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1 Executive summary

This project aimed to produce tools that will assist in the reduction of methane emissions
from ruminants. The two strategies that were investigated were (1) the identification of
specific compounds which could be used to inhibit the activity of methanogens in the rumen
and (2) identification of proteins from methanogens which could be incorporated into a
vaccine to reduce methane emissions.

In strategy one, the goal was to discover novel compounds that are able to specifically inhibit
the growth of rumen methanogens. Our hypothesis was that by employing powerful in silico
screening and molecular modelling techniques, potent and specific inhibitors of the dominant
rumen methanogens species could be discovered and employed to mitigate methane
production in ruminants. The large majority of this work has centered on using already-
published crystal structures for modelling using the respective Methanobrevibacter
ruminantium sequences. Three enzyme structure models of a dominant rumen methanogen
were constructed based on already-published and publicly available crystal structures and
used to screen chemical libraries containing tens of thousands of compounds. The enzymes
targeted catalyse key steps in archaeal lipid synthesis (hydroxymethyl glutaryl CoA
reductase), methanogen cofactor synthesis (F420 CofD, 2-phospho-L-lactate transferase) and
Mer of the methanogenesis pathway (N(5),N(10)-methylenetetrahydromethanopterin reductase).
Initial crystallisation attempt were carried out on HMG CoA with little or no success. A large
number of compounds were identified as plausible inhibitor candidates. The active sites of
the enzymes were studied and subsets of these compounds obtained for testing in vitro assays.
A number of compounds were found to be inhibitory to rumen methanogen growth in pure
culture experiments and in vitro. Contracted outputs (see Appendices) have been met with
three enzymes structure models constructed and used to screen libraries. Our hypothesis has
been validated with its successful implementation and identification of inhibitors of rumen
methanogen enzyme activity (HMG-CoA — see appendices) and growth in pure culture.

The development of a vaccine to reduce methane emissions from ruminants such as sheep,
deer and cattle will require key vaccine antigens to be identified from methanogens. Our
hypothesis is that ideal vaccine candidates are proteins which are membrane associated and
are exposed on the surface of the methanogen cells. Such proteins would be accessible to
binding of anti-methanogen antibodies that enter the rumen via the saliva following
vaccination of animals. Existing methods to produce sub-cellular fractions from methanogens
to identify vaccine targets have tended to identify predominately intracellular proteins and this
has been an obstacle to identifying suitable vaccine candidates. In this project, a novel
method was developed to identify surface-associated proteins in methanogens. Cell surface
extracts which were enriched for membrane associated proteins were produced from dominant
rumen methanogens. From these extracts, 13 potential vaccine antigens were identified by
mass spectrometry methods. Four of the proteins were produced as recombinant proteins in
Escherichia coli, using the protein sequences from a dominant rumen methanogen,
Methanobrevibacter sp. SMO. These proteins were evaluated as antigens for a prototype anti-
methanogen vaccine. This new strategy to identify antigens for a vaccine is complementary
to the already established procedure of predicting vaccine candidates from an analysis of
methanogen genome sequences. Contracted outputs (see appendices) have been met with >10
potential vaccine candidates being identified and three or more recombinant proteins
produced and tested. Our work has developed a novel approach to identifying vaccine targets
which will assist in our search for vaccine antigens, in particular membrane-associated
proteins. Our hypothesis that ideal vaccine candidates are surface exposed proteins will be
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2 ldentification of methanogen targets for a vaccine

21 INTRODUCTION

An attractive option being investigated to reduce methane emission from ruminants is to
harness their immune system. This would be achieved by vaccinating animals to generate a
substantial salivary antibody response that delivers a high yield of antibodies to the rumen and
reduces the ability of methanogens to produce methane. Development of an anti-methanogen
vaccine will require identifying key vaccine antigens. Due to the diversity of the methanogen
population within the rumen, a successful methanogen vaccine will need to contain a number
of antigens present on the major groups of methanogens found in the rumen.

Here we report the development of a novel method to identify vaccine candidates, conserved
proteins that are exposed on the methanogen cell surface. This strategy to identify antigens for
a vaccine is complementary to the already established procedure of predicting vaccine
candidates from an analysis of methanogen genomic sequences. A number of potential
vaccine candidates were identified and vaccine candidates from the dominant rumen
methanogen Methanobrevibacter sp. SM9 were expressed in E. coli for further evaluation
(reported here). In addition, the use of yeast as an alternative host for expressing methanogen
antigenic proteins was explored.

