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Current Millennium Biotechniques for Biomedical Research
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The development of biotechnology in the last three decades has generated the feeling that the newe:
scientific achievements will deliver high standard quality of life through abundance of food and means
for successfully combating diseases. Where the new biotechnologies give access to genetic informatior
there is a common belief that physiological and pathological processes result from subtle modifications
of gene expression. Trustfully, modern genetics has produced genetic maps, physical maps and com
plete nucleotide sequences from 141 viruses, 51 organelles, two eubacteria, one archeon and one eu
karyote(Saccharomices cerevisial) addition, during the Centennial Commemoration of the Oswaldo
Cruz Institute the nearly complete human genome map was proudly announced, whereas the lates
Brazilian key stone contribution to science was the publication dbliiikela fastidiossgenomic se-
guence highlythed on a Nature cover issue. There exists a belief among the populace that further scien
tific accomplishments will rapidly lead to new drugs and methodological approaches to cure genetic
diseases and other incurable ailments. Yet, much evidence has been accumulated, showing that a larg
information gap exists between the knowledge of genome sequence and our knowledge of genome fun
tion. Now that many genome maps are available, people wish to know what are we going to do with
them. Certainly, all these scientific accomplishments will shed light on many more secrets of life. Never-
theless, parsimony in the weekly announcements of promising scientific achievements is necessary. W
also need many more creative experimental biologists to discover new, as yet un-envisaged biotechno
logical approaches, and the basic resource needed for carrying out mile stone research necessary for
leading us to that “promised land”often proclaimed by the mass media.
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This sort of pragmatic econometrics gained much
SUFFERING FROM INFECTIOUS DISEASES? influence among policy makers, regardless of a lack
We all agree that recent advances in biomedaf an ethical consideration of the needs of those
cal technology and genomics have opened up exdividuals already affected by infectious diseases
citing possibilities for the development of vaccinesor at continuous risk of contracting the infections.
chemo- and immuno-therapeutics, and new toolsurthermore, recent annual reports from interna-
for control of transmission of major tropical dis-tional organizations showing certain deteriorating
eases. Also, it has been considered that infectiongalthy condition in the tropical regions of the
diseases represent a tremendous public health bwierld strongly advise policy makers that unhealthy
den and continual threat to people living in tropitife conditions preclude optimal individual produc-
cal and subtropical regions of the world. Howevetivity and socioeconomic development.
the economists in the administration of public or In this respect, an international organization
private institutions have curtailed financial supporteport reminds the reader that 20% of the world’s
to scientific research in infectious diseases, highlyopulation carries at least one helminthic parasite
prevalent in the tropics arguing that those diseas@ffection, and that 10% are infected with those
parasites causing malaria, trypanosomiasis, leish-
maniasis, schistosomiasis or filariasis. Greater than
70% of deaths in children less than five years of
age and greater than 40% of deaths in developing
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surable global morbidity and mortality. Childhood = The word genomics was selected to designate
mortality rates in tropical developing countries arg¢he study of information developed by the genera-
five times higher than those in industrialized countion and analysis of genes and genomes through
tries. Furthermore, the morbidity and mortality ofsystematic DNA sequencing projects, and very re-
several tropical diseases in endemic areas are irently the term functional genomics has been used
creasing, due to changing ecological patterns leath designate all information about what genes do,
ing to an increase in incidence and prevalence (e.gvith the understanding that the information was
malaria in Amazo6nia), geographic spread (e.gproduced systematically. The current literature in-
dengue) in the Americas, drug resistance, and/oludes the terms: proteomics and transcriptomics,
failure of currently available control measuresvhere “omics” means all the work systematically
(Teixeira et al. 2000). produced on an industrial scale. Below we will
What can the latest genome sequence informdescribe some early findings that led to the rise of
tion do for fostering scientific research that wouldhe importance of genomics and systematic gene
lead to more effective treatment, prevention andequence mapping in modern biological sciences,
control of tropical infectious diseases? The answeavhich are equally important for the studies of in-
to this question addresses the reader for countlefestious diseases and host-parasite relationships.
highly significant examples showing how have sci- DNA polymorphism and linkage information -
entific knowledge and technologies improved qualPrevious research discoveries leading to the con-
ity of life in the tropics? Basically, every tropical cept that genomics could be of major added value
disease cited in the above paragraph would sergeemmed from the finding that DNA polymorphism
for showing the important practical benefits of pasfRFLPs: restriction fragment linkage polymor-
and current research. In very pragmatic languagphisms, or SNPS: single nucleotide polymor-
the money and human lives saved by fosteringhisms) could be associated to the Mendelian rules
public health in Brazil with the aid of scientific of inheritance. This discovery is of great impor-
knowledge generated in our national institutionsance for the biological sciences (Botstein et al.
certainly exceed by several folds the investmerit980). Such a correlation led to development of
made. Nonetheless, new pathogens have been disarkers linked to inherited traits (alleles) for iso-
covered and the increased biological diversity dation of genes responsible for a genetic disease.
several pathogenic species has been elucidatedlihe isolation of the genes responsible for
correlation with increasing microbe drug resistancejuntington’s chorea (Gusella et al. 1983) was the
virulence and/or pathogenicity. These threateninfirst breakthrough in modern genetics and this ob-
factors represent a clear need for sustained reseasghvation generated the human medical genetics
support in biomedical sciences and require skillfustrategy for isolation of individual disease genes
introduction of the latest scientific achievementgFraser et al. 1998, Winzler et al. 1999).
aiming at a better quality of life in the next de- Genome organization The genome is orga-
cades. In the following paragraphs we will depichized by pairing of four bases: CG and AT, namely
the biological research needed to be carried out guanine, cytosine, adenine and thymine. The sys-
parallel with the latest scientific achievements, inrematic sequencing of these structures has revealed
order to develop new tools for treatment, preveran array of features that have been taken as some
tion and control of infectious tropical diseases. kind of previous selection rather than evolution-
INFORMATION FROM GENE MAPPING AND ary accident, regardlgss that t.he functional signifi-
SEQUENCING cance of a sequence is sometimes unclear. The two

