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Expression of  a Chlamydia Vaccine     

Candidate in Arabidopsis thaliana and 
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SUMMARY

Introduction

Yearly, 90 million people are infected with C. trachomatis 
[1]. Even though it is easily treated with antibiotics [3] 
the often-asymptomatic infection often spreads prior to 
detection [1]. A vaccine is therefore of  great interest. A 
chimeric major outer membrane protein (MOMP) of  
C. trachomatis has in earlier studies proved to contain the 
epitopes necessary for immunization [9]. In this thesis 
the chimeric MOMP gene was cloned and expressed in 
E. coli. Furthermore, the expression of  the protein was 
analyzed in previously transformed A. thaliana.

Materials and Methods

The chimeric MOMP gene was cloned into E.coli. Fol-
lowing vector amplification, the gene was expressed and 
the protein purified by affinity chromatography.
Seeds from different lines of  previously transformed A. 
thaliana were screened by PCR. Hits were then analyzed 
by western blot. 
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Results

The results show successful cloning and expression of  
the chimeric MOMP gene in E. coli. The following pro-
tein purification did result in purified protein, however 
in low concentration.

For the A.thaliana lines, the presence and correct ori-
entation of  the gene was verified in some of  the lines 
screened. The B7 line was verified to express the pro-
tein.

Discussion

The low concentration of  purified protein in E.coli was 
probably due to un-optimized imunnoprecipitation 
conditions. In expression analysis of  A. thaliana, purifi-
cation of  plant samples by immunoprecipitation prior 
to running western blot gave results, whereas running 
un-purified samples in urea buffer did not, probably 
due to interfering proteins in wild type plants.



INTRODUCTION

Genital Chlamydia infection, caused by Chlamydia tra-
chomatis is the most common sexually transmitted infec-
tion (STI) in the world. It has been estimated that 90 
million people worldwide are infected yearly [1]. The 
bacteria infect the epithelial monolayer in the endocer-
vix in women and urethra in men. Untreated in women, 
the infection can spread to the fallopian tubes causing 
pelvic inflammatory disease (PID), potentially resulting 
in infertility and ectopic pregnancies [2].

There is a great concern with the rapid spread of  the 
STI, especially in developing parts of  Africa and South- 
and Southeast Asia [1]. Even though Chlamydia infec-
tion is quite easily treated with antibiotics [3], it is often 
almost asymptomatic, especially for infected women. 
With limited access to screening facilities in most de-
veloping countries it can spread prior to detection and 
treatment [1,2]. Moreover, certain serovars (strains) of  
the bacteria causes neonatal eye infection – trachoma  
– a major cause of  blindness in the developing countries 
[4].

No doubt, the development of  a C. trachomatis vaccine 
could slow down the current epidemic [1] and recent 
discoveries in immunology and biochemistry have 
placed a fully working Chlamydia vaccine within an 
arms reach. Once such discovery is the need of  both B- 
and T-cell epitopes in a vaccine antigen for C. trachomatis 
administered with a suitable adjuvant [5] . Another is 
the apparent connection between the human mucosal 
immune system, meaning that vaccine administered as 
a nasal spray can lead to full immunization of  the geni-
tal mucosa [6]. 

One promising vaccine candidate, the major outer 
membrane protein (MOMP) has in several studies given 
rise to immune responses in mice [7]. The protein cov-
ers most of  C. trachomatis outer membrane [8] and con-
tains several B- and T-cell epitopes [9]. Being a large 
membrane spanning protein it has proven to be difficult 
to express in E. coli and A. thaliana [9]. However, two 
loop segments (VS2 and VS4) of  the protein together 
with some transmembrane regions contain several of  
these crucial epitopes. This leads to the possibility that a 
modified, chimeric MOMP, containing these antigenic 
epitopes and of  greatly reduced size, could function as 
an antigen as well as being expressed in E. coli and A. thaliana [9].

The choice of  expression host is indeed an interest-
ing aspect of  vaccine development that, among other 
things, could affect the physico-chemical properties of  
the expressed antigen. For instance, in a yet unpublished 
study by Kalbina et al., chimeric MOMP expressed in 
transgenic Daucus carota was found to be predominately 
soluble while it was insoluble when expressed in A. thali-
ana [9]. 

