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Harnessing the potential of bacterial ghost for the 
effective delivery of drugs and biotherapeutics

INTRODUCTION

Modern recombinant proteins and deoxyribonucleic acid (DNA) 
vaccines are known to be poor immunogenic as well as weak to 
elicit proper response due to the fact that, they are in direct contact 
with biological fluids which leads to their degradation and lack of 
desired response whereas synthetic drugs also demonstrate poor 
therapeutic response due to improper maintenance of desired 
concentration at target organ Therefore, it becomes necessary to 
develop an effective carrier system that might be able to deliver 
proteins, antigens, nucleic acids, and pharmaceuticals. Such a 
delivery system is intended to offer delivery with high efficiency 
with reduced dosing and adequate safety.[1]

Live attenuated and inactivated whole-cell bacteria comprise 
of a useful means to have efficient delivery of antigens, nucleic 
acid, and drugs.[2] Bacterial ghost symbolize ‘empty non-
denaturated envelopes derived from gram-negative bacteria 
by protein-E-mediated lysis, which retain all morphological 
and structural features of the natural cell.’ Due to presence of 
immune-stimulating compounds at their surface, they could be 

used as an ideal candidate for delivery of immunogenic biological 
as well as pharmaceuticals.

Bacterial ghost
Bacterial ghosts are created from gram-negative bacteria where they 
are formed by ‘the expression of the bacteriophage lysis gene E.’[3] 
Expression of ‘lysis gene E’ causes separation of cytoplasmic content 
leading to formation of a ‘transmembrane tunnel.’ Formation of 
this tunnel enables removal of cytoplasmic content of bacteria 
by osmosis.[4] The so formed internal empty shell has no cellular 
components but has ‘functional and antigenic determinants’ like their 
living homologues. These ghosts also have bioadhesive characters 
which enable them to interact with host cellular machinery and when 
the biomolecule or drug is entrapped in the tunnel, these ghosts offer 
an excellent means for delivery to the targeted site.[3]

Bacterial ghost as drug delivery carrier offers an excellent 
means to ‘elicit’ cellular and humoral response because of their 
immunogenic potential.[5] A number of ghost candidate have been 
utilized for immunization like Pasteurella multocida, Pasteurella 
haemolytica,[6] Vibrio cholera,[7] Pasteurella haemolytica,[8] 
Edwardsiella tarda,[9] Salmonella enteritidis,[10] Helicobacter 
pylori,[11] V. cholera,[12] and V. anguillarum.[13]

Bacterial ghosts are promising biomolecule and drug delivery 
system. One the one hand, they offer advantages as being nonliving 
carrier and capable of holding and delivering DNA, vaccines, and 
drugs [Figure 1]. On the other hand, they demonstrate promising 
role as being effectively recognized and uptake by antigen 
representing cells and could be targeted to different tissues.[14]

Production of bacterial ghost
Bacterial ghosts are produced as a result of expression of cloned gene 
E from bacteriophage PhiX174 leading to ‘lysis’ of gram-negative 
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bacteria. Gene E is responsible to code for membrane protein 
comprising of 91 amino acids, which fuse with inner and outer 
membrane of gram-negative bacteria. These results in membrane 
lysis and from where cytoplasmic contents are expelled.[4,15-17] Lysis 
of bacteria can be performed in different experimental conditions. 
New expression system causing mutation of EpR promotro/
operator region causes stable E gene expression at temperature of 
37°C.[15] Similarly, when Epr promoter/Ci repressor system with 
lacI/lacPO is utilized for gene expression control, the growth 
temperature can be lowered up to 28°C.[18]

