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Abstract

Background: Trypanosoma cruzi is the etiological agent of Chagas disease, a debilitating illness that affects millions of
people in the Americas. A major finding of the T. cruzi genome project was the discovery of a novel multigene family
composed of approximately 1,300 genes that encode mucin-associated surface proteins (MASPs). The high level of
polymorphism of the MASP family associated with its localization at the surface of infective forms of the parasite suggests
that MASP participates in host-parasite interactions. We speculate that the large repertoire of MASP sequences may
contribute to the ability of T. cruzi to infect several host cell types and/or participate in host immune evasion mechanisms.

Method's: By sequencing seven cDNA libraries, we analyzed the MASP expression profile in trypomastigotes derived from
distinct host cells and after sequential passages in acutely infected mice. Additionally, to investigate the MASP antigenic
profile, we performed B-cell epitope prediction on MASP proteins and designed a MASP-specific peptide array with 110
putative epitopes, which was screened with sera from acutely infected mice.

Findings and Conclusions: We observed differential expression of a few MASP genes between trypomastigotes derived
from epithelial and myoblast cell lines. The more pronounced MASP expression changes were observed between
bloodstream and tissue-culture trypomastigotes and between bloodstream forms from sequential passages in acutely
infected mice. Moreover, we demonstrated that different MASP members were expressed during the acute T. cruzi infection
and constitute parasite antigens that are recognized by IgG and IgM antibodies. We also found that distinct MASP peptides
could trigger different antibody responses and that the antibody level against a given peptide may vary after sequential
passages in mice. We speculate that changes in the large repertoire of MASP antigenic peptides during an infection may
contribute to the evasion of host immune responses during the acute phase of Chagas disease.
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Introduction bloodstream. The repetitive cyele of cell infection triggers the
acute phase ol Chagas discase, characterized by high blood
Trvpanosoma cruzi is the etiological agent ol Chagas disease, a parasitacmia, broad tissue parasitism, and a strong host immune

major public health problem in Central and South America. response. The chronic phase is achieved alier the host immune

Currently there are approximately 10 million people infected and system controls the parasitaemia but fadls to completely eliminate
) million people at risk ol acquiring the disease [1.2]. the parasite [3].

Trypomastigotes are the bloodstream circulating form that infect The annotation of the 77 ez genome revealed a new multigene

a wide variety of nucleated host cells and subsequently diflerentiate
into the intracellular replicative amastigote forms. Alter several
rounds of binary division, amastigotes dillferentiate into trvpomas-

tigotes, which are released into the extracellular medium and
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[amily composed ol approximately 1,300 genes, which became
known as mucin-associated surface protein (MASP) as they were
not randomly distributed throughout the genome but instead

clustered with genes encoding mucins and other surface protein

August 2012 | Volume 6 | Issue 8 | e1779



Author Summary

The parasite Trypanosoma cruzi is the etiologic agent of
Chagas disease, a neglected tropical disease. A major
finding of the T. cruzi genome project was the discovery of
a multigene family that encodes mucin-associated surface
proteins (MASP), a highly polymorphic family expressed at
the surface of infective forms of the parasite. We speculate
that MASP may contribute to the ability of T. cruzi to infect
several host cells and/or participate in host immune
evasion mechanisms. To begin investigating this hypoth-
esis, we analyzed the MASP expression profile in trypo-
mastigotes derived from different host cells and in
bloodstream parasites after sequential passages in mice.
We also investigated the MASP antigenic profile in acutely
infected mice. We observed more pronounced MASP
expression changes by comparing bloodstream and tissue-
culture trypomastigotes and between bloodstream forms
from sequential passages in infected mice. We also found
that MASP peptides could trigger different IgG and IgW
antibody responses and that the antibody level against a
given peptide may vary after sequential passages in mice.
We speculate that changes in the large repertoire of MASP
antigenic peptides during the course of an infection may
contribute to the evasion of host immune responses
during the acute phase of Chagas disease.

families [4]. A previous study on the molecular characterization
ol a few members found that MASP proteins are expressed on
the surface of the circulating infective Torms ol the parasite and
can be shed into the extracellular medinm [3]. MASP expression
in the trvpomastigote stage was also demonstated by recemt
Moareover, the MASP
characterized by a swikingly variable and repetitive central

proteomic  studies  [6.7]. family s
region composeel of peptides shared among its members, thus
contributing to the extended repertoire ol parasite polvpeptides
that could be exposed to the host cells and immune system [3].
The MASP repertoire of peptides could also contribute o cell-
type-specilic nteractions, because the polvmorphism ol 7. emezi
surface proteins has been suggested 1o be an important factor in
the parasite’s ability to infect multiple cell wpes [8.9]. Taken
together, this evidence has prompted us to examine a possible
the  host-cell-dependent  expression  profile or/and  immune
evasion mechanisms. We observed differental expression ol a
few MASP genes between trypomastigotes derived [rom epithe-
lial and myoblast cell lines. The more pronounced MASP
expression changes were observed when comparing bloodstream
and tissue-culture trypomastigotes and between bloodstream
forms from sequential passages in acutely  infected  mice.
Furthermore, in this work we describe the antibody recognition
of several MASP peptides. Taken wogether, our lindings prompt
us o speculate that variations in the large repertoire of antige nic
peptides derived lrom the MASP lamily may lavor the parasite’s

escaping the host immune response during the acute phase of

infection.

Methods

Trypomastigote culture, collection, and RNA extraction
The lollowing steps for CL Brener typomastigote culture and
collection are detailed in Fgure 1.
In vitro culture of trypomastigotes. CL DBrener clone
trypomastigotes obtained [rom one culture flask were used to infect
two cell lineages, the rhesus-monkey epithelial cells LLO-MK2
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and the rat myoblasts Lo, hotly grown at 37 €L 5% GOk in RPMI
medium supplemented with 1% fetal bovine serum.

In vivo production of trypomastigotes. 1o obtain blood-
stream trypomastigotes, 10 Swiss mice were infected intraperito-
neally with 30,000 CL Brener trvpomastigotes, and then bled alter
[4-15 days when they reached the peak ol parasitacmia.
Bloodstream  parasite forms were collected  alter two and 10
passages in mice, whereas inlected mouse serum was obtained
alter passages 2. 10, and 12,

In vitro culture of trypomastigotes after the in vive
step. Part ol the bloodstream wrypomastigotes produced by in
vin infection of Swiss mice alter two passages as deseribed above,
were used to infect LLC-MIK2 and LG cells. Alter [our passages in
culture. the trypomastigotes were collected.