The classical use of  E. coli as an expression host has 
multiple advantages including short generation time, 
multiple strains and standardized methodological pro-
cedures as well as equipment [10]. Plants however, offer 
other colors to the palette – while the generation time is 
considerably longer, they are stable, easily manageable 
and do not contain any human pathogens. They also 
provide the possibility to express several antigens in one 
plant [11].

In this thesis, the expression of  a chimeric MOMP of  
serovar E in E. coli and A. thaliana was investigated. Pre-
viously transformed A. thaliana lines were analyzed by 
PCR and western blot to provide verification of  plant 
lines expressing the protein. E. coli was transformed 
with the chimeric MOMP genetic construct after which 
the protein expression was induced and the protein was 
purified by affinity chromatography. The overall pur-
pose was to produce pure chimeric MOMP to be used 
in animal experiments.

AIMS

i) To transfer the chimeric MOMP gene into E.coli, ex-
press the protein and to purify it.

ii) To grow and analyze three types of  potentially trans-
formed A. thaliana seeds, transformed to contain the chi-
meric MOMP gene connected to a polyHis-tag in dif-
ferent orientations (C-terminal, N-terminal and both). 

BACKGROUND

C. trachomatis has a great number of  immune-evasive 
strategies that has greatly influenced the current ab-
sence of  an effective vaccine: its unique life history, it’s 
apparently inherited ability to alter important epitopes 
between generations and its manipulation of  the im-
mune system are just some of  them. 

1.



In this background, I attempt to clarify these various 
strategies and the current challenges in C. trachomatis 
vaccine discovery.

Chlamydia trachomatis

C. trachomatis is an obligate intracellular bacterial patho-
gen with two distinct life stages. In its infectious, migra-
tive form, the pathogen is called an elementary body 
(EB). After infection C. trachomatis transforms into its in-
tracellular form, called reticular body (RB). The latter is 
the metabolically active one, replicating inside the host 
cell to finally form new infectious EBs [12]. 

Inside the host, C. trachomatis uses the endomembrane 
trafficking highway and interacts with the ER and the 
Golgi apparatus, scavenging lipids as wells as nutrients 
from the cytoplasm. Fusion with lysozomes is an ap-
parent risk for the bacteria [13]. However, by hijack-
ing an endosome, the pathogen forms an organelle-like 
inclusion – a membrane-enclosed world within another 
membrane-enclosed world - which protects the bacteria 
from lysozome identification as well as prevents activa-
tion of  various factors which signal the immune system 
that the cell is infected. Cell growth and replication oc-
curs within this inclusion [2].

There are 18 distinct serovars of  C. trachomatis. The clas-
sification is based on the epitopes of  the Major outer 
membrane protein (MOMP) [2].

Even though MOMP is very similar (84-97%) between 
the serovars [8], the difference affects the serovars to 
have different pathological effect [2]. Moreover, it is a 
dominating feature of  C. trachomatis, covering approxi-
mately 60% of  the total protein mass of  the outer mem-
brane in EB and near 100% of  the RB [8]. 

There are strong indications that MOMP is involved in 
recognition of  Chlamydia bacteria by the host immune 
system and there are several epitopes associated with T- 
and B- cell recognition on the protein [12, 14].

C. trachomatis intracellular lifestyle, different serovars 
and various immune evasive strategies have made the 
development of  an effective vaccine quite problematic. 
Protective immunity against extracellular pathogens is 
acquired by functional antibodies. However, to acquire 
immunity against the intracellular C. trachomatis a com-
bined humoral- and cell-mediated immunity is needed, 

more specifically by the combined actions of  IFN-gam-
ma secreting CD4+ Th1 cells as well as antibodies, re-
leased by B-cell derived plasma cells.  An effective vac-
cine must therefore contain both B- and T-cell epitopes 
[5].

Major Outer Membrane Protein

MOMP is a large transmembrane protein, around 40 
kDa. There has not been a successful visual representa-
tion of  the protein by X-ray crystallography. However, 
there are indications that it has 16 transmembrane do-
mains and that the membrane penetrating beta-sheets 
form a beta-barrel, giving the protein porine-like fea-
tures. Interestingly, the intracellular beta-sheets-inter-
connecting peptides are short and relatively well con-
served (constant segments: CS) between C. trachomatis 
serovars while some of  the extracellular segments are 
longer, loop forming and prone to mutate. There are 
four of  these variable sequence (VS) domains where 
amino acid replacement occurs. These replacements 
however are confided to the VS domains. VS domains 
are highly immunogenic and central in the recognition 
by the immune system [12], which could explain that 
the amino acids readily are replaced here – it might be 
an obvious evolutionary advantage for the bacteria to 
alter the epitopes, used by the immune system.  