General lysis of microbes is utilized for creation of bacterial ghost, 
which in turn prepares ‘intact’ cellular envelop.[19,20] Expression 
of plasmid-encoded gene E is utilized for lysis of bacteria. This is 
one of the easiest methods that does not affect any of the physical 
or chemical characteristics and has no detrimental effect on 
bacterial surface. Expression of gene E results in development of 
‘a transmembrane tunnel structure’ by outer and inner bacterial 
membrane. The osmotic pressure inside the cell is released, 
leading to expulsion of protoplasm in neighbouring environment, 
thus resulting in the development of new ghost cell. During 
this process, periplasmatic space is sealed without affecting 
peptidoglycan.[20] The, so formed bacterial ghost contain desired 
cell structure along with memberane protein, pili, and adhesins, 
which exist as basic organization and thus pretends like a living 
bacteria. Bacterial ghosts are produced by fermentation process 
[batch fermentation]. As all the cytoplasmic material is released, 
residual bacterial DNA is deactivated by staphylococcal nuclease 
A by treatment with β-propiolactone. The whole process takes 
place within a day and thus rapid production of bacterial ghost 
is feasible.[21]

PHARMACEUTICAL APPLICATIONS OF 
BACTERIAL GHOST

Bacterial ghost as drug delivery system
Bacterial ghost can be targeted toward dendritic cells and 
macrophages,[22] microvascular endothelial cells,[23] ocular 

surface diseases[24] as well as in gene transfer to melanoma 
cells.[25] Bacterial ghosts are also studied for targeting potential 
toward human conjuctival epithelial cells using some in vitro 
models like Chang conjunctival epithelial cell line and primary 
human conjunctiva-derived epithelial cells. These studies 
concluded efficient internalization of bacterial ghost in corneal 
cells lines with no cytotoxicity.[24] Use of anticancer agents is 
often related with a large number of side effects. Delivery of 
cytotoxic agents via bacterial ghost provides a novel platform for 
cancer targeting. Bacterial ghosts from Mannheimia haemolytica 
loaded with doxorubicin are studied against human colorectal 
adenocarcinoma cells, whereby potent anticancer activity was 
observed with ghost loaded with doxorubicin as compared with 
plain drug in terms of higher antiproliferative effects.

Use of bacterial ghost as an effective model to control fertility on 
animal model [Trichosurus vulpecula] has been documented. 
Ghosts encapsulated with possum zona pellucida protein-2 
when subjected to be applied to the nostrils and eyes of female 
Trichosurus vulpecula, and its effects on fertility was determined 
by superovulation and artificial insemination. Ghosts provoked 
humoral and cell-mediated immune leading to fertilization 
of only few eggs. Effects of immunisation on fertility were 
assessed, following superovulation and artificial insemination. 
Both constructs evoked humoral [antibody] and cell-mediated 
immune responses in possums and significantly fewer eggs were 
fertilized in females immunized against zona pellucida protein-
2C ghosts.[26]

Bacterial ghost for protein and peptide delivery
Escherichia coli ghost carrying hepatitis B virus core 149 
[HBcAg-149] proteins anchored in inner and the outer membrane 
of E. coli was compared. Both these strategies demonstrated an 
excellent means to deliver HBcAg-149 as antigen to female 
BALB/c mice.[27] Vaccine with adequate spectrum of activity is 
often desired for population. V. cholera vaccine as whole-cell 
cholera and toxoid vaccines has only offered transient protection. 
V. cholera ghost were administered to reversible intestinal tie adult 
rabbit diarrhoea model. Vaccination by V. cholera ghost resulted 
in increased levels of serum vibriocidal titers.[28]

Bacterial ghost also offer a promising approach to immobilize 
plasmid DNA which offer a novel carrier along with intrinsic 
property of immunogenicity of gram-negative bacterial cell 
envelop.[29] Tumor cells and antigen presenting cells when 
transfected with bacterial ghost with plasmid DNA phagocytised 
them, bacterial ghost with antigens are capable of activating 
CD4+ and CD8+ T cells and thus elicit immune response 
against antigens which are expressed against target cells.[30]