2.2 NOVEL CELL SURFACE EXTRACTS FROM METHANOGENS IDENTIFY
POTENTIAL ANTIGENIC TARGETS FOR AN ANTI-METHANOGEN VACCINE

Dairu Shu, Bryce M. Buddle and D. Neil Wedlock

AgResearch Limited, Hopkirk Research Centre, Grasslands Research Centre, Tennent Drive,
Private Bag 11008, Palmerston North 4442, New Zealand.

2.3 SUMMARY

A method was developed to produce sub-cellular extracts enriched for surface exposed
proteins with potential as vaccine candidates, including targets not predicted by
bioinformatics analysis of methanogen genomes. Fractions were produced from the dominant
rumen methanogens, M. ruminantiuvm M1 and M. sp. SM9 and shown to contain a higher
proportion of membrane-associated proteins compared to fractions produced by other
methods. A number of potential vaccine candidates were identified from analysis of the new
cell surface extracts prepared from M. ruminantium M1 and four of these proteins were
produced as recombinant proteins. The use of these new cell surface extracts to identify
potential vaccine targets is complementary to predicting targets by bioinformatics analysis of
methanogen genomes and has the potential to identify cross-reactive antigens for a vaccine.
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2.4 INTRODUCTION

Development of an anti-methanogen vaccine will require identifying key vaccine antigens and
there is evidence that antibodies against critical components of methanogens can impair their
ability to grow and produce methane (Buddle et al., 2010; Wedlock et al., 2010). Ideal
vaccine candidates are proteins which are membrane-associated and are exposed on the
surface of the methanogen cell. Bioinformatics has been used to identify such proteins in M.
ruminantium M1 (Leahy et al., 2010). We hypothesised that some proteins which have a cell
surface location or possess surface exposed domains could be missed for example, due to
absence of canonical signal sequences or predicted transmembrane domains. Some of these
proteins may have an unknown function. We have recently developed a new technique which
has potential for identifying proteins that are both immunogenic and surface exposed. In this
study, we produced new sub-cellular extracts from M. ruminantium M1 and M. sp. SM9.This
method could be applied to other methanogens and since vaccine candidates are likely to be
proteins that are conserved across a number of methanogen species, the extracts, and antisera
produced against them could be used to determine cross-reactivity between different species
of rumen methanogens. The proteins in the new fractions were identified and potential
vaccine candidates identified using bioinformatics on M. ruminantium M1 and the more
recently available genome sequences from M. sp. SM9 genomic and data from other
methanogens. Selected targets were produced as recombinant proteins for evaluation as
suitable antigens for inclusion in a prototype anti-methanogen vaccine.

2.5 MATERIALS AND METHODS

251 Preparation of cell extracts

Extracts enriched for cell surface-exposed proteins were prepared from M. ruminantium M1
and M. sp. SM9 cells by in vivo biotin labelling of exposed proteins followed by streptavidin
affinity purification. The procedure was adapted from methods described by Francoleon et al,
2009. Briefly, freshly grown methanogen cells were resuspended in phosphate-buffered
saline (PBS) and incubated with an equal volume of 10 mM NHS-LC-biotin for 30 min at
room temperature. The cells were washed three times with 100 mM glycine in PBS to quench
and remove excess biotin reagent. The cells were subjected to gradient centrifugation over
PercolPlus (density 1.038 g/ml) at room temperature and following washing with PBS
resuspended in PBS with complete protease inhibitors (Roche). The cells were disrupted by
repeated cycles of freeze thawing in liquid nitrogen and grinding with glass beads. Following
centrifugation at 20,000 g for 10 min at 4°C, the supernatant (whole cell lysate proteins,
designated WCLP) was treated with 2% SDS in10 mM Tris-HCI and heated to 70°C for 30
min to produce a derivative fraction designated as WCLS. Following centrifugation, the two
different preparations, WCLP and WCLS containing biotin-labelled proteins were desalted
and the labelled proteins isolated by streptavidin affinity purification using Dynabeads
MyOne Streptavidin T1 (Invitrogen). The beads were washed with PBS containing 0.1%
Tween 20 (PBS-T) prior to loading on the proteins in the desalted WCLP and WCLS
preparations. Unbound proteins were removed by washing the beads 3 times with PBS
containing 0.1% bovine serum albumin (BSA) and 2 times with PBS-T. Deionised water was
added to the beads and the mixture incubated at 70°C for 2 min and the biotinylated proteins
were separated from the beads using the MagnaRack (Invitrogen) and concentrated by
ultracentifugation with a 10 kDa Mol. wt cut off membrane. The isolated proteins were
analysed by SDS-PAGE (NuPAGE 4-12% Bis-Tris gels, Invitrogen) and Western blotting
using a streptavidin-HRP conjugate (DAKO).
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2.5.2 Identification of proteins in extracts

The proteins in the extracts were separated by SDS-PAGE and the identity of the proteins was
determined by LC-MS/MS (conducted by Lincoln, AgResearch) with access to AgResearch’s
M. ruminantium M1 and M. sp.SM9 genomic databases.