Image 1: Visual representation of major outer membrane 
protein (MOMP). Red represents VS2 and VS4 loops as well 
as some transmembrane regions used in the chimeric con-
struct [9].
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Chimeric MOMP Construct

Interesting studies have shown that the VS2 and VS4 
loops of  MOMP together contain the T- and B-cell epi-
topes required for a functioning antigen, thus inducing 
both T- and B-cell response. Kalbina et al have designed 
a chimeric MOMP construct that contains VS2 towards 
the N-terminus and VS4 at the C-terminus, intercon-
nected by an amino acid linker; (Gly4Ser)2Gly4. The de-
sign also features some transmembrane segments con-
taining T-cell activating epitopes [9].

MATERIALS AND METHODS

Transformation and Expression of  Chi-
meric MOMP in E. coli 

Cloning of  the Chimeric MOMP Gene into pET101 
TOPO Vector

The insert of  a plasmid of  chimeric MOMP, kindly 
provided by I. Kalbina, was amplified by PCR. The 
cloning would be performed using the Champion pET 
Directional TOPO Expression Kits, using the pET101/
D-TOPO (5754 bp) vector (Invitrogen, Carlsbad, CA) 
(image 3) . For this reason the forward primer (FP) (table 
1:I) contained a CACC-segment on the 5 ́end before 
the start codon. The segment was a requirement for the 
cloning procedure. The reverse primer (RP) (table 1:II) 
contained a stop codon (TCA). By introducing the stop 
codon, the gene would not contain the V5 and 6xHis 
tags downstream of  the cloning site, once ligated into 
the vector. 

Image 3: pET101/D-TOPO vector

The PCR was set up according to Phusion - High Fi-
delity DNA Polymerase protocol. FP and RP final con-
centrations were 0.2 pmol/µl each, dNTPs 200 µM, 
polymerase 0.02 U/µl. 1 µl DNA template was added 
to a Vtot of  50 µl. The polymerase was proofreading and 
produced blunt ends. 

PCR was run at initial denaturation at 98°C for (30 s) 
followed by 35 cycles of  denaturation at 98°C (10 s), 
annealing at 60°C (30 s) and extension at 72°C (30 s). 
Final extension was set at 72°C (10 min). After verifica-
tion by gel electrophoresis, the products were purified 
using the QIAquick PCR Purification Kit (QIAGEN, 
Hilden, Germany).

Image 2: Two possible conformational representations 
of  the used chimeric MOMP construct. [10]
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The purified PCR products were cloned into the previ-
ously described pET101/D-TOPO vector containing 
ampicillin/carbenicillin resistance as a selective marker 
according to the manufacturer’s instructions. 

Amplification of  Vector Construct

The gene-containing vector was amplified by transfor-
mation into chemically competent E.coli (DH5-α). The 
vector was mixed with the bacteria, cooled on ice and 
subjected to heat shock at 42°C. S.O.C-medium was 
added and the bacteria were incubated at 37°C (2 h) 
and then spread on LB agar plates (1% peptone, 0.5% 
yeast extract, 1% NaCl, bacto agar 1.5%) containing 50 
µg/ml carbenicillin. 

After incubation over night, detected colonies were 
transferred to 5 ml LB with carbenicillin 50 µg/ml and 
incubated (37°C) in a shaking incubator over night. 
They were also analyzed by PCR to verify that the gene 
had been inserted in the vector in the correct orienta-
tion. 

During analysis, the colonies were (individually) resus-
pended in 25 µl H2O and heated at 95°C (10 min). The 
suspension was then centrifuged at 13 000 rpm (5 min). 
10 µl of  the supernatant was used in each subsequent 
PCR reaction. 