A lona list of review papers on gene manoin examples demonstrate this point. The short chro-
9 pap 9 PPINGhsomes aBaccharomices cerevisiabow higher

and sequencing advances is available in the Iiter?écombination rates than larger ones, and ORF’s

ture (Schuler et al. 1996, Weinstein 1998 O’BrieQ : L

. ' opened reading frames) with higher than average
etal. 1999, Evans & Relling 1999, Wolf & Matzke o 5" ytent at silent positions tend to be on those
1999, Brent 2000) with information from SeqUeNCsmaller chromosomes (Bradnam et al. 1999). On
ing projects for virus, bacteria, yeast, fl|¢s, MICC%he other hand, AT-rich areas near centromeres
and humans. Unfortunately, not much is know i

about the genomes of microoraanisms. causi "Yhow lower rates of meiotic recombination than

tropical disgases and thereforeg most of the dri‘l[%-e rest of the genome (Goffeau et al. 1996). Brent
pical ¢ P D ' ; 000) considers these finding “all fascinating, but

cussion in the following paragraphs will be base o far uninterpreted”. However, tH@geponema

in inferences from the various genomes from whic allidumcomplete genome sequence and mapping
complete or almost complete sequencing have be s suggested the information might help the for-

?chr(])rrlglig{\;d,1ggerst)icularly the human 9ENOME, yjation of a medium for growth of the agent of
u ' : syphilis (Fraser et al. 1998).
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Genome sequence and inferred protelBn-  population-related anthropological issues (Owens
coded effector molecules are complement of sé& King 1988). This area of scientific advancement
guences from genomic DNA, expressed sequencembined with very powerful statistical methods
tags (EST) and full-length cDNA. This informa- (Pearson & Lipman 1988, Autschul et al. 1990)
tion generated the belief that having more seanay give important information about genetics of
guences lead to more knowledge of a gene’s funsusceptibility and resistance to infectious diseases.
tion, because if that information were reported foBuch experimental biological research based in
one organism, similar sequences from other orgasystematic DNA sequencing will represent an im-
isms may have similar gene functions. Truthfully portant basis for constructing “predictive medicine”
we lack knowledge of the function of genomic proin this century.
tein complements. This assertion is substantiated Comparative genome hybridizationThis
by the fact that most sequences are of bacterialotechnique can be performed using an ordered
genomes and most of those refer to microbial mexray of DNA from various sources at different
tabolism than to other aspects of biology (Brenintervals along the genome. The data are obtained
2000). Also, the depicted frameworks of biologi-by comparing hybridization patterns of differen-
cal function revealed by coding sequences atélly labeled DNA sequences taken from differ-
evocative but not often conclusive. Between 15 anght stages of cell cycle/organization. The applica-
40% of the proteins encoded by any genome dn of this technique in various disease conditions
not have a function readily. will shed light on the genomic differences between