2.5.3 Bioinformatic analysis of selected proteins in the surface extracts

Selected proteins in the various extracts were subjected to bioinformatic analysis at
AgResearch.

2.5.4 Expression of recombinant proteins

The proteins selected for expression in E. coli were analysed by TOPCONS consensus
prediction of membrane protein topology to predict transmembrane domains and extracellular

domains. For two of the proteins, , the entire protein coding region was
selected for expression (68 and 83 amino acids respectively for ), while for the
other two proteins, [l (amino acids 34-543) and (amino acids 27-278)

corresponding to the predicted extracellular domains were selected. The genes coding these
proteins, using the M. sp. SM9 amino acid sequences were synthesised using E. coli codon
preference (GeneArt/Invitrogen). Constructs were made in the vector pET-32a (Novagen) to
express the four proteins/domains and these plasmids were transformed into E. coli strain
BL21 pLysS. Methods to culture the transformants and induce expression of recombinant
protein and purify proteins using immobilised metal chelating chromatography (IMAC) have
been described previously (Wedlock et al.,, 1999). Recombinant proteins were analysed by
SDS-PAGE and Western blotting using mouse anti-His tag monoclonal antibody (Novagen)
and anti-mouse IgG HRP (DAKO).

2.5.5 Production of antibodies and analysis

Production of antisera against recombinant proteins was undertaken in sheep according to
methods described for producing antisera to methanogen fractions (Wedlock et al. 2010).
Four 5 month old female lambs, Romney cross (Romney dam — Texel X East Friesian Sire)
were used to produce antibodies against recombinant proteins. All animals were grazed on
pasture, and were provided water ad [libitum. Animal ethics approval was granted by the
AgResearch Grassland’s Animal Ethics Committee, Palmerston North, New Zealand, for all
procedures involving animals. Saponin was used as the adjuvant rather than Freund’s
incomplete adjuvant as used previously. Saponin (from Quillaja bark, Sigma S4521) was
prepared at 10 mg ml™' in PBS and sterilised by filtration through a 0.22 pm membrane filter
and mixed with the antigenic fractions to give a 5 mg of saponin per vaccine dose. Each
vaccine contained 0.1 mg of recombinant protein and was administered subcutaneously in a 2
ml volume. Sheep were vaccinated 3 x at 3 week intervals. At 2 weeks after the third
vaccination, serum and saliva were obtained and the antibody responses determined by
ELISA and Western blotting according to methods previously described (Wedlock et al,
2010). Pre-immune sera was obtained from each of the sheep prior to the first vaccination.

25.6 Determination of inhibition of methanogen activity

The ability of antibodies in the sera to inhibit growth of methanogens and reduce production

of methane in in vitro pure cultures of methanogens was determined according to previously
described methods (Wedlock et al., 2010).
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2.6 RESULTS
2.6.1 Preparation of cell-surface extracts and identification of proteins

Three different cell surface extracts were prepared by in vivo biotin labelling of exposed
proteins followed by affinity purification with streptavidin. Two extracts containing cell
surface-exposed proteins were isolated from M. ruminantium M1 and one extract was
prepared from M. sp. SM9 cells. The proteins in the various preparations were analysed by
SDS-PAGE and Western blotting. Figure 1 shows a SDS-PAGE gel of the biotin-labelled
proteins in one of the extracts (the second extract) prepared from M. ruminantium Mlcells.
The proteins eluted from the Dynabeads (lanes 2, 3) strongly reacted with streptavidin
labelled antibody confirming that the proteins were biotin labelled. The dominant Coomassie
blue stained protein in the eluted fractions was BSA as the purification buffer contained this
protem.

In order to identify the proteins in the cell surface extracts, the proteins in the extracts were
separated by SDS-PAGE, stained with Coomassie blue (see Figure 1 for example) and the
visible protein bands that showed reactivity with streptavidin HRP conjugate antibody were
excised from the gels. From the first extract that was prepared from M. ruminantium M1, 8
protein bands were excised. The proteins in the excised gel fragments were identified by LC-
MS/MS with access to the M. ruminantium M1 and M. sp. SM9 databases. Subsequently, 13
bands from a second extract prepared from M. ruminantium M1 were also submitted for
analysis by LC-MS/MS.