Two PCR reactions were set up both using the Dream-
Taq Green DNA Polymerase system (Fermentas) ac-
cording to the manufacturer’s protocol and with a total 
volume of  25 µl. The main difference between the two 
reactions was that different forward primers were used, 
whereas the same RP (image 5:II) was used in both re-
actions. In the first PCR, the presence of  the gene was 
analyzed with FP (image 5:I). The cycling conditions 
were: 95°C (3 min), then 35 cycles at 95°C (30 s), 55 
°C (30 s), 72°C (1 min) followed by a final extension for 
15 min. In the second reaction, the correct orientation 
of  the insert was analyzed. The forward primer cor-
responded to the T7 promotor site (image 5:V), located 
upstream to the start codon of  the gene. Cycling condi-
tions were similar to the first PCR with the only differ-
ence in annealing temperature, set to 51°C.

After verification of  the insert’s orientation, the bacte-
rial suspension was subjected to plasmid DNA purifi-
cation, using the QIAprep spin kit (QIAGEN, Hilden, 
Germany). 

The purified plasmids were analyzed by DNA-sequenc-
ing, using the BigDye Terminator v3.1 Cycle Sequenc-
ing Kit-system (Applied Biosystems, Foster City, CA) 
and according to manufacturer’s instructions. For each 
plasmid, two PCR-reactions were set-up in 10 µl vol-
ume, each containing either RP or FP. The cycling 
conditions for the PCR were 98°C (1 min), then 98°C 
(15 s), 50°C (15 s), 60°C (4 min) cycled 25 times. The 
products were precipitated overnight with 1 µl 125 mM 
EDTA, 1 µl 3 M sodium acetate, 25 µl 99.7% ethanol. 
They were then centrifuged at 13 000 rpm and 4°C (1 h) 
and the supernatant was removed. The pellet was resus-
pended in 35 µl 70% ethanol, centrifuged at same speed 
and temperature (1 h). The supernatant was removed 
and sequencing was conducted at the Örebro Univer-
sity Hospital.  

Pilot Expression of  the Chimeric MOMP Gene

The vector was transformed into chemically compe-
tent E.coli (BL21 Star (DE3)), using the Champion pET 
Directional TOPO expression Kit according to the 
manufacturer’s protocol. After heat shock, 42°C (30 s) 
the bacteria were first incubated in S.O.C medium (30 
min), followed by incubation over night in 10 ml LB 
medium, 50 µg/ml carbenicillin.

A pilot protein expression was conducted in which 500 
µl of  the overnight culture was inoculated in 10 ml LB/
carbenicillin medium and grown until OD600 was 0.7. 
At this point, the culture was divided in two 5 ml frac-
tions. In one of  them IPTG was added to a final con-
centration of  1 mM. 500 µl aliquots were removed from 
each culture every hour, centrifuged at 13 000 rpm (30s) 
and the supernatant was removed. Aliquots were taken 
at 1, 2 and 3 hours (T0 – T3).

The pelle from the aliquots were resuspended in lysis 
buffer (50 mM Tris, 1 mM EDTA, 10 mM MgCl2, pH 
8). The cells were sonicated followed by subjection to 
three freeze-thaw cycles by switching from liquid nitro-
gen to a 42°C water bath. 

The suspension was centrifuged at 13 000 rpm, 4°C (1 min). 
The supernatant (soluble phase) was mixed with equal 
amounts of  2xSDS sample buffer while the pellet (in-
soluble phase) was resuspended in 1x SDS sample buf-
fer. 10 µl of  the soluble and 5 µl of  the insoluble phase 
was loaded separately on 15% polyacrylamide gel for 
SDS-PAGE. Western blot was conducted: blocking; in 
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1% BSA (Sigma-Aldrich, St. Louis, MO) in TBST (20 
mM Tris, 150 mM NaCl, 0.05% Tween-20, pH 7.5); 
primary antibody: anti-MOMP IgG from mouse (Ac-
ris GmbH, Germany); secondary antibody: anti-mouse 
IgG conjugated with alkaline phosphatase (Sigma-Al-
drich).

Purification of  Expressed Chimeric MOMP

Purification was done by means of  immunprecipita-
tion, using the Pierce Direct IP Kit (Thermo Scientific, 
Rockford, IL). 

Previously transformed bacteria were grown in 100 ml 
LB/carbenicillin medium to OD600 = 0.6. Protein ex-
pression was induced with 1 mM IPTG. The cells were 
harvested by centrifugation (13 000 rpm, 4°C (10 min)) 
after two hours (according to the results of  the pilot ex-
pression). The pilot expression showed that chimeric 
MOMP expressed in E. coli was mostly insoluble. The 
pellet was therefore resuspended in 3 ml urea buffer 
(50 mM Tris, 8 M Urea, 0.1 mM DTT, 1.1% Triton) 
and a few crystals DNase I. The bacteria were lysed 
using the freeze-thaw procedure previously described (5 
times), followed by sonication. The suspension was then 
centrifuged at 13 000 rpm (5 min) and the supernatant 
containing the protein was collected.