Gene regulation -Automatic sequencing healthy and sick cells, and apoptosis (Kallioniemi
projects have made possible the large-scale idengit al. 1992, Lockhart & Winzler 2000).
fication of sites of regulatory protein action. Nucle- RNA genomicsFhe level of expression of large
otides conserved in noncoding regions betwegopulations of MRNAs can be detected by hybrid-
some pairs of organisms allow identification ofzing to surface immobilized arrays of nucleic ac-
functional sites. However, a comprehensive urids. Lately, the use of non-proprietary arrays from
derstanding of how those sites work together witpolymerase chain reaction (PCR) products were
proteins to regulate gene expression awaits furthdeveloped, which greatly increased the speed of
technological development (Venkatesh et al. 1997)esearching gene expression and producing impor-

Phylogeny and evolutionlt has been specu- tant results (Liang & Pardee 1992, DeRisi et al.
lated that vertebrate genomes may represent a qu&97). These studies have suggested new regula-
druplication of an ancestral metazoan genome thadry relationships between transcription factors and
gave rise to helminths and flies (Spring 1997). Aitransduction pathways. A large number of tech-
attribute of organismic DNA sequences has beamques can define different functional mRNA
considered to demonstrate that some changes halasses and current knowledge on cell biology will
led to speciation and existing phylogeny. Therebe greatly increased from gene expression moni-
fore, analysis of DNA sequences has led to readbring.
justments in phylogenies once based solely on Protein genomics O'Farrel (1975) produced
morphology or paleontological information. Thesehe first large-scale surveys using 2-dimensional
observations made possible the use of spliceosonggdls for separation of a complex mixture of pro-
introns as markers to define phylogenies (Barbujatéins by isoelectric focusing and differences in
1997, Jin et al. 1999). In addition, DNA sequencesiolecular weight. The protein separated in an in-
demonstrate numerous instances of horizontal gedevidual spot (Lozzi 1998, Rabiloud et al. 1998,
transfer among different lower organisms specieSimdes-Barbosa et al. 2000) can be identified by
(Teixeira et al. 1991, 1994, Argafaraz 1996, Jaimass spectrometric determination of molecular
et al. 1999, Sim&es-Barbosa et al. 1999). Altoweight and sequence (Mann et al. 1993). The com-
gether, this information may lead to a much morbination of mass spectrometric proteolytic peptide
complete understanding of the natural history afapping and genome database searches provides
living species, as we incorporate knowledge frona rapid, sensitive, and potentially accurate means
molecular evolution. for identifying proteins (Li et al. 1999, Wilkins et

Genetic polymorphismsThe latest advance- al. 1999). Database search algorithms detect the
ments in systematically generated DNA informamatching between proteolytic peptide masses from
tion will foster population geneticists’ researcha mass spectrometry map and theoretical pro-
towards determining the full array of polymor-teolytic peptide mass of the proteins in a genome
phisms within species. In fact, polymorphism datalatabase (Eriksson et al. 2000). The number of
have already allowed reconstruction of the migrasample masses that matches is used to compute a
tion of different human populations during prehisscore for each protein, and the protein that yields
tory (Jin et al. 1999) and may shed light on othethe best score is assumed as the identification re-
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sult. These studies have been complemented Burthermore, genomics research has suggested the
insertional mutagenesis experiments aiming at deéargets for recombinant technology approaches aim-
tection of subcellular localization of a significanting at production of proteins of interest. However,
portion of the proteins expressed in an organisnfurther determination of the structure of recombi-
The tagged proteins are localized by immunofluorant or non-recombinant proteins is fundamental for
rescent light microscopy. Furthermore, interactionengineering and designing drugs required for treat-
among binary protein products (Fields & Songnent of infectious diseases, and for improvement
1999) have been tested by two-hybrid experiments current therapeutic drugs available.

to determine the equilibrium dissociation constant When the protein is abundant in a pure form,
of the binary interactions. The data are now stordts structure can be determined experimentally by

in searchable databases of various types. X-ray crystallography or nuclear magnetic reso-
BIOTECHNOLOGICAL APPROACHES USED FOR ~ Nance. In the case of the apyrasg.offestansve
INFECTIOUS DISEASE RESEARCH have undertaken experiments for obtaining the re-