The data from analysis of the protein bands excised from the first extract prepared from M1
become available first and this information was used to select vaccine targets for the next
stage of investigation. In the first extract from M. ruminantium M1, 48 different proteins were
identified within the 8 excised protein bands. Of these proteins, 46 had a known or predicted
functional classification, while 2 proteins had no known function. Table I shows the 13
proteins (representing 28% of the total number of proteins with known function) considered
likely to be membrane-associated or have extracellular domains, based on several criteria
including known function, protein topology, presence of canonical signal sequences. Several
targets were selected from this sub-set of proteins for expression in E. coli as described
below. With the exception of [Jl]. these proteins had not been identified in methanogen
fractions prepared previously (work conducted in the PGgRc programme) using different
techniques. - had been identified in different fractions prepared from M. ruminantium M1
and has been expressed in E. coli and now has also expressed in yeast (additional work
conducted in this programme and reported below).

Three of the membrane-associated proteins identified in the new cell-surface fractions of M.
ruminantium M1 (Table I) were selected to express in E. coli. These were the
other membrane-associated proteins

an
-Bioinformatic analysis was performed on the proteins using TOPCONS to

identify topology and identify which parts of the protein were predicted to span membrane or
lie outside the cell membrane and also determine the degree of conservation of amino acid
sequence across a range of methanogens, including M. ruminantivm M1, M. sp. SM9, and
other methanogens including YLMI1, Abm4, CM1, BRM9 and 3F5. Since two of the -
subunits were identified in the new extract, an analysis of all the known|Jjjlij subunits was also
done to determine which - subunits had extracellular domains (ectodomains). With the
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exception of - all sub-units were predicted to be membrane associated and have
ectodomains of varying lengths. The ' was selected for expression, rather than
-, the protein identified in the extract. has only a very short predicted ectodomain
in M1 and this may be even shorter in the SM9 ‘version’ of the protein, whew has a
longer predicted extracellular domain compared to the subunit. was not
selected as this protein was less conserved compared to and was not present in SM9.
Each of the four selected proteins was conserved in M. ruminantium M1 and M. sp. SM9 and
at least two other methanogens. Thus antibody which reacts to the M. sp. SM9 ‘version’ of the
targets has the potential to cross-react with the homologous protein found in a range of
methanogens.

The proteins in the second extract prepared from M1 were identified by LC-MS/MS. Some
additional potential vaccine targets were identified and bioinformatic analysis was performed
on five of these proteins. These were

The results from this analysis indicated that
an ere conserved across seven methanogens while the other
proteins were conserved in three-four of the methanogens. -and-may be the best
candidates for further investigation. The second extract also contained proteins identified in

the first extract includin| NG » | N -

An extract was prepared from M. sp. SM9 (shown above in Figure 1) using the same methods
as employed for M. ruminantium M1. The proteins in this extract were analysed by LC-
MS/MS and a number of surface proteins were identified. These proteins have not been
investigated further at this stage.

2.6.2 Expression of recombinant proteins

Four potential vaccine candidates_and- were expressed in E.

coli. For all four proteins, the amino acid sequences from M. sp. SM9 were used for
expression rather than the M. ruminantum M1 sequences. This was done to enable cross-
reactivity between the two species of methanogens to be determined as antibody produced
against the M. sp. SM9 proteins could be tested for anti-methanogen activity in M.
ruminantium M1 cultures. Constructs were made in the vector pET-32a (Novagen) by
Invitrogen using E. coli codon preference and placing the gene coding for the methanogen
protein in frame with thioredoxin. Each of the plasmids was transformed into an expression
strain of E. coli strain. The E. coli transformants were cultured in expression medium and
protein expression induced by addition of IPTG to the cultures. All four M. sp. SM9 proteins
were expressed successfully in E. coli, although there was some variability in yield and also
solubility of the proteins. The proteins were purified using immobilised metal chelating
chromatography via the poly-histidine tag incorporated into protein. Sufficient quantities of
each protein were produced for immunising sheep to produce antisera.