One of  the requirements of  the Direct IP Kit was that 
the antigen-containing buffer should not contain any 
amines, which compete with the antigen for the cou-
pling sites of  the resin. Therefore, the urea had to be re-
moved. This was done using the Amicon Ultra-10 Cen-
trifugal Filter Device (Millipore, Carrigtwohill, Ireland). 
The centrifuge tube of  this device contains a filter unit 
with cutoff  10 kDa. The supernatant was added to the 
tube together with 0.1 M PBS buffer and centrifuged at 
13 000 rpm (45 min). After this,  the flow-through was 
removed and more PBS was added to the concentrate. 
The procedure was repeated 2 times.

The coupling of  the anti-MOMP antibodies to the 
resin, antigen immunoprecipitation and antigen elution 
was done according to the Direct IP Kit protocol. It was 
scaled up so that the resin bound 200 µg antibody. 600 
µl of  the supernatant was used in the immunoprecipita-
tion, incubation was done overnight and 225 µl elution 
buffer was used during antigen elution. Aliquots were 
taken during the process and analyzed by SDS-PAGE 
followed by Coomassie Brilliant Blue staining (Fermentas, 
Vilnius, Lithuania).

Expression of  His-chimeric MOMP in 
A. thaliana

Transgenic A. thaliana Lines

Seeds from three different transgenic A. thaliana lines 
were analyzed. All three lines (A, B and C) had pre-
viously been transformed to contain the His-chimeric 
MOMP gene. The difference between them was the 
location of  the His-tag. In construct A, there was a His-
tag on both the N- and C-terminal, the B-construct had 
a His-tag solely on the N-terminal whereas the C-con-
struct had the tag on the C-terminal (image 4).

Vector Construct

The plant transformation had been done using the 
pGreen0229 vector [15]. The vector contains a T-
DNA-region, enclosed by a left border (LB) and a right 
border (RB). The chimeric MOMP gene cloned within 
this region is controlled by a CaMV 35S promoter at 
the 5’ end and a CaMV poly A terminator at the 3’ end. 
As mentioned above, the difference between the A, B 
and C lines lied in the position if  the poly-His-tag. 

Image 4: Vector constructs of  A.thaliana lines A, B and 
C. Primers used for gene screening are represented as 
arrows. 
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Sowing and Growth of  Transgenic Plants

The seeds were sterilized by washing in 70% ethanol (2 min), 
then in 5% NaOCl + 0.05% Tween 20 (15 min) followed 
by 5 x 5 min in autoclaved water. The seeds were then 
mixed in 0.15% autoclaved agar solution and distrib-
uted in drops on autoclaved MS-medium (Murashige 
& Skoog medium 4.4g/l, sucrose 10 g/l, plant agar 10 
g/l, pH 6) supplemented with 10 µg/ml BASTA. Plants 
were grown in 16 h light, 8 h darkness. 

Screening of  Transgenic A. thaliana

After germination and growth, the presence and the cor-
rect orientation of  the gene in the different plant lines 
were analyzed by PCR. This was done by the REDEx-
tract-N-Amp Plant PCR Kit (Sigma-Aldrich, St. Louis, 
MI) according to the manufacturer’s protocol. To verify 
that the insert was in the correct orientation, one of  the 
used primers was from the gene and the other from the 
cassette. For lines A and B; “N” His FP and 35S RP 
were used (both had its His-tag in the 5’ end). Line C, 
which had its His-tag in the 3’ end; 35S FP and “C” His 
RP were used (see image 4 and table 1). Primer con-
centrations were 0.25 pmol/µl each. The PCR cycling 
conditions were 94°C (3 min), then 35 cycles at 94°C 
(1 min), 55°C (1 min), 72°C (1 min), followed by final 
extension at 72°C (10 min). 

