ammonium adsorption with Qmax 
value of 0.86 g/g as determined using sorption isotherm experiments, was 
chosen for in situ removal of ammonium in the culture of P. multocida B:2 
mutant. 
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 In shake flask culture, the 10 g/L of Amberlite IRC-86 improved the final viable 
cell concentration (7.2 x 1010 cfu/mL) by about 11 time higher than that 
obtained in cultivation without resin (6.6 x 109 cfu/mL). In cultivation using 2 L 
stirred tank bioreactor with internal column containing Amberlite IRC-86, growth 
of the mutant was enhanced by 10% as compared to the cultivation without 
resin, agitated at 500 rpm. The final viable cell obtained in stirred tank 
bioreactor (1.05 x 1011 cfu/mL) was significantly higher than that obtained in 
shake flask culture. The use of trehalose as protective agent in freeze drying of 
P. multocida B:2 mutant cells greatly sustained the cell viability (93-95%). 
During storage at -30◦C and 4◦C, the freeze dried cells using trehalose was 
also able to maintain the viability (106-108cfu/mL) up to 6 and 12 month, 
respectively. The stored viable cells was still effective to be used as attenuated 
vaccine of P. multocida B:2. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

 

PENGHASILAN BILANGAN SEL MUTAN gdhA Pasteurella multocida B:2 
UNTUK KEGUNAAN VAKSIN HAIWAN 

 

Oleh 

 

SITI NUR HAZWANI OSLAN 

 
November 2017 

 

Pengerusi : Arbakariya Ariff, PhD 
Fakulti  : Bioteknologi dan Sains Biomolekul 

 
Strain gdhA terbitan Pasteurella multocida B:2 mutan telah terbukti 
keberkesanannya sebagai vaksin untuk mengawal penyakit septisemia 
berdarah (HS) kepada lembu dan kerbau. Walau bagaimanapun, aplikasi 
pengkomersilan vaksin untuk mengawal HS masih menghadapi beberapa 
batasan seperti pemprosesan pada skala besar pada kos yang berptutan, 
bilangan sel dan produktiviti yang rendah, dan formula untuk pengkomersilan 
yang tidak sesuai untuk mengekalkan bilangan sel bakteria dalam vaksin 
hidup. Objektif utama kajian ini adalah untuk membangunkan satu kaedah 
biopemprosesan bagi meningkatkan bilangan sel yang tinggi dari segi 
produktiviti pada vaksin mutant bacteria dengan kos yang minimum dan untuk 
memformulasikan sel bakteria secara optimum dengan kadar kelangsungan 
hidup yang tinggi untuk pengkomersilan vaksin hidup haiwan.  
 

Pertumbuhan bilangan sel vaksin mutan adalah bertambah baik di dalam 
media basal YDB dengan tambahan histidine pada kepekatan 20mm. Semasa 
pertumbuhan mutan ini, ammonium telah terkumpul dalam sel dan menghalang 
pertumbuhan dan penghasilan sel. Dalam kajian ini, penggunaan resin 
pertukaran kation dalam penyingkiran ammonium terkumpul di dalam sel 
melalui in situ untuk memperbaiki pertumbuhan mutan ini telah dikaji. Resin 
kation yang telah diuji, termasuk Amberlite IRC-86, Amberlite IR120 H, dan 
Dowex DRG8 H, telah dipilih untuk menyerap ammonium diuji menggunakan 
eksperimen penyerapan isoterma. Di dalam ekesperimen, Amberlite IRC-86 
yang mempunyai keupayaan di dalam penyerapan ammonium dengan Qmax 
0.86 g/g melalui kaedah sorption isoterma, telah dipilih dalam penyingkiran 
ammonium pada P. multocida B: 2 mutan.  
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Di dalam kelalang kon, penggunaan 10 g/L Amberlite IRC-86 menyebabkan 
kepekatan akhir sel bertambah (7.2 x 1010 cfu/mL) sebanyak 11 kali lebih tinggi 
daripada kultur tanpa resin (6.6 x 109 cfu/mL). Dalam pertumbuhan kultur 
menggunakan 2L bioreaktor dilekatkan dengan kolum yang mengandungi 
Amberlite IRC-86, pertumbuhan mutan telah memingkat sebanyak 10% 
berbanding dengan pertumbuhan tanpa resin pada 500 rpm. Bilangan sel 
mutan yang diperolehi dalam bioreaktor adalah (1.05 x 1011 cfu/mL) adalah 
jauh lebih tinggi daripada yang diperolehi dalam kelalang kon. Penggunaan 
trehalos sebagai agen pelindung menunjukkan kadar bilangan sel yang tinggi 
(93-95%) semasa proses pengeringan-beku dan penyimpanan pada suhu -
30°C dan 4°C, masih dapat mengekalkan bilangan sel sehingga (106- 108 
cfu/mL) untuk 6 ke 12 bulan penyimpanan dan masih boleh digunalkan sebagai 
vaksin mutant P. multocida B:2. 
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CHAPTER 1 

INTRODUCTION 

Haemorrhagic septicaemia (HS) is an acute septicaemic contagious bacterial 
disease affecting primarily cattle and buffaloes (Khan et al., 2011) with high 
mortality rate in infected animals (Rafidah et al., 2010; Sarah, 2007). In Asia, 
this disease is caused by a specific serotype of Pasteurella multocida 
designated as B:2 and E:2 in Africa (Bain et al., 1982; De Alwis, 1999; Tatabaie 
et al., 2007). The disease is per-acute, having a short clinical course involving 
severe depression, pyrexia, submandibular edema and dyspnea, followed by 
recumbency and death (Tatabaie et al., 2007). Treatment or prevention of HS 
has been used to control the spread of HS. The killed whole cells vaccines are 
commonly used in Malaysia (Abdullah et al., 2013). Besides that, oil-adjuvant 
vaccines are quite unpopular among the field users because of their high 
viscosity, provide only short-term immunity and swelling at the site of 
inoculation (Tatabaie et al., 2007; Abdullah et al., 2013).  