The purified proteins were confirmed by SDS-PAGE and Western blotting with mouse anti-
HiseTag  monoclonal antibody (IgGl) (Novagen) and rabbit anti-mouse
Immunoglobulins/HRP (DAKO). Figure 2 shows reactivity of anti-his antibody with proteins
of the expected molecular size.
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2.6.3 Production of antisera to the recombinant proteins

Sheep were immunised with each of the recombinant proteins mixed with the adjuvant
saponin to produce antisera (antibodies) against the proteins. Serum antibody titres in the
vaccinated sheep were measured by ELISA. Vaccination with the proteins mixed with
saponin induced strong target-specific antibody responses. Antibody titres post-vaccination
were 500-1000 fold higher compared to pre-vaccination titres indicating the proteins are
highly immunogenic, an important requirement for a vaccine antigen. Figure 3 shows the
antibody titres in the sheep vaccinated with the four different recombinant proteins. Each of
the purified recombinant proteins were blotted with the antisera produced against the proteins
and the results are shown in Figure 4. Antibody reacted with proteins of the expected mol. wt.

2.6.4 Western blotting of M. sp. SM9 proteins with antisera produced against M1 fractions to
determine cross-reactivity

We have previously produced antisera against a range of fractions prepared from M.
ruminantium M1. It was of interest to determine whether these antisera would contain cross-
reactive antibodies that recognise the M. sp. SM9 recombinant proteins. In an initial
experiment, the recombinant proteins were run on SDS-PAGE and blotted with antisera
produced against crude antigenic fractions prepared from M. ruminantium MI1. There was
strong reactivity of antisera produced against a cytoplasmic fraction prepared from M.
ruminantium M1 with the recombinant ||| Nand weak reactivity with -and
-(Figure 5). A similar pattern of reactivity was seen with antisera against a cell-wall
derived fraction of M1 (data not shown). Western blotting was also performed using pre-
immune sera. Interestingly, pre-immune sera also showed reactivity againsti
and [z 1though in the case of [l this reactivity was weaker compared to reactivity
with the antisera. No reactivity was seen when the proteins were blotted with secondary
antibody alone as a control. Crude antigenic fractions previously prepared from M. sp. SM9
were blotted with the antisera prepared against the various recombinant proteins (data not
shown). The antisera showed little reactivity to proteins in the fractions, but Western blotting
would need to be repeated with newly prepared fractions as the fractions had been prepared
some time ago and the proteins may have degraded.

2.6.5 Effect of antisera on growth of methanogens and production of methane in in vitro pure
cultures of methanogens

The antisera produced against each of the recombinant M. sp. SM9 proteins was tested for the
ability of target specific antibodies to inhibit methanogen growth and production of methane
in in vitro pure cultures of methanogens. A preliminary trial with M. ruminantiuvm M1
showed that addition of antisera produced against the different targets to cultures of M
ruminantium M1 did not reduce methanogen growth or inhibit production of methane. More
recently, the ability to test antibodies for inhibition of methanogens has been developed for M.
sp. SMO. In future studies, testing of the antisera with M. sp. SM9 will be done to determine if
the antisera against the proteins will inhibit this species of methanogen and the testing with M.
ruminantium M1 will be repeated.
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2.7 DISCUSSION

Vaccine targets are likely to be membrane-associated proteins with surface exposed domains.
Previous sub-cellular fractions prepared from both M. ruminantium M1 and M. sp. SM9 had a
very high proportion of intracellular proteins and there were few proteins known or predicted
to be surface associated. This has hindered the identification of vaccine targets using
techniques such as Western blotting with antisera produced against the various fractions. This
limitation has prompted us to investigate better ways of producing sub-cellular fractions for
mining vaccine antigens. The method developed in this study used a novel approach of firstly
biotinylating exposed surface proteins before cell lysis. The biotinylated proteins were then
captured via binding to streptavidin. This procedure was developed from a published
procedure to locate surface exposed proteins and was adapted for both M. ruminantium M1
and M. sp. SM9 cells. This approach to produce sub-cellular fractions from methanogens
which are more amenable to identifying potential vaccine targets was successful. While the
extracts contained a number of intracellular proteins, they had a greater abundance of
membrane associated proteins than extracts prepared by other methods. With the exception of
- which had been identified previously in a cytoplasmic fraction prepared from M.
ruminantium M1, the membrane-associated proteins identified using the new cell surface
extracts prepared in this project had not been identified in previous methanogen fractions.
Some of these proteins would not necessarily have been predicted as potential vaccine targets
from bioinformatic analysis of genomic sequences. Thus our hypothesis, that some proteins
with a cell surface location (potential vaccine candidates) could be missed by relying solely
on prediction, is supported by our findings.