RNA extraction.
tigote samples were purilied by centrilugation ar 400x g and
washed three times with PBS helore 1otal RNA exiraction using
the RNeasy kit (Qiagen), following manulacturer’s recommenda-

Tissue culture and bloodstream  trypomas-

tions. Only parasite samples comtaining =90% ryvpomastigotes
were used in this stady. Cell cultures were PCR-tested weekly for
Mycoplasina sp. using genus-specilic primers [L0]. Only PCR-
negative cell cultures were used in the experiments. Negative sera
[rom Swiss mice were also obtained by Dbleeding o uninlected
animals maintained in the same experimental conditions.

Quality control of total RNA and ¢cDNA synthesis

cDNA samples were generated by reverse transeriptase Super
Script IT (Invitrogen) reactions using random primers and 35— pg
total RNAL ¢DNA quality was tested by PCR using specilic
primers  lor aromatic Lealpha-hvdroxy  acid  dehvdrogenase
[AHADH2), (AHADH2_F 5" CCAAATCGTTTCGCCACTOG
3" and AHADH2 R 5" CACGCTGOGGAGGGATCTCO 37
and [or the DNA repair gene RADSL (RADSILF 5" GGC-
TGTCAAGGGTATCA 3" and RADSI_R 5" AAMCCACTGCG-
GATGTAANS
[11]. Approximately 200 ng of each cDNA or 250 ng ol total
RNA megative control) were used in PCR reactions, with 200 pM
dANTPs, 2 M primers, and 125 U Tag DNA polymerase in
50 mM KOL 10 mM Tris-HCL pH 8.4, 1% X-100 Triton. and
1.5 mM MgCl. To ensure that the samples were not contami-
nated with genomic DNAL total RNA samples were tested by PCR
for the 1. erazi gene AHADHZ using the primers described above.
DNA contaminated samples were treated with DNase I (Fermen-

j.oa gene with low expression in trvpomastigotes

tas). following manulacturer’s recommendations. and submited to
RNA clean-up using the RNeasy kit (Qiagen). Treated samples
were also PCR-tested. POR amplilication was observed in agarose
ethidium bromide or polvacrilamid silver stained gels.

Construction and sequencing of expression libraries

To construct expression libraries, several primer combinations
were tested e sifico by electronic PCR (e-PCR) (hup:/ Awww.nebi.
nlm.nih.gov/ projects/e-per/) and experimentally 1o amplify the
majority of the MASP genes. A semi-nested PCR was set up using
the ollowing primer combinations: SL 5" AAMCGUTATTATT-
GATACAGTTTCTGTACTATATTG 3 for the 35 pb spliced
leader region anl S'UTRI TEVETSE) 5'
GTGTGCTTCCTGGGGTGAGGTG 3 for the 3'UTR in the
first reactdon and SL and 3'UTR2 5" CTCACTCT-
CACGOUGGUOCACCACCACCG 3" also for 3'UTR (more
internal localization) in the second reaction. The semi-nested
RT-PCR reactions with these primers were performed with 2 plL
of amplified product of the first reaction or 400 ng of the ¢DNA
with 200 phM dNTPs, 2 pM of primers, and 3.75 U High Fidelity
Tag DNA polvinerase (Invitrogen). The amplicons between 500
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Figure 1. Experimental models. A: Mouse groups were sequentially infected with CL Brener clone. Blood collections were performed after 14-15
days. Bloodstream parasite forms were collected after two and ten passages. Part of the trypomastigotes isolated from mouse blood was used in LLC-
MEK2 and L6 cell infection (bloodstream parasite forms after two passages in mice). Trypomastigotes were collected after four sequential passages in
culture. B: The same group of culture trypomastigotes was used in the infection of LLC-MK2 (epithelial} and L6 (myoblast) cell types. Trypomastigotes

were collected after 14 sequential passages in culture.
doi:10.1 37 1/journal pntd.0001779.g001

and 2.000 bp of the second reaction were cloned in pGEM-T
[Promega), and at least 96 ampicillin-resistant clones were selected
and cultured. Alter plasmid extraction. a PCR ol each clone was
performed using primers for the insert lanking regions MI3F
lforward) 5" CGCCAGGGTTTTCCCAGTCACGAC 3" and
MI3R  (reverse) 5" TCACACAGGAAACAGCTATGAC 3.
Amplilied products were precipitated  with 20%  polyethylene
glveol 8000 and 2.5 M NaCl and submitted to sequencing at one
end i the ABI Prism 57306 DNA Analyser (Applied Biosystems) by
Macrogen Inc (Korea)., The libraries constructed lor each
trypomastigote sample are presented in Table 1. The EST
sequences have been deposited in the GenBank database under
Accession Number JR743993 - JR744782.

Sequence and hierarchical cluster analyses

Sequences from the expression libravies were processed by an

in-house pipeline. The EST sequences were processed by the
Phred algorithm and then fltered alter a cross-match with the
s EM-T- Promega). The MASP genes were
identified nsing BLASTN algorithm against two 7. ermezi sequence

vector sequence (pl

databases: one with all 7. gz predicted feamres of the genome
[coding sequences, retroelements and structural RNAs), and the

other with 7. ez contigs. The e-value (expected value) cutofl of

the BLASTN searches nsed was 10 ', and the minimum identiy
between the ESTs and the database entries was 70%. The
uncertainty of the hierarchical cluster analysis of all expression
libraries was calculated using the Pyelust package [12] using the R
software platform [13]. Pvdust caleulates probability values (p-
values) for each cluster using bootstrap re-sampling technigues.
AU (approximately unbiased) p-value was used. which s
caleulated by mudd-scale bootstrap re-sampling and has superiority
in bias over BP (hootstrap probability) according to the authors

[12].