In molecular approach method, the wild type gdhA gene of P. multocida B:2 
had been modified with kanamycin inserted into the gdhA gene to become a 
live attenuated vaccine, known as live attenuated gdhA derivative P. multocida 
B:2 (mutant) (Sarah et al., 2006). The use of mutant P. multocida B:2 in the 
field vaccination  could increase herd immunity antibody for 8 to 10 months 
before a booster dose was required (Rafidah et al., 2011). 

In the vaccination of HS using mutant P. multocida B:2  vaccine, the effective 
concentration of viable cell should be ranged from 105 to 107 (cfu/mL) (Rafidah 
et al. 2011). Based on the previous study using modified basal medium, the 
highest viable cell of this mutant at the end of cultivation was only 108 (cfu/mL) 
(Oslan, 2013). For commercial application, live cells may be formulated in 
powderised form to enable high stability during storage and ease of handling. 
Since mutant P. multocida B:2 is not thermophilic microorganism, freeze drying 
could be considered as the appropriated method to formulate the final vaccine 
product containing viable cells in powderised form. It is well known that 
significance reduction of the percentage of cell viability may occurs during 
freeze drying. Preservation of live attenuated mutant for use as vaccine mutant 
is important to retain the high viability of cells during long term storage, prior to 
field use (Morgan et al., 2006). Thus, improvement of the final viable cell 
number of mutant P. multocida B:2 at the end of the cultivation is required to 
meet the final viable cell number in the vaccine product for commercial use. 
Commercial formulation of vaccine product containing live cells in powderised 
form, that can be achieved via freeze drying techniques gives some 
advantages which include long term preservation with good stability, 
convenience in handling, storage and marketing (Carvalho et al., 2004) as well 
as accuracy in dosage. Generally, medium composition greatly influenced the 
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growth of the microorganism not only in term of cell number but also the cell 
viability. In order to get high cell number and viability, the optimization of 
medium composition shall be performed. In addition, Plackett-Burman design 
(PBD) may be applied in order to validate the tests, and to evaluate the 
influence of various different types of supplement in the medium formulation.  

Ammonium has been detected as a by-product in growth of mutant P. 
multocida B:2, which subsequently influenced the culture pH and inhibited 
growth (Oslan, 2013). Ammonium accumulated in the culture may be removed 
by in situ addition of cation-exchange resin, which directly absorps the 
ammonium to their surface. The removal of ammonium may enhance growth of 
mutant P. multocida B:2, not only in term of final cell number but also the 
percentage of viability. Resin as an adsorbent have been used successfully in 
extractive fermentation to reduce end-product inhibition and improve the overall 
process efficiency (Sang et al., 2007; Tan et al., 2011; Tan et al., 2013). It is 
well known that the accumulation of cetate in the culture of recombinant E. coli 
greatly inhibited the growth nd expression of the target protein. In situ 
adsorption of acetate by anion-exchange resins in E. coli culture for producing 
periplasmic human interferon-alpha2b (PrIFN-α2b) was previously studied (Tan 
et al., 2011). The adsorption of target product/by-product by ion-exchange resin 
in extractive fermentation can be carried out either within a bioreactor or by 
circulating a fermentation broth through an external column that contains the 
adsorbent. Additionally, in the former system, the resins can either be trapped 
in a compartment housed inside the bioreactor or dispersed freely in the culture 
(Tan et al., 2013). 

This study was conducted to develop high performance cultivation method of 
gdhA derivative P. multocida B:2 with high final cell number and viability. The 
selection of appropriate basal medium for the cultivation of gdhA derivative P. 
multocida B:2 was initially performed. The effect of the supplementation of 
various nutrients such as vitamins and amino acids on growth and viability of 
the bacterium was aslo evaluated and then optimized to obtain the maximum 
performance. The use of cation exchange resin for the removal of ammonium 
accumulated in the culture to reduce the inhibition effect on growth was first 
evaluated in shake flask culture and then transferred into 2 L stirred tank 
bioreactor with internal column for continuous removal of ammonium during the 
cultivation. The parameters and protective agents for the freeze drying of gdhA 
derivative P. multocida B:2, which gave the highest cell viability, were also 
searched.  

The objectives of the present study were: 

1. To determine the effect of basal medium, amino acids and vitamins on
growth performance of gdhA derivative P. multocida B:2.

2. To improve the viability of gdhA derivative P. multocida B:2 during the
cultivation by introducing in-situ removal of ammonium ions using
selected ion exchange resins.
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3. To develop an integrated system comprising 2 L stirred tank bioreactor 
and cation exchange column for continuous removal of ammonium 
during gdhA derivative P. multocida B:2 cultivation. 

4. To investigate and propose freeze drying parameters suitable to 
maintain high cell viability of gdhA derivative of P. multocida B:2 after 
freeze drying. 

 

Based on the objectives of the study, the hypotheses are: 
 

1. Cultivation performance of gdhA derivative P. multocida B:2 with high 
cell viability could be achieved in optimum amino acid concentration in 
basal medium.  

2. In situ addition of the selected ionic exchange resins may be used for 
the removal of the accumulated ammonium in the culture, which in 
turn, may improve growth and viability of mutant P. multocida B:2 cell. 

3. Freeze drying technique with suitable type and concentration of 
protective and bulking agent could be used to prepare mutant P. 
multocida B:2 formulation in powdered form with maintain viable cells 
for application as commercial vaccine.  
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