Several of the membrane-associated proteins in the new cell-surface extracts prepared in the
current study were selected for further evaluation as potential vaccine antigens and four
targets, || - Bl v <rc successfully produced in E. coli. Membrane
proteins are often considered difficult to express. The strategy of expressing the proteins by
fusion with thioredoxin may have aided the expression of the methanogen proteins as it was
possible to produce sufficient quantities of all four proteins to immunise sheep for production
of antibodies. High titre sheep antisera was produced against each of the four recombinant
proteins as shown by ELISA and Western blotting. Western blotting was performed on the
recombinant proteins using antisera previously produced against M1 antigenic fractions.
Three of the recombinant M. sp. SM9 proteins showed reactivity with antisera produced
against a crude sub-cellular fraction prepared from M. ruminantium M1. However, the
recombinant proteins also showed reactivity to pre-immune sera and a possible explanation
may be that sheep have developed natural systemic antibody responses to these methanogen
proteins. Reactivity of antibody in the M. ruminantium M1 antisera to - was stronger
than reactivity of the pre-immune sera suggesting there was some degree of cross-reactivity of
antibody to M. ruminantium M1 proteins to the M. sp. SM9 - protein. The ability of the
antisera produced against the four recombinant proteins to inhibit methanogen cultures was
tested. Preliminary tests suggested that the various antisera to the M. sp. SM9 proteins were
not inhibitory to M. ruminantium M1 cultures suggesting that the antibodies to these targets
were not cross-reactive. However, these tests need to be repeated once some technical
difficulties with the assay have been resolved. The ability of the antisera to the M. sp. SM9
proteins to inhibit A sp. SM9 cultures will be determined and will provide important
information about the usefulness of these proteins as potential vaccine antigens.

Analysis of the proteins in the cell extracts indicated other potential vaccine candidates, in
particular an The ectodomain ( of [l and either the
entire protein ( or (omitting the first part of the
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protein which is predicted to be intracellular) of [

could be expressed in E. coli. A number of proteins with unknown function were identified in
the cell-surface extracts and these could be investigated further. Further analysis of the
proteins identified in the cell surface extract from M. sp.SM9 may reveal other potential
vaccine candidates which can be tested.

In this study, the adjuvant saponin was used to formulate the recombinant proteins for
immunisation of sheep and production of antisera. This adjuvant had been shown to promote
antibody responses to the wide repertoire of proteins in crude sub-cellular fractions prepared
from M. ruminantium M1 but had not been used previously to promote antibody responses to
single purified proteins. In the current study we demonstrated that saponin was effective as
an adjuvant when used with single antigens such as the recombinant proteins. Saponin is an
inexpensive adjuvant and thus could be used for formulation of a cost effective anti-
methanogen vaccine.

In summary, this research has led to the successful development of a new strategy for
identifying potential vaccine candidates. A method was developed to produce sub-cellular
extracts enriched for surface exposed proteins with potential as vaccine candidates, including
targets not predicted by bioinformatics analysis of methanogen genomes. While these extracts
are more technically challenging to produce that other fractions such as the cytoplasmic
protein fractions previously produced, they have a higher proportion of membrane-associated
proteins. Thus these extracts are better suited to identifying antigen candidates for a vaccine.
A number of potential vaccine candidates have been identified from analysis of the new cell
surface extracts prepared from M. ruminantium Mland several of these have been produced
as recombinant proteins. Although antibodies against these targets may not be cross-reactive,
only four proteins have been tested to date. Additional potential vaccine targets have been
identified in other cell surface extracts prepared from M. ruminantium M1 and M. sp. SM9
and these will be investigated further. Additional cell surface extracts can be prepared from a
range of rumen methanogens. Provided sufficient quantities of the cell surface extracts can be
produced, antisera can be produced against the proteins in these extracts and used to further
study cross-reactivity between methanogen species. The use of these new cell surface extracts
to identify potential vaccine targets is complementary to predicting targets by bioinformatics
analysis of methanogen genomes and will ensure potential antigens for a vaccine are not
overlooked.
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Figures

A. B.
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Figure 1. SDS-PAGE (A) and Western blot (B) of biotin-labelled proteins from cell surface
extract prepared from M. ruminantiumM]1. Proteins were immunoblotted with streptavidin,
HRP conjugated antibody (Pierce, 1:10,000 dilution). Lane 1. mol. wt. markers; lanes 2&3,
proteins eluted from Dynabeads followed purification from WCLP and WCLS respectively;
lanes 5&6, unbound proteins (non-biotinylated proteins); lanes 7 & and 8, whole methanogen
cell lysate prepared from M. ruminantium M1 cells before purification with Dynabeads (lane
7: WCLP; lane 8: WCLS). Note presence of BSA in eluted fractions.
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Figure 2.Western blot of recombinant proteins produced in E. coli. Proteins were separated
by SDS-PAGE and blotted with anti-his tag antibody.Lanes A, | iGN EGNGC.E

D
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Figure 4. Western blotting with antisera produced against the recombinant proteins. Pre,
preimmune sera; post, antisera. The arrow denotes expected mol. wt. of each recombinant
protein.
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Figure 5. Western blotting of recombinant SM9 proteins with M1 antisera. Lane 1, ||| [l
lane 2, [ lllane 3, [llane 4, [ Arows shows reactivity of antibodies with
proteins of expected mol. wt.