Representation of MASP genes and transcripts in
multidimentional scaling plots

MASP  sequence wvariability  and  expression  prolile  were
visualized in a multidimentional sealing plot (MDS) To this end.
we calculated the pairwise distance ol all 1,377 annotated NASP
genes and generated the distance matrixes using the package
PHYLIP [14-15]. To provide a visual representation of the
distance matrix. we used an MDS plot with two dimensions (2D).
The k-means method [16] was used 1o deline six clusters or
subgroups. Each dot in the MDS represents a MASP member and
its graphic localization. the sequence similarity among the genes.
The expressed MASP genes were plotted in the MIDS graphics.
where the size of the dots represents the requency ol the MASP
genes i the library and the colors represent their group
classification. The databases generated by the e-PCR predictions
were also plotted in the MDS graphics. The MDS, hierarchical
clustering, statistical analvses, and graphing were performed using
the R software pladorm [13].

gRT-PCR

The genes targeted for Real Time PCR (qRT-PCR) were
selected alter comparative analysis of the expression libraries.
Primers were designed using Allele D 7 (Premier Biosolt. demo
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version), and NCBL 7. euz database BLAST searches were
performed to exclude primers with cross homology with other
MASP members and other 7. eruzi genes. The design also included
the template’s secondary stucture test at 607°CL The MASP
analvzed by RT-PCR were:  MASP2
[Te00. 10470555 10359.4601, MASPL (Te00. 104705350854 L. L10).
MASPI4 Teh0.1047053504039.250), MASPLG
Tet0 10470535 10695.190), NASP23 (Te00, 104705351 1089, 19),
and MASP27 (TeO0.1047055506615.100). The primer sequences
used in the analysis for each MASP gene are listed in Table S1.

complete  genes

Reactions in wiplicate were prepared with | uM forward and
reverse primers, SYBR Green Supermix (Applied Biosvstems), and
cach of the diluted template cDNAs (134 in DNAse free water) and

were performed using cyeling conditions as recommended by the

manulacturer (Applied Biosvstem). Standard curves were used for
the caleulation of relative quantity (Re) values ol each sample lor
each target. qRT-PCRs Tor MSH2 and RADS| genes (Table S1)
were performed, and the average value between them was used to
normalize the MASP gene resulis. The resulis were analyzed by a
one-way  ANOVA  qest, and  graphics were  constructed  in
GraphPad Prism 5.0 [GraphPad Inc.).

MASP epitope prediction, synthesis of SPOT peptide
arrays, and immunoblotting

MASP predicted protein sequences derived from expressed
genes were submitted 1o B-cell linear epitope prediction using the
BepiPred algorithm [17]. and the owput was parsed by an in-
house PERL seript to select [5-mer amino acid peptides whose
prediction score according to their quality as an epitope was = 1.3,
Che or two peptides from specilic MASP genes identified in the
expression libraries were selected to be synthesized in pre-activated
cellulose membranes according to the SPOT synthesis technigue
[L8]. The SPOT synthesis was emploved using a method for the
preparation of approximately 5 mmol ol immobilized peptides.
The assembly ol the peptides was performed wilizing the
previously described Fmoc-chemistry [L8]. Brielly, 0.5 mM ol
cach activated Fmoc [9-fluorenylmethoxyearbonyl) amino acid
was amtomatically spotted on pre-activated membranes using the
MultiPep SPOT svnthesizer (Intavis AG).
acid coupling was lollowed by a 10% acetic anhydride blocking

Each cvele ol amino

and deprotection of Fmoce amino acids by adding 25% 4-methyl
mperidine. The coupling and deprotecton ol Fmoc amino acids
were confirmed alter each evele by staining the membrane with
2%  bromophenol blue. Alter the synthesis, the side chain
deprotection was performed by adding a 23:25:1.5:1 solution ol
rifluoroacetic acid. dichloromethane. wisopropylsilane and water.
The side-chain deprotection was also confirmed by staining with
2% bromophenol blue. The svithesized peptides are listed in
Table 82 Membranes were blocked with 5% BSA and % sucrose
in PBS overnight and incubated for 1.5 hours with pools of diluted
mice sera (1500 for IgG or 1:5.000 for [gM) in blocking solution.
After washing three times for 10 minutes in PBS-T (PBS: 0.1%
Tween 200 membranes were incubated for 1.5 hours with
secondary HRP-conjugated  anti-mouse IgM or IeG o antibody
[Sigma-Aldrich), diluted 122,000 in blocking solution. After a
second washing, membranes were revealed by ECL Plus Western
biotting (GE Healthcare), in the Gel Logic 1500 Imaging system
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[KODAK). Synthetic peptides corresponding to epitopes ol a
trans-sialidase [ 19] and L7A ribosomal protein [20] were included
in the experiments as positive controls. As negative controls,
membranes were submitted to the same experimental conditions
using sera of nninfected Swiss mice. Densitometry measurements
and analysis of cach peptide were performed using Image Master
Platinum (GE). and the relative intensity ratio (RI) cuoll for
positivity was determined as 2.0, Reactive spots in the positive
blotings (nsing the infected mouse serum pool) were only selected
for analysis when not reactive in the negative blotting. Graphics
were constructed in GraphPad Prism 5.0 (GraphPad Inc.).

ELISA

Seven peptides with the highest RI values and a peptide derived
[rom 1wans-sialidase SAPA [shed acute phase antigen) [21] [Table
83) were submitted o soluble synthesis (Peptide 2.0) and ELISA
experiments. Flexible ELISA polwinvlchloride plates (BD Faleon)
were sensitized with 2 pe ol soluble peptides or trypomastigote
extract in water at 37 C overnight. Adier blocking with 2.5% BSA
in PBS for 2 hours at 3770, the plates were mcubated with sera
from uninfected and infected mice (dilation 1:100) for 1.5 hours at
37°CL Alier washing in 0.053% Tween 20-PBS. the plates were
incubated with secondary amibodies ami-mouse IeM or IgG
(dilution  1:2000: Sigma). Alter several washes in PBS-0.05%
Tween 20, the plates were revealed with OPD [o-phenylenedi-
amine: Sigma), in citric acid buller (50 mM NaHPO,, 27 mM.
citric acid, pH 5.07 and hvdrogen peroxide and read at 492 nm.
The reactivity ol the wypomastigote extract was used in the
normalization of ELISA results wsing the pepuides. The resulis
were analvzed by one-way ANOVA test and graphics were
constructed with GraphPad Prism 5.0 (GraphPad Inc.). Trypo-

mastigote total extracts were obtained by ultrasound lysis of

purified and PBS-washed parasite. Protein quantfication was
: L TM : G B
determined by the BCA™ Protein Assav Kit (Pierce).

Avidity ELISA

Low-allinity antibodies were clated by adding an incubation
step with 6 M urea for 5 mimutes at room temperature alier the
mouse serum incubation. Avidity index was expressed as (mean
OD ol urea-treated sera/mean QD urea-untreated sera)x< 100%.
Allinity indexes =240% or =40% were considered low  and
221, The three mouse
serum pools (alter 2, 10, and 12 passages) were tested in triplicate.

intermediate allinity levels, respectively

Invasion assay

Trypomastigotes derived from L6 cells alter 17 passages were
purilied by cenmilugaton ar 400x o llowed by incubation a
37°C for 4 h w allow motle ovpomastigotes o swim up. The

Table 1. Libraries codes of the trypomastigote samples.