Western Blot Analysis of  Screened Plants

After screening by PCR, the plants showing positive re-
sults were selected and analyzed for expression of  the 
protein by means of  western blotting. 0.07 g of  plant 
tissue was ground in 50 µl Tris buffer (Tris-HCl 50 mM, 

pH 7.3) containing 10 mM PMSF and centrifuged at 
13000 rpm (5 min). The supernatant was removed (sou-
ble phase). The plants were then once again ground, 
this time in 50 µl urea buffer (insoluble phase). Samples 
were loaded on 15% polyacrylamide gel and run on a 
SDS-PAGE. In the initial western blot, two different 
primary antibodies were used: anti-MOMP antiserum 
from mouse 0.2 µg/ml and anti-polyHis antibodies 
from mouse (Sigma-Aldrich, Steinheim, Germany) (4 µl 
of  1:6000). Secondary antibody was anti-mouse IgG 
conjugated with AP (2 µl of  1:5000). Both soluble and 
insoluble fractions were tested. 

Clear bands could not be obtained and a series of  op-
timizations were conducted. The amount of  loaded 
sample varied between 5 µl and 20 µl per well, the con-
centration of  primary and secondary antibody varied 
between 0.2 µg/ml and 4 µg/ml for anti-MOMP anti-
serum, from 0.75 to to 5 µl/ml for the anti-polyHis an-
tibody and from 0.75 to 2.75 µl/ml for the anti – mouse 
IgG antibody. 

To reduce interference, purification was attempted be-
fore running the SDS-PAGE. This was done for line B 
by immunoprecipitation, using the previously made gel 
column. 0.13 g plant tissue was ground in 75 µl urea 
buffer. The urea buffer was removed using an Amicon 
Ultra-10 filter device. The sample was incubated on 
the gel column overnight and eluted with 60 µl elution 
buffer from the Pierce direct IP Kit. Western blot was 
conducted with the negative control being an A.thaliana 
wild type extract that had not been immunoprecipitat-
ed. Antibody concentrations used were: 6 µg/ml anti-
MOMP antiserum from mouse, 2.5 µg/ml anti-mouse 
IgG antibody. 

Table 1: Primer sequences
  I.  Chi-MOMP FP   5’- CACCATGGGAGATAATGAAAA-3’   

  II.  Chi- MOMP RP   5’-TTCGAATAGTACTCGCCTCAGGAGACGATTTG-3’

  III.  “N” his FP   5’-CTACTCTAGAATGCATCATCACCATCACCATGGAGATAATG

  IV.  “C” his RP   5’-CTACTCTAGATCAATGGTGATGGTGATGATGGGAGAC   
     GATTTGCATGT-3’

  V.  T7 FP    5’-TTAATACGACTCACTATAGGGG-3’

  VI.  35 S FP    5’- GAGCATCGTGGAAAAAGAAGA

  VII.  35 S RP    5’-CTTATCGGGAAACTACTCACACATT
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RESULTS

Transformation and Expression of
Chimeric MOMP in E. coli

Cloning of  Chimeric MOMP Gene into the Vector

Analysis by agarose gel electrophoresis showed bands 
of  the expected size (ca 350 bp) after gene amplification 
as well as after gene purification (image 5 and 6).

Sequencing of  the Amplified Chimeric MOMP Gene

The DNA sequencing verified that the gene had been 
successfully cloned. It also showed that a point muta-
tion had occurred at position 179. The affected codon 
was GGG which was mutated into GGA. Both codons 
however, translate into glycine. 

Pilot Expression of  Chimeric MOMP in E.coli

The Western blot, set up to analyze the pilot expression, 
showed bands in aliquots induced by IPTG both in the 
soluble and insoluble phases, although they were con-
siderably stronger in the latter. No bands could be seen 
in aliquots from bacteria not induced by IPTG. Fur-
thermore, the strongest band was seen at T2, indicat-
ing that the optimal time of  protein harvest with 1 mM 
IPTG was two hours after induction (image 7 and 8).

Purification of  Chimeric MOMP by Immunoprecipitation

During immunoprecipitation and subsequent antigen 
elution, four aliquots were taken: the sample that was 
coupled to the resin (I), the flow-through solution after 
antigen incubation on the resin (II) and the eluted prod-
uct (III). To see how effective the elution was, a second 
elution was done (IV) (image 9).

Bands of  the expected size (13 kDa) could be seen in all 
aliquots, as well as bands at 25 and 50 kDa that could 
be explained by di- and tetramerisation, respectively, of  
the chimeric MOMP. Comparing sample I with sam-

Image 5: PCR following gene amplification. A band is seen at 
the expected size (ca 350 bp).