Delivery of nucleic acid via bacterial ghost
Bacterial ghost technology could be an innovative approach 
in vaccine development due to their interaction and uptake 
by macrophages, monocytes, and dendriatic cells.[31] Nucleic 
acids can easily be incorporated inside bacterial ghost system. 
Lyophilized bacterial ghost are suspended in DNA solution and 

Figure 1: Role of bacterial ghost in drug delivery
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then washed to remove excess of DNA. This system could be easily 
be used for DNA and gene delivery. About 3000 minimum sized 
DNA plasmid copies could be encapsulated in ghost system.[32]

Immunization by bacterial ghost
Effective immunization against gram-negative bacteria can be 
achieved using bacterial ghost technology. Vaccination of pigs 
with Actinobacillus pleuropneumoniae resulted in prevention 
of colonization of pathogen and effective immunization 
without any adverse effect.[33] Bacterial ghost from P. multocida 
and M. haemolytica have been successfully evaluated for their 
immunogenic potential, where ghost effectively protected the 
animal models comparable to standard vaccines available in 
markets.[6,8] Preclinical testing on V. cholera ghost has been 
successfully completed, where mucosal administration of 
bacterial ghost has offered maximum protection due to humoral 
and cellular immune response.[31,34]

Immunostimulating components like pathogen-associated 
m o l e c u l a r  p a t t e r n s  c o n s t i t u t i n g  p e p t i d o g l y c a n , 
lipopolysaccharides, monophosphoryl lipid A, and so on are 
present on ghost surface, which, on interaction with cellular 
components, evoke immune response.[31] Bacterial ghost also 
serve as an important means for enzymatic reactions. Although 
bacterial ghosts are produced when cytoplasmic material of 
bacteria is expelled out, but removal of cytoplasmic material 
do not confer total loss of enzymatic activity. Enzymes like 
membrane-bound β-galactosidase and chloramphenicol acetyl 
transferase are known to be present on bacterial surface.[35,36]

FUTURE PERSPECTIVE

Bacterial ghost technology is one of the challenging approaches 
for effective drug delivery. Recently, some ghost vaccines are 
under clinical studies. The future of the bacterial ghost vaccine 
seems to be promising, still some challenges like antigenecity 
of bacterial ghost, and their stability, site-specific drug delivery, 
and so on are required to be controlled. The future of bacterial 
ghost seems to be promising. Bacterial ghost system could be 
utilized for delivery of prophylactic and therapeutic vaccines to 
treat a number of infectious and non-infectious diseases. Current 
concepts and progress in the field of biotechnology, bacteriology, 
immunology, and genetics has aided in development of bacterial 
ghost system. The ‘inbuilt natural antigenic potential’ of bacterial 
ghost enhances its in vitro as well as in vivo performance for 
the delivery of drugs and biotherapeutics. Thus, bacterial ghost 
technology would definitely replace use of live or attenuated 
bacteria as vaccines.[37]

A number of reports support the effectiveness of bacterial 
ghost for the delivery of drugs, vaccines, and biotherapeutics 
in mammals.[38,39] The future of bacterial ghost would lie on 
their ability to deliver drug to target sites. However, a number 
of obstacles like immunogenicity of ghost system, lack of drug 
concentration at site of action, and sometimes poor invasion of 

ghost in cell may arise. Therefore, it is an immediate need to 
optimize, validate, and authenticate the overall production step 
of bacterial ghost. At the same time, it would also be necessary to 
evaluate the production variables for reproducible results. Safety 
issue is another matter of concern allied with bacterial ghost. The 
system seems to be unfit for immunocompromised individuals. 
Thus, over all a lot of work is required to be done.

CONCLUSION

Bacterial ghost represents a novel platform for delivery of various 
types of pharmaceuticals and biological. Such system may prove 
to be useful in terms of effective drug delivery. However, bacterial 
ghost system for delivery of drugs and biological is still a new 
concept and a series of detailed systematic studies are required 
to implement such system over humans.
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