Gene Expression and Antigenicity of T.cruzi MASP

trvpomastigotes were then used 1o infect LLC-MEK2 and Lo cells
as follows. LLO-MRKZ or L6 cells ressuspended in RPMI
supplemented with 10% FBS were plated (4x10" cdls/well) in
24-well plates containing coverslips and incubated at 37 Coand 5%
G0y Tor 36 hours prior (o infection. Infection was performed by
exposing cells o purified wypomastigotes for 30 min at 37 °C at a
multiplicity ol infection (MOT) of 50, Ciells were then washed five
times with PBS 10 remove extracellular parasites and lixed with
A% (widval) paralormaldehyde/PBS  overnight ar 4°C. Alier
lixation. coverdips with attached cells were washed three times
in PBS. incubated for 20 min with PBS containing 2% BSAL and
processed Tor an inside/owtside  immunolluorescence  invasion
assay using an anti-7. emzd rabbit polyclonal antibody and a
secondary anu-rabbit LeG antbody conjugated with Alexa Fluor
546 (Life technologies) according to a previous protocol [23]. In
this step. all extracellular, non-washed parasites were stained.
Cioverslips were then washed wwice with PBS. incubated with
L0 g/ml DAPIL(41".6"-diamidino-2-phenylindole; Sigma) in PBS for
2 min. washed three times in PBS and mounted on slides using a
luorescence mounting solution containing | mg/ml of PPD (p-
phenylenediamine) in Glyeerol/Tris-HCL At least 250 cells (10
fields) were analyvzed per coverslip in wiplicate, and invasion rates
were caleulated as the number of intracellular parasites/ 100 host
cells. Graphs were plotted nsing GraphPad Prism 5.0 [(GraphPad
Ine.) and statistically significant differences were determined using
Student’s { test.

Ethics statement

All animal procedures were approved by the animal-care ethics
committee ol the Federal University of Minas Gerais (Protocol #
252720090 and were performed under the  guidelines  from
COBEA (Brazilian College of Animal Experimentation) and
strictly [ollowed the Brazilian law [or “Procedures for the Scientilic
Use ol Animals™ [11.794/2008).

Results

MASP subgroups and library construction

Prior to investigating the MASP expression profile. we
performed sequence clustering analysis of the family 1o idenuly
subgroups, whose expression profiles were then analvzed. To this
end. we performed pairwise alignments ol the coding sequences of
all MASP genes, resulting in a distance matrix that was used 1o
generate a multidimensional scaling (MDS) plot (Figure S1). The
k-means method was used to define six clusters or subgroups
(Figure SIA) [Table 84). Due to the extensive sequence variability
ol the MASP [amily. we performed a series of electronic PCR
analvses 1o select the primers suitable 1o amplily most MASP

Library code

Trypomastigote production

Tryp.0.llemk2
Tryp.14pllcmk2
Tryp.14p.l6
BloodTryp.2p
BloodTryp.10p
Tryp.4p.llemk2
Tryp4p.lé

Tissue culture trypomastigotes prior to infection of the two cell types

Tissue culture trypomastigotes derived from LLC-MK2 cells after 14 passages

Tissue culture trypomastigotes derived from L6 cells after 14 passages

Bloodstream trypomastigotes after 2 passages

Bloodstream trypomastigotes after 10 passages

Tissue culture trypomastigotes after in vivo step derived from LLC-MK2 cells after 4 passages

Tissue culture trypomastigotes after in vivo step derived from L6 cells after 4 passages

doi10.1371/journal.pntd.0001779.1001
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***Excluding redundant matches among the different libraries.

Valid sequences: quality tested sequences used in the analysis; MASP hits: valid sequences identified as MASP genes; Tryp.Qllcmk2: culture trypomastigotes prior to infection of the two cell types; Tryp.14p.llcmk2: culture

trypomastigotes derived from LLC-MK2 cells after 14 passages; Tryp.14p.l6: culture trypomastigotes derived from L6 cells after 14 passages; BloodTryp.2p: bloodstream forms after 2 passages; BloodTryp.10p: bloodstream

trypomastigotes after 10 passages; Tryp4pllemk2: culture trypomastigotes after in vivo step derived from LLC-MK2 cells after 4 passages; Tryp.4p.16: culture trypomastigotes after in vivo step derived from L6 cells after 4 passages.

doi:10.137 1fjournal.pntd 0001 779.t002
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transcripts. These analyses suggest that most of the MASP
(99 Qn

complete genes (77.8% or the equivalent o 630 genes) and

eventually those derived Irom pseudogenes (35.9%. 317 members)

could be amplified in a semi-nested RT-PCR using primers for the
spliced leader sequence (SL) and MASP 3'UTR (3'UTRI and
3'UTR2) |

of the semi-nested RT-PCR to guarantee that the amplilied

Agure S1B). The SL primer was used in both reactions

transeripts were mature, whereas the 3'UTRI1 and 3'UTR2
primers were derived from the MASP 3'UTR, which is the most
conserved region of MASP wanscripts [5]. In addition, because of
the mosaic structure of MASP genes having shared [ragments
among the members [4]. this combination ol primers has the
advantage ol generating amplilication products containing the
entire MASP coding region and therefore would allow an
unequivocal identification ol the expressed genes. Using these
primers, five ol the six dilTferent MASP subgroups can be amplified

[Figure S1).

MASP expression profile in culture and bloodstream
trypomastigotes

We hypothesized that the large repertoire ol MASP peptides
may contribute to abilitv of 77 ¢rezi 1o infect and/or survive within
several host-cell types and/or participate in host immune evasion

mechanisms [3]. To begin investigating this hypothesis, we
constructed seven expression libraries [rom tssue culture trvpo-
mastigotes  derived  from two  cell types [epithelial cells and
myoblasts), and rom bloodstream trvpomastigotes recovered alier
sequential passages in mice [Table 1. For all libraries, the
amplilication profile by semi-nested RT-PCR presented a smear in
both reactions (Figure 82}, indicating the co-expression ol several