- ombinant polypeptides for subsequent studies
Based on the description of the most relevar{ aiva et al. 1989). After obtaining the recombi-

biotechnological applications and on various exF]lgant proteins we shall determine the structures
amples of functional genome research, some eber et al. 1989). The calculation of minimum

which were discussed above, scientists have coj)- . ;
ducted research on infectious diseases affectirggﬁfoerrr]:;ggnfgomigdr:{f%rggiCat‘dgr%iee?nF}gll)é?neg tg;l/e
people in the tropical region of the world, aiming, ., 1ational and theoretical physics. However
at disclosure of host-parasite interactions an is predictionab initio may not be achiéved due '
Fat_hoger:/c\a/tlc rr_1”ect:)h§?||smds assb00|ﬁted W'”;] t'SdSll’c?the complexity of the protein folding and, there-
Vesrllons. ] € err ntrlle y deisncrtl)i em %\:" siucnda fore, the protein structure will be determined by
ances are currently use omedical anc eC80mpara\tive studies of homologous structure, re-
logical research as illustrated by Chagas d'seaﬁﬁed with mathematical tools (Hunter 1997). The

and leishmaniases. . T. infestansequence will be first aligned with se-
Proteomics Currently, comparative proleomes oo of homologous proteins deposited in a
of amastigote and trypomastigote formdgfpa-  j ianaqe and a 3-dimensional model might be pro-
nosoma cruzieveals state Specific proteins related o 4 by fitness of compared structures (Langen
to survival of the parasite in its intracellular stag et al. 1997, Edgard et al. 2000). Secondary and
The differential analysis of gene expression ShOWet rtia{ry stru’ctures might Be predicted also by an
thatT. cruzigene expression is controlled mostlyg ;ino database (Eriksson et al. 2000). Several
at post-transcriptional level (Teixeira 1998). o ithms might be used for statistical calculation
High resolution 2-dimensional eIectrophoreS|s(J the ability of each residue to form a specific
fﬁ”cz)\évie? t:yllgg:lg stpgftrotmtlat%ggsLb;a;inlgugsg condary structure, or it can be inferred by com-
( ozzielal. , raudry etal. 1 ' -0 arison with portions of known proteins. Energy
to identify subunits of apyrases in salivary gland olecular dynamics calculations based on mini-

of triatomines, which are important for the SUCthum free energy conformation are then used to

icn?‘Zf:?ol nfe_er(rj]g]gs aglg gfair:]fjrir\]/lizilgr ?gtfgﬁgr?nz'therefine the theoretical model. Experimental refine-
: P P ment can be further achieved by site-directed mu-

nylon membrane were subjected to tryptic d'ge%'agenesis in that sequence related to the protein

tion for mass spectrometric analysis. This Stuc%nction (DeRisi et al. 1997, Eriksson et al. 2000).
showed that a polypeptidic oligomer encloses the Application of protein structure determination

apyrase activity iriTriatoma infestansalivary = _ Knowledge of protein structure is required for

land secretion. Also, we have recently utilized 2- - : - - -
gimensional electrophoresis for identifil/ing diﬁer_ur_lder_standmg function and Interaction Of- protein
with ligands. Our study has led to investigations

\?le!allt)l’/ ﬁx?retssdea/imotems 'nnmacgorﬁn]?%?sl th h modifications of the protein, its ligands, or both,
ere transtecte a sequence o CIr''e Yhat could modify its function. Determination of

KDNA from T. cruzi(Simbes-Barbosa et al. 1999’grotein structure is considered a major step towards

2000). This study revealed marked differences i cientific breakthroughs in major diseases: drug

?rgg:f:éggeﬁqségpo arrgor;g uninfected and kDN esign can be targeted to synthesis of new inhibi-
phages. tors or agonists while protein engineering fosters

Protein structure determinationAdvances in - .. iction of more stable proteins with increased
genomics research allowed scientists to rapidly o ctivity. In this research area, docking algorithms
taiin protein sequences. Protein structure determings o po.en used to study interactions between mac-
tion is considered important for elucidation of progq 10 jles (protein-protein or protein-DNA), but
tein functions related to key biological activities '