2.10 PRODUCTION OF METHANOGEN ANTIGENIC PROTEINS IN THE
METHYLOTROPHIC YEAST PICHIA PASTORIS: AN ALTERNATIVE TO
ESCHERICHIA COLI

Justine Jacobs, Bryce M. Buddle and D. Neil Wedlock

AgResearch Limited, Hopkirk Research Centre, Grasslands Research Centre, Tennent Drive,
Private Bag 11008, Palmerston North 4442, New Zealand.

2.11 SUMMARY

Two methanogen proteins were selected for expression in Pichia pastoris, |JJland a
Constructs were made to express the two different methanogen proteins in yeast
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and transformants were cultured in media to express the proteins. Secreted recombinant
proteins were not detected in the culture media but Western blotting conducted on cell-free
extracts of the yeast strains confirmed the presence of recombinant - and _
proteins.

2.12 INTRODUCTION

The production of recombinant proteins can face considerable technical and biological
challenges depending on the type of protein being expressed. Membrane-associated proteins
are known to be difficult to express and it is possible that it may be easier to express some of
the methanogen proteins in yeast than in E. coli. In a previous project (METH0802 PGgRc -
MPI-SLMACC) we initiated work on determining the feasibility of using the yeast Pichia
pastoris as a host for expression of methanogen proteins, particularly proteins which have
transmembrane domains. Yeast is capable of glycosylating proteins and glycosylation may be
important in antibody recognition and binding to the proteins. Constructs had been made to
express two different methanogen proteins in yeast. These proteins were -, a membrane
associated protein and identified in previous methanogen fractions and also identified in the
cell surface extracts prepared by biotinylation of proteins (see report above) and a
B c B ootcin was identified previously in the yeast Methanosarcina
barkerii CM1 by Western blotting with antisera produced against a cell-wall derived fraction
prepared from CM1. | may be surface-associated proteins and have important
function and thus were considered as potential vaccine targets. In this study, we expressed
both proteins in Pichia pastoris.

2.13 MATERIALS AND METHODS

Expression of proteins in yeast
Two methanogen proteins were expressed in yeast. The proteins were ||| | N 2nd 2

The M. ruminantium M1 amino acid sequence of each protein was
used for expression. has been expressed in E. coli (work conducted in the NZAGRC

vaccine programme) while the has not been expressed in E. coli. Constructs

were made to express the (ectodomain, and the entire
) of the in P. pastoris. Genes covering

protein coding region
the coding region of each protein/domain were synthesised with yeast codon bias by GeneArt
(Invitrogen) and constructs were made by cloning the genes into the EcoR1 and Xbal sites of
the yeast expression vector pPICZalphaA (Invitrogen). Pichia pastoris SMD1168 was
transformed with these constructs by electroporation and transformants selected for resistance
to the antibiotic Zeocin (100 pg/ml concentration). Methods to culture Pichia pastoris and
express recombinant proteins have been described previously (Wedlock et al., 2004).

Western blotting of cell-free extracts

Yeast transformants were resuspended in buffer containing protease inhibitors and the cell
disrupted by grinding with glass beads. Following centrifugation, recombinant proteins in the
supernatant (cell-free extract) were analysed by SDS-PAGE and Western blotting using
mouse anti-His tag monoclonal antibody (Novagen).
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2.14 RESULTS

Expression of recombinant methanogen proteins in Pichia pastoris

Constructs to express two methanogen proteins, [[[iland [ 1:d been
made previously using the vector pPICZaA. In these constructs, the coding sequences of the
methanogen proteins are expressed as fusions with an N-terminal peptide encoding the
Saccharomyces cerevisiae o-factor secretion signal. The rationale was that a fusion of the
methanogen protein with the a-factor secretion signal may result in the recombinant proteins
being directed into the secretory pathway, resulting in secretion of the methanogen proteins
into the culture medium. This may aid purification of the recombinant proteins as culture
media contain few other proteins. Alternatively, the protein may localise to the yeast
membrane which may assist with correct folding of the proteins (Bednarek et al., 1992). The
constructs were transformed into Pichia pastoris strain SDM1168 for production of
recombinant proteins. A series of transformants were isolated with each construct and
screened for the production of recombinant protein.