MASP wanscripts with different lengths. Fragments ranging lrom
500 1o 2,000 bp were cloned into pGEM-T vector (Promega) and
a total of 960 clones were sequenced. Based on the percentages of

valid sequences, ranging from 76.4% to 90.6%, the libraries were

considered to be of good quality (Table 2). The 7. ez genes
corresponding to the best hit ol each valid EST sequence are
shown in the Table 85, We retrieved a total of 94 MASP complete
genes by analvzing the content of the libraries altogether, even
though the number of sampled transcripts per library was
restricted to 20 1o 32 genes. Although the proportion of sequences
with non-MASP best hit ranged [rom 50% to 83.9%. the majority
ol these genes are short hvpothetical proteins that appear to be
unreal because they were predicted within the MASP 3'UTR,
which contains the annealing sites of the reverse primers used to
construct the libraries. Other non-MASP hits include chimeric
sequences containing the MASP C-terminal coding sequence and
the downstream MASP 3'UTR and TeMUC mucin genes and
retroelements [ollowed by fragments of the MASP 3'UTR. We

an

also detected the transeription of pseudogenes, ranging [rom 4.8%
to 37.8% ol the MASP hits in all the libraries. Because the library
ol bloodstream trypomastigotes alter 10 passages
presented a higher proportion of pseudogenes |
average of 12.3% for all other librarie

[Blood. Tryp. 10p)

7.8% versus an

a larger number of

I

96 more sequences ol the Blood . Tryp. 1 0p expression library than

sequences [rom this library was analvzed (Table 2). We analyzed

ol the other libraries, and the number of MASP genes sampled in

this library was similar to those of the other libraries. We mapped
the MASP ¢DNAs in the MDS distribution to represent a visual
analvsis ol the expressed members. A transparency was applied to
the dots so that differences in their size would represent differences
in the level of MASP expression (Figure 2).

In a previous study, we had identified several MASP transcripis
in a cDNA library constructed from tissue culture trvpomastigotes

derived from Vero cells [5]. Here, we investigated whether MASP
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Figure 2. MDS distribution of sequences from the MASP expression libraries. Figure 2A: MDS distribution of sequences from the MASP
expression libraries of bloodstream forms from sequential passages and of culture trypomastigotes after the in vivo step. Figure 2B: MDS
distribution of sequences from the MASP expression libraries of culture trypomastigotes derived from distinct cell types. Black bordered genes: MASP
complete genes analyzed by gRT-PCR. Tryp.0.llcmk2: culture trypomastigotes prior to infection of the two cell types; Tryp.14p.llemk2: culture
trypomastigotes derived from LLC-MK2 cells after 14 passages; Tryp.14p.6: culture trypomastigotes derived from L6 cells after 14 passages;
BloodTryp.2p: bloodstream forms after 2 passages; BloodTryp.10p: bloodstream forms after 10 passages; Tryp4plicmk2: culture trypomastigotes
after in vivo step derived from LLC-MK2 cells after 4 passages; Tryp4p.l6: culture trypomastigotes after in vivo step derived from L6 cells after 4

passages.
doi:10.1371/journal pntd.0001779.9002

is also expressed in bloodstream trvpomastigotes during the acute
phase of experimental infection. In addition, we compared two
expression libraries constructed [rom bloodstream tryvpomastigote
forms after sequential passages in mice. As shown in Figure 2A,
bloodstream  trypomastigotes derived from a given passage co-
express MASP genes belonging 1o all five different groups.
ssion of different MASP genes. MASP
expressed genes lor which we could design specific primers were
analyzed by qRT-PCR. Significant dilferential expression was
observed by qRT-PCR for MASP2. MASPIG, and MASP27
between bloodstream  rvpomastigotes [rom sequential passages
[Figure 3AL MASP2 and MASP27 were signilicantly more
expressed in bloodstream trypomastigotes alter 10 passages in

indicating a broad expr

mice compared to wrypomastigotes alier two passages. In contrast,
MASPIL6 was signilicantly more expressed in bloodstream forms
alter two passages in mice. In addition to the temporal changes in
the expression ol a given gene alier sequential passages i mice, we
also found that the level of expression of distinet MASP transeripts
varies significantly in the wrypomastigote population. For instance,
MASP2Y is 100 tmes more expressed than MASP 23 in all
libraries (Figure 3. These results indicate that the expression
profile of distinet MASP genes is heterogencous and may vary
alter sequential passages in mice.

To investigate whether tssue culture trvpomastigotes had a
distinet MASP expression profile compared with the bloodstream
forms, part ol the wrypomastigote population collected alter two
passages inomice was used to infect myvoblast (L) and epithelial
cells (LLC-MRK2), and after 4 passages in colture, the RNA was
extracted for library construction. Both libraries. Trypodpllemk2
and Trvpadple, showed a very similar pattern ol expression

PLOS Neglected Tropical Diseases | www.plosntds.org

(Figure 2A5. In lact, no significant diflerence in gene expression
between these two libraries was observed lor those genes analvzed
by qRT-PCR (Figure 3A) In contrast, we detected dillerences in
the expression profile ol bloodstream lorms alier two passages
(BloodTrvp 2p)  compared  with  both Trypapllemk2  and
Trvpaplt libraries (Figure 2A) This was conlirmed by gRT-
PCR: MASP2 and MASP27 were more expre
compared to the Blood Tryp2 library, whereas MASPLO was more

secd in Trvpapl6

expressed in bloodstream forms alier two passages compared with
Li- and LLC-MK2-derived trypomastigotes alter four passages
(Figure 3A).

Because we did not detect significant changes in NASP
expression when comparing trvpomastigotes alter four passages
in the two types of host cells (myoblast and LLC-MEK2 cells), we
decided to analyze the NMASP expression profile after a larger
number of passages in these two tvpes ol tissue culture cells (14
passages). Similar 1o what was observed in the other libraries, in
both Tryp. Hpllemk? and Tryp. 1pl6 libraries. we also detected
co-expression of MASP genes in five different groups. Further-
more, MASP27 15 one ol the most represented genes i the
sequenced  clones, while NMASP23 was not sampled in these
libraries (Figure 2B). This data were validated by gRT-PCR since
we detected remarkably high levels ol expression of MASP27
comparcd to the other analvzed genes. while MASP25  was
approximately 100 times less expressed in all libravies (Figure 38).
More importantly, more notable dillferences in MASP expression
in trypomastigotes derived [rom both host cells were observed alier
14 passages compared 1o the expression profile alter 4 passages.
We observed by qRT-PCR that MASP2, MASP4, and MASPILG.
belonging to the Red subgroup, were more expressed in Li-
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Figure 3. Expression analysis by g RT-PCR of selected MASP genes. Relative quantity (Rqg) calculations were based on specific standard curves
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cell types. Tryp.0.lcmk2: culture trypomastigotes prior to infection of the two cell types; Tryp.14p.llcmk2: culture trypomastigotes derived from LLC-
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doi:10.1371/journal.pntd.000177%.g003

derived 1rypomastigotes compared 1o LLC-MK2-derived trvpo-
Figure 3B Whether these specliic
ated
within

mastigotes alter 14 passages
MASP members are implic
replication. and/or  survival

in  wypomastigote invasion,
L6 eells be
investigated. Nevertheless, by performing  invasion  assay, we

remain o
confirmed an association hetween the MASP prolile and the
infectivity of Lo-derived trypomastigotes (Figure 831 Specifically.
we evaluated the rate of invasion of Lb and LLC-MK2 cells by the
same population ol wrypomastigotes that were maimained for 17

consecutive passages in L6 cells,. We found a higher rate of

tnvasion ol L6 cells compared with LLC-MKZ2. reinlorcing our

sages of trypomastigotes
in a given host cell may configure a specilic expression profile that
optimizes the rate ol invasion.