Image 6: PCR following gene purification. A band can be seen 
at the expected size (350 bp).

Image 7: Insoluble fractions of pilot expression of chimeric 
MOMP in E.coli. The strongest band can be seen at T2 -- 
IPTG

Image 8: Soluble fraction of pilot expression of chimeric 
MOMP in E. coli. Bands are weaker than in the insoluble 
fraction. Strongest band on the membrane can be seen at T2 
IPTG
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ple III, there is a significant difference in purity since 
sample III has fewer bands of  which the band of  the 
expected size is considerably stronger than the others. 
However sample I has stronger bands of  the expected 
size in comparison to sample III. This indicates that 
a considerable amount of  the chimeric MOMP failed 
to bind properly to the resin and was washed out after 
incubation. This is supported by the fact that sample 
I and II appear almost identical. Bands in sample IV 
were barely noticeable, indicating that the first elution 
worked properly. 

Image 9: SDS-PAGE on aliquots from immunoprecipita-
tion. I: Coupled sample, II: washed out after coupling, 
III: eluted protein, IV: second elution. The positive 
control (pK) used was chimeric MOMP containing a 
polyHis-tag, thus its bigger size. 

Analysis of  Chimera Expression in 
Transformed A.thaliana lines

PCR Screening of  Transgenic A. thaliana lines 

Two separate PCR reactions were run; one for lines A 
and B and the other for C. From the first reaction A3-
A5, B6-B9 and B11 gave positive results (image 10) and 
were analyzed by western blotting. In the second reac-
tion, the two plants belonging to the C-line did not give 
any positive results (image 11).

Image 10: PCR results from different A. thaliana plants 
of  lines A and B

Image 11: PCR results on A.thaliana line C. Results 
indicates abscence of  gene in the correct orientation. 
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Western Blot Analysis on Positive Hits on Transgenic 
A. thaliana lines

Initial expression screening failed to result in any clear 
bands that did not correspond to bands also seen in the 
wild type A. thaliana (Col-0) used as negative control. 
The initial attempts to optimize the western blot pro-
cedure - altering sample and antibody concentrations 
- did not give any postitive results on any of  the investi-
gated plant lines.

By purifying the line B7 plant sample by immunopre-
cipitation prior to running a western blot however, the  
western blot resulted in a band of  expected size – ap-
proximately 13 kDa (image 11). Line B7 was the only 
plant line that was purified in this way before western 
blotting.   

Image 11: Western blot results for line B7. Visible band can 
be seen in the expected size range (at approximately 13 kDa).

DISCUSSION
The results obtained during the project indicate that 
the chimeric MOMP gene was successfully cloned and 
expressed in E. coli. However, whereas the immunopre-
cipitation did purify the protein to some extent, it failed 
to yield a high concentration of  the purified protein – it 
appears most protein did not bind to the antibodies on 
the gel and were washed out. It is quite probable that 
this was caused by non-optimized immunoprecipitation 
conditions. Some modifications in concentration of  the 
antibody coupled to the gel, the amount of  protein al-
lowed to precipitate and the buffer used should result in 
a higher amount of  purified protein.

Several plant lines of  A and B constructs were proven to 
contain the chimeric MOMP gene. The expression of  
the product of  the gene could however not be verified 
by western blotting using crude plant extracts.

It is possible that the protein concentration simply was 
to low to be detected with the antibody concentrations 
used. Interestingly, there appears to be at least one epit-

opic analogue to MOMP in A. thaliana wild type (Col-0) 
that appeared as bands of  a size between 15-20 kDa in 
all plants tested. If  this is the case, further western blot 
optimization could result in clear bands. Another course 
of  action would be to change the monoclonal primary 
antibody to one binding to another epitope – hopefully 
avoiding the interference of  the supposed analogue. 

The sample from the B7 line was purified by immuno-
precipitation prior to western blotting that resulted in a 
band of  expected size. However, the wild type sample 
(Col-0) was not subjected to the same immunoprecipi-
tation and western blot procedures as B7. Even though 
the indications are quite strong that B7 expresses the 
protein this should be further validated. 

The course of  action of  purification by immunopre-
cipitation before running a western blot however, seems 
promising in future analysis of  chimeric MOMP ex-
pression in A. thaliana. 
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