SDS-PAGE analysis of culture media and staining with either Coomassie blue or silver stain
did not show the presence of secreted recombinant protein, either [l or [ NN . SDs-
PAGE analysis of sub-cellular extracts prepared by disrupting the cells showed the presence
of a large number of proteins as expected. However, it was difficult to identify the
recombinant proteins. Western blotting of the cell extracts of the transformants with anti-his
antibody indicated the presence of recombinant protein and confirmed that both [JJjilij and the

had been expressed by the respective transformants, albeit at low levels (Figure
1). Western blotting of the proteins in cell extracts prepared from P. pastoris strains
transformed with plasmid expressing - showed reactivity of antibody with a protein of the
expected molecular weight in all the five transformants (stronger in three of the
transformants). A similar result was seen with yeast transformed with the [N
construct (data not shown).

2.15 DISCUSSION

While E. coli has been shown to be an effective host for expression of methanogen proteins,
we have investigated the possibility of using an alternative host particularly for membrane-
associated proteins (Bednarek et al, 1992). Yeast is capable of glysosylating proteins and
although the pattern of glycosylation of proteins by yeast will differ from archaea,
carbohydrate moieties on proteins may be important for recognition by the immune system
and influence antibody binding. To investigate yeast as an alternative expression system for

methanogen proteins, two methanogen proteins which are potential vaccine candidates, were
selected to express in P. pastoris. Both [Ji] and the || were expressed in yeast but
at only a low level. The proteins were produced intracellularly and were identified in cell-free
extracts prepared from yeast transformants. Further optimisation of yeast will be required to
produce useful quantities of recombinant protein and this may be achieved by controlling the
yeast culture parameters or the choice of construct and signal sequence used to express the
proteins. Both methanogen proteins had a histidine tag which will facilitate purification once
further optimisation of expression has been achieved. Future studies will investigate whether
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the proteins expressed in yeast are glycosylated and what affect the carbohydrate moieties
have on immunogenicity of the proteins.
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Figure 1.Western blotting (B) of cell-free extracts of P. pastoris strains transformed with
pPICZalpha A/- Western blotting was performed with anti-His tag antibody. Lane 1,
mol. wt. markers; lanes 2-6, yeast transformants; lane 7, E. coli expressed (included as a
positive control). Arrow shows expected mol. wt. of yeast expressed . The -
expressed in E. coli has a larger mol. wt. than the yeast expressed due to fusion with
thioredoxin.
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2.18 APPENDICES

1. Research aims and goals of programme

Research aim 1.1
sequence

Research aim title | Identify inhibitors and vaccine antigens

Research aim task | The project has two research aims:

1. To use methanogen enzyme structures, or structural models
based on already published non-rumen methanogen structures,
to develop novel inhibitory molecules that avoid existing
toxicity problems.

2. To use methanogens, representative of two major groups of
rumen methanogens to identify critical structures which are
vaccine candidates and are conserved across a broad range of

methanogens.
End Date: 30™ June 2012
2. Contracted outputs
Short Title Outputs
Description e By June 2012, 2-3 validated target enzymes, which have been

successfully expressed in E. coli will have been screened for
initial crystal-forming conditions and optimised (if suitable
crystal initial conditions are found).

e -2 models or enzyme structures will be used for screening
small molecule inhibitors in silico and compounds will have
been ordered and tested for each target in enzyme assays
and/or pure cultures and if successful, in rumen fluid-based in
Vitro assays.

e Results will have been published (where appropriate) and
reported to MAF.

e By June 2012, 10 or more vaccine candidates will have been
identified from SM9 or CM1 by bioinformatics or from
Western blotting results for producing as recombinant
proteins.

e Three or more recombinant proteins will be produced and
antisera raised against these targets will be analysed by ELISA
and Western blotting.

e Ifsuccessful, the antisera will be tested for the ability of
target-specific antibodies to reduce methane in in vitro pure
cultures of methanogens.
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3. Capability building

This project has provided early career (post-doctoral) research experience for Dr Vincenzo
Carbone.

4. Outputs and publications

A paper on identifying inhibitors will be presented at an upcoming New Zealand conference
subject to meeting any confidentially requirements. A new strategy for identifying potential
vaccine candidates has been developed using a novel method to produce cell surface extracts
from methanogens.
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