The dilferences observed by gRT-PCR are in agreement with
the hierarchical clustering analvsis of all expression libraries using
the peefast package (Figure 4). The dendrogram derived rom the
that,
trypomastigotes derived [rom either L6 or LLO-MK2 cells are

peelust analysis shows alier four passages. tssue culture

very similar. In contrast, tssue culture trypomastigotes libraries are

PLOS Neglected Tropical Diseases | www.plosntds.org

distantly clustered [rom  Dbloodstream  wrypomastigote  libraries.
Taken together. these results indicate that tissue culture and i
vivo infection may selectively configure a distiner MASP expression
profile in trvpomastigotes.

MASP antigenic profile in the acute phase of the
experimental infection

To mvestgate the MASP antigenic profile in the acute phase of
the experimental infection, we performed B-cell linear epitape
on the MASP proteins  derived
members using the Bepipred algorithm [17]. Only predicted

prediction from  expressed
epitopes exclusive for MASP proteins were selected. A woal of 110
peptides Tor 64 MASP expressed genes. from a total of 94 genes
identified in the expression libraries, are member specific and were
ol the

Q0
(JUI.'!J

analvzed by immunobloning. We found that 74 1o
analyzed MASP members were recognized by sera ol acutely
infected mice. having at least one reactuve peptide [RIZ=2.0)
5). Additonally. 21 1o 35% of the

against one serum pool (Figure 5)

MASP members were recognized by all three serum samples. The

August 2012 | Volume 6 | Issue 8 | e1779



=

83

05 [FE-]

BloodTryp.10p ——

0.4

BloodTryp.2p

a4

Height
03

0.2

B

Trypdp.6 J
Tryp.14p.16
Tryp. 14p.licmk2

Tryp.dplicmk2 ‘|

[Distance. comelation
Cluster method: average

Gene Expression and Antigenicity of T.cruzi MASP

Tryp.0.licmk2

Figure 4. Dendrogram of hierarchical analysis of MASP expression libraries. The uncertainty of the hierarchical cluster analysis of all
expression libraries was calculated using Pvclust package [10]. AU values (in red): approximately unbiased p-value.

doi:10.1371/journal.pntd.0001779.9004

remaining peptides were not reactive or were excluded rom the
analysis alter the normalization step with sera ol uninfected mice.

Following the peptide screenings on SPOT armrays. seven
peptides with high RI values were submitted for soluble svinthesis
As expected, LIgM
and leGG antibodies from infected mice were reactive against all
MASP peptides and also against SAPA, a known 70 oruzi epitope

to be used in ELISA experiments (Table 8!

derived [rom a repetitive region ol the wans-sialidase enzyme [21]
[Figure 6. MASP genes with low expression levels had reactive
peptides, such as peptide D 1O, derived [rom MASP25. However, it
is important 1o emphasize that mRNA and protein levels in 7. crnzé
associated. and therelore we cannot assume
that the level of expression ol the NMASP23 protein is also low. A

are not always linearly

variable level ol reactivity against MASP peptides was also

observed between the sequential passages in mice. Furthermore,

variable levels of recognition by the two immunoglobulin tvpes
[IgG and IgM; of each peptide were observed. High levels of IgM
were observed against peptide B3, derived from MASP27, alter

ten passages in mice. It is worth noting that, as mentioned helore,
MASP27 had the highest expression levels in all ¢DNA libraries.

High levels of TehI were also observed against the peptides H5 and

JLO alter two and 12 passages in mice. Both peptides are derived
from MASP genes with low expression levels. The other peptides
testedd by ELISA that were derived from genes expressed ar low
levels, displaved a distinet level of antibody recognition. SAPA
reactivity by TgM had high values. and the resulis also indicated
that there was a dilferenual recognition by IeM  antbodies
between the sequential passages in mice. The allinity levels of
the Ig6 and [gM antbodies against MASP peptides were also
measured (Figure 541, The IeG antibodies against all tested NASP
peptides presented intermediate allinity, ranging lrom

auel
58.5%, which were higher levels than that of the aflinity of
antibodies against SAPA (40%). In comrast. IeM  antibodies
against MASP peptides presented variable levels of allinity. IgM
antibodies against €5 peptides presented intermediate afliniry
[54.9%), whereas antibodies against MAST peptides C35, B5. D10,
HI. and SAPA presented low allinity, ranging rom 17.8 10 55.2%.
The distinet antibody aflinity levels are most likely related 1o
dilferences in peptide  composition rather than 1o the towal
antibody  levels againgt the pepuiddes. For instance,  antbodies

PLOS Neglected Tropical Diseases | www.plosntds.org

against the peptides G5 had the highest allinity index, despite the
lact that the wtal antibody against this peptide had the lowest level

igure 5S4

Overall, these results showed that different members of the
MASP family are expressed during acute 7. ez infection and
constitute parasite antigens recognized by lgG and IgM antibod-
ies. The results also indicated thar distinet MASP peptides could
trigger dillerent antibody responses and that the antibody level

against a given peptide may vary aller sequential passages in mice.

Discussion

A key T oeruzi strategy 1o survive in a mammalian host is i
ability to actively invade a wide variety of non-phagocvtic host
cells. The acute phase ol Chagas disease is characterized by
intense parasitacmia and tissue parasitism involving the infection

ol heart, skeletal and smooth muscle cells, as well as liver, fat. and

brain cells [24-27]. Furthermore, during the chronic phase, there
are several reports on dillerences of 7. eruzi ropism 1o host tissue.
which is associated with the pathogenesis of Chagas disease [28

31]. Therelore, an important aspect to understanding 7. eruzé
infection is the identification of molecular components of both
parasite and host cells that play a role in the infection of a broad
range of cell tvpes. In this regard, several studies have investigated

changes in gene expression during 70 ez infection. However,

these studies have focused mainly on the modulation of gene
expression ol the host cells [32—40]. Although several wryvpomas-
tignte surface proteins have been implicated in host-cell recogni-
ton/ invasion [41-46]. so [ar there is no dear association between
a . ermzi expression profile and its ability 1o invade/proliferate in a
given host cell.

In our previous work on the molecular characterization of the
MASP family [5]. we
involved in host-parasite interactions becanse of ther surface

speculated  that these proteins mav be

localization on the infective circulating rypomastigote  forms.
Moreover, the MASP family is highly polvmorphic and can be
seoreted by the parasite, thus contributing 1o a large 7. cmze
polypeptide repertoire that could be exposed to the host cells and
the host’s immune svstem [3]. In fact, it has been shown recently
that a MASP protein is able o induce endocytosis in Vero celly
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Figure 5. Screenings of MASP B-cell epitopes using SPOT peptide arrays. Blotting representative images using sera pools (n = 10) after 2, 10,
and 12 passages in mice of CL-Bnener T. cruzi; predicted peptides were covalently synthesized in pre-activated cellulose membranes according to the
SPOT synthesis technigue (Frank et al., 1992); circled spots: peptides with the highest Rd values.

doi:10.1371/journal pntd.0001779.9005

[47]. a process whereby the wypomastigote lorms ol the parasite
actively invade host cells [48]. As an anempt o investigate
whether MASP members could be implicated in interactions with
specilic cell tvpes, we investigate the MASP expression profile in
trypomastigotes derived from epithelial (LLC-MEK2) and myoblast
(L6 cell lines. We selected these cell types because LLOC-MK2 s
widely used lor maimtaining 7. ez in i st culture, whereas
myoblasts give raise to muscle cells, which are target by 1. vz
during acute and chronic phase of Chagas disease [26.49]. We did
not detected signilicant changes in the MAST expression profile
between these two host cells alter 4 passages in tissue culture.
However, diflerential expression of MASP genes were detected by
sequencing and by qRT-PCR analyses between trypomastigote

lorms derved from these two host cells alier a larger number of

tissue culture passages: MASP2, MASPIY and MASPLI6 were
significantly more expressed in myoblasts compared 1o epithelial
cells alter 14 passages (Figure 3B, This is an indirect evidence that

PLOS Neglected Tropical Diseases | www.plosntds.org

dilTerent NMASP genes may be implicated in the interaction with
distinet cell tpes. As indicated before. it was recently demon-
strated  that one  MASP member  (named  MASPH2,
TeO0 L047053504259.220) is secreted by trypomastigote forms
upon contact with non-phagocvtic Vero cells and is able o induce
endocytosis [47]. This MASP gene was not sampled in our
sequenced  clones. Nevertheless, an the
selection of a MASP profile and the infectivity of Li-derived
parasites is suggested by the invasion assay experiment (Figure S3).
Whether peptides derived Trom NASPZ, NASPL and MASPLO
are involved in myoblast recognition/mvasion and/or parasite

association  between

proliferation/survival within myoblast cells remains to be inves-
tigated.

We have also investigated whether the transition from i 260 1o
i vitro infection would allect the MASP expression profile. To this
end, the same trypomastigote population that was recovered [rom

passage 2 in mice was used to infect myoblast and epithelial cells.
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Figure 6. MASP peptide ELISA. Seven MASP peptides and SAPA were submitted to soluble synthesis (Peptide 2.0) and ELISA experiments. Flexible
ELISA plates (Falcon) were sensitized with 2 ng of soluble peptides, incubated with uninfected and infected mouse serum pools from three passages,
IgG or IgM secondary antibodies, and revealed with OPD solution. Absorbance values were normalized with values resulting from ELISA of each

passage against total trypomastigote extract.
doi:10.1371/journal .pntd.0001779.9006
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and alter four passages in each cell type, the MASP expression
profile was analvzed. We found noticeable differences in the
MASP family expression profile when tissue-culture and blood-
stream forms were compared (Figures 2A. 3A and 4. Significant
dilferential expression ol the genes NMASP2, MASPI6 and
MASP27 was observed by qRT-PCR in tssue-colture derived
[Tryp.4pllemk2
TrypApl6) compared to bloodstream trvpomastigotes alier two

passages (BloodTryp.2p) (Figure 3A) These observations suggest

trypomastigotes  alter  lour  passages and

that selective pressure driven by tissue culture or in w0 infection
may induce distinet MASP expression profiles. Dillerences in
infections using bloodstream- and tissue cultwre-derived trypo-
mastigotes have already been reported. Specilically, it has been
shown that the rate ol i zitro inlection of distinet host cell types
does not correlate with the level of parasitacmia ol experimentally
infected mice [30]. We also found a heterogencous MASP
expression profile when bloodstream trvpomastigotes recovered
from mice alter 2 and 10 passages were compared: MASP2 and
MASPL6 were significantly more expressed in Dloodstream lorms
alier 10 pas
2. and the inverse was observed

s compared with bloodstream forms from passage
for MASPLE (Figure 3AL In

addition. a large number of MASP pseudogenes were expressed in

bloodstream lorms alter 10 passages, which was not abserved lor
any other library (Table 2). Sequencing a larger number of clones
ol this library did notsignificamly change this profile. Pseudogenes
may contribute to the diversity of the sequence repertoire through
recombination. Indeed. the nvolvement ol pseudogenes in the
generation ol variant surface glvcoprotein (VSG) diversity has
already been described in T2 drueed [51]. and it was hypothesized
that this mechanism may explain the large number of VSG
pseudogenes in the 70 drmee genome [32]0 Whether there is a
selective pressure imposed by the vertebrate host immune system
to increase the sequence diversity ol the MASP [amily in the
circulating tryvpomastigote forms at the expenses ol generating
pseudogenes remains to be investigated.

It is well established that several 70 eruzi surlace proveins are co-
expressed at a given time in the parasite population. leading o the
phenomenon ol antigenic variability [53]. Here, we [ound that, in

fact, several MASP genes are co-expressed. although the level of

expression ol each wanseript is very variable in a given library
) E:

gure 3), indicating a heterogeneous expression ol the family.
the trvpomastigote form ol the Y strain [7]. In this study, 37
unique MAST peptides found  in 167 MASP proteins were
identified at different expre
derived from LLC-MK2 host cells. Although the conditions and

ion levels in a parasite population

strains used in both studies were difTerent, it is interesting that two

MASP members sampled in owr expression  libraries from
trvpomastigotes  derived  [rom LLC-MK2 host cell were also
represented in this proteomie study [TeO0.1047053508253.10 and
Te00. 1047053510163.30). the

MASP expression in individual wypomastigotes by performing

We have previously analyvzed
immunofluorescence using non-permeabilized cells and an aflin-
ity-purilied antibody specific to a MASP subgroup. Only a lew
rypomastigotes were labeled with the antibocdy, suggesting that, o

least for some MASP proteins, their expression on the surlfiace of

trypomastigotes is not uniform in the parasite population [5]. The
present study added another laver ol complexity 1o the expression
of the MASP family since we detected temporal changes in gene
expression of the same gene alter sequential passages in mice an
also i trypomastigotes derived from epithelial and mvoblast cells
alter a large number of @ vifro passages (Figures 2 and 3).

How the parasite modulates the expression ol MASP genes
during the infection is an open question. We did not detect a
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This expression profile was also observed in the proteomic study of
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correlation between chromosomal location of the NMASP genes
sampled in our cDNA libraries and their expression levels (data
not shown), suggesting that there is no apparent bias regarding the
«d MASP
established that the control of gene expre

well

chromosomal location ol expre genes. It is

sion in Trypanosomatids
operates almost exclusively ar a post-transcription level, primarily
SUTR of
transeripts that modulate the mRNA stability by means ol

mediated by regulatory  elements with  the the

interactions with regulatory proteins [reviewed in 54]. We have
previously shown that the 3"UTR of MASP wanscripts is highly
conserved among the family members [3] and therelore may not
MASP

genes. Nevertheless, subtle nucleotide differences in these regions

be involved in the differential expression ol the distinet

and/or alternative  polvadenylation sites among the  differem

ranscrips favor or abolish specilic interactions  with

regulatory proteins. How the parasite changes the expression ol

may

the same MASP gene under different in sitio and in oo conditions
is also intrigning. In this case, it is possible that the host cell and/or
the host immune svstem may conligure a  specilic MASP
expression profile.

Another possible MASP [unciion that may explain the high
level of polymorphism ol the family would be its involvement in
immune evasion mechanisms. In additon o its extreme polymor-
phism. localization at the wypomastigote surface. and shedding
properties, another MASP [eature that reinforees this hvpothesis is
the large repertoire of distinet repetitive motils of the MASP
proteins [5]. It has been shown that several parasitic repetitive

proteins are targets [or strong B-cell responses [53.55-56]. In fact,

i stfien predictions performed by our group on the entire MASP
proteome suggest the ocourrence ol a large repertoire of B-cell
epitopes in the family (data not shown). In the present study, we
validated these predictions by showing that several peptides
derived [rom MASP-expressed members reacted with sera [rom
acutely infected mice (Figures 5
ol several MAST peptides supports the interaction ol the MASP
family with the host immune system during acute 7. orazd infection.

and 6. The antbody recognition

We have also investigated whether the MASP antigenic prolile
changes during acute infection. Indeed. variable antigenic profiles
between the trypomastigotes isolated [rom sequential passages in
experimentally infected mice were observed by immunoblotting
and ELISA (Figures 5 and 6). The MASP family. along with other
T, ez surlace proteins. may contribute o the polyelonal

lymphocyte activation that leads o hyvpergammaglobulinemia
and the delayed specilic humoral immune response. that are

characteristic of the acute phase of Chagas  disease. These

plhienomena are suggested 1o be an immune evasion mechanism
[57-59]. Palvclonal lvmphoceyte B oactivation could scatter the
immune response, preventing the development of a specific and
newtralizing  response  against the parasite and its complete
elimination. T-cell independent responses may contribute 1o
Indeed, the SAPA repetitive G-

terminal region of the wans-sialidase protein was reported 10 be a

hypergammaglobulinemia [57].

T-cell independent B mitogen and inducer of non-specific Ig
secretion [36]. It is possible that MASP peprides could mediate
both spealic T-dependent or unspecilic T-independent immune
the
dilferential recognition of MASPs by the two immunoglobulin

responses. a hypothesis that s partially  supported by
tvpes (IeM and TeG) and the dilference in the antibody allinity
levels against each of the synthetic peptides. We speculate that
variations in the large repertoire ol antigenic peptides derived
from the MASP lamily may contribute to the mechanism ol
immune evasion during the acute phase of the infection.

This is the [irst report on the antigenic properties of the NMASP

family, supported by the description of the antibody recognition ol
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expressed MASP peptides in the acute phase ol the experimental
inlection. MASP expression in bloodstream wypomastigotes is also
first described in this study, as well as the dillerental expression of
its members in trypomastigotes derived from distinet host cells and
during acute experimental infection. The MASP expression prolile
is likely 10 be even more complex than reported here due to the
limitations ol our approach. The construction of the expression
libraries in our investigation was limited by the similarity of the
MASP 3'UTRs, and by the limited number of clones sequenced.
Nevertheless, this study revealed a much more complex pattern of
MASP exp

RNA-seg approach to study the wanscription ol bloodstream,

m than was previously described [5]. The use of an

tissue-culture derived parasites and infected host cells will reveal a
comprehensive picture of the expression ol genes involved in 70
erizi—host cell interactions.,

Supporting Information

Figure S1 Multidimensional scaling (MDS) plot of
MASP genes. Pairwise alignments ol the 1,377 MASP genes
were performed and the distance matrix was used 1o generate a
multidimensional scaling (MDS) plot. K-means method was used
to define the clusters or groups. A: MDS distibution of all 1,377
MASP genes; B: MDS disiribution of the 947 NMASP genes
amplified by e-PCR allowing 2 gaps and 2 mismatches in the
primer annealing sequences. Pseudogenes are shown in purple
color.

[TIF)

Figure 82 Construction of the MASP expression librar-
ies: RNA and ¢DNA quality controls and semi-nested
RT-PCR for MASP representative agarose (A, B, D, and
E) or polyacrilamide (C), electrophorese gels. A | 10 7:
PCR for AHADH? gene using total RNA as template: la, 2a, and
RNA samples before DNAse [ digestion, DNA
contaminated. B. | o 7: PCR for AHADH2 gene using the
cDNAs as templates corresponding to each RNA sample; CNRT:
PCR using a negative cDNA [with no RNA) as template: C. 1 1o 7:
PCR for RADSL gene using the ¢DNAs as templates correspond-
ing to cach RNA sample. D. | to 7: First PCR reaction lor MASP
family using each ¢DNA as template, with primers SL and
3'UTRL E. | 1o 7: Second PCR reaction for MASP [amily using
with primers SL and 3'UTR2;
{ genomic DNA as template; CN:

Sa: same

each PCR sample as template,
gDNA: PCR using 10 ng 7. en
negative control of PCR reaction, with no DNA template.

(TTF)
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