these studies are currently applied principally for
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examining interactions between small molecules- Consistently, we have observed a high rate of
macromolecules, such as in drug design. For efalse positives, which is the main problem with the
ample, protein structure modeling and docking waBD technique. However, being aware that the DD
used to design parasite protease inhibitorgrovides the 3’ end of the transcript (usually the
(Quemeneur et al. 1998). These types of studiemn-coding region), an entire transcript can be
require international collaboration of researclsearched in a cDNA library using the RT-PCR 5’
workers in the cutting edge of protein biochemisRACE. Normalization of cDNA libraries increases
try. the discriminating power for the identification of
RNA genomics Differential display of mRNA differentially expressed genes and allows identifi-
- The biotechniques for manipulation of genes andation of poorly expressed sequences in microor-
their products have given us important informaganisms causing many tropical diseases (Soares et
tion for understanding the phenotype derived fromal. 1994, Bonaldo et al. 1996, Simdes-Barbosa
gene regulatory and expression mechanisms. TB800).
cDNA subtraction techniques are based in the Gene sequencing and post-genomics analysis
knowledge that differentially expressed transcript Biological research is being dramatically im-
will not hybridize, thus maintaining a single strandoroved by two factors: the massive increase in the
form. In the first version of the method, single ancamount of DNA sequence information and the de-
double DNA/RNA strand can be separated by afrelopment of new technologies to study its signi-
finity chromatography in hydroxiapatite columns.fication. New types of experiments are possible and
This technique has not been used because it ha#l help us to understand how cells and biologi-
low sensitivity for detection of transcripts of low cal systems work. At a time that many organisms
representation. This was followed by the develofhave had their genomes completely sequenced,
ment of the DNA microarray technique discussethcluding much of the human one, interdiscipli-
above, and other PCR-based techniques for anaary research is necessary to understand what those
lyzing gene expression were quickly developedyenes do and how they interact among themselves
These techniques require lower quantities adind with the environment, what goes wrong in dis-
MRNA and show high sensitivity. Two differentease, how parasites and hosts interact and how to
adapters are added to the tester cDNA, which adevelop a drug. Postgenomics analysis will revo-
hybridized with excess of the driver cDNA. A secutionize the way biology is studied. The goal of
ond hybridization performed among the productfunctional genomics is to understand how molecu-
from the first hybridization experiment might yieldlar components work together to comprise func-
differential transcripts possessing the two differtioning biological systems.
ent adapters, which are exponentially amplified by The current trend for automatic production of
PCR. A pan-like structure suppresses PCR whagenome sequences has generated an incredibly
the template shows same adapter at both ends (slgrge amount of data. An almost equally large
pression PCR). A variant to this suppression coramount of these data and information require post-
sists of adding oligo-(dT) 30-latex particles or bi-genomics analysis by experienced experimental
otin/streptavidin affinity to separate subtractediologists. Information on genomics is being used
cDNAs. experimentally with new technologies such as sys-
The technique of differential display of mMRNA tematic analysis of protein-protein interactions,
(DD), which is based in RT-PCR (Liang & Pardeesystematic gene knockouts, double-strand RNA,
1992, Liang et al. 1994, Zhang et al. 1996) hagenome-wide messenger RNA expression profil-
allowed us to analyze hundreds of transcripts iniag by using oligonucleotide chips, serial analysis
single experiment. The DD technique utilizes aof gene expression, green fluorescent protein, and
oligo dT anchored primer in the reverse transcrid@dNA microarrays (Hieter et al. 1999, Lockhart &
tion reaction. One-base anchored primer can s@/inzler 2000). However, the new technologies are
cure three possibilities: oligo dTA, oligo dTC andnot enough. It is necessary to change the way bi-
oligo dTG. Therefore, one third of the mRNAologists think.
population is retrotranscribed at the first base im- Examplifying such analytical approach, the
mediately before the poly A tail. Combining thiscomplete genome mapping &borrelia burg-
cDNA with the same one-base oligo dT anchoredorferi, a spirochete causing Lyme disease, a tick-
primer plus an arbitrary primer of 13 mer resultdorne zoonosis, allowed identification of putative
in PCR amplification of several transcripts, whichgene sequences for proteases that may play a role
can be analyzed on a sequencing gel. Many diffein the metabolism, growth and parasitic-host in-
ent combinations of anchored primers and arbitrarfigctivity. In our laboratory, we are employing an
primers can be used to screen thousands of tran-gel activity-mass spectrometry approach to iden-
scripts. tify protease gene function in this spirochete. Then,
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using both natural and fluorogenic substratesetic classification. This biotechnique consists in
Santana and co-workers identified some proteolytigsing primers either for the mini-exon gene or for
activities, and gel enzymography using gelatin cahe rDNA sequence of kinetoplastids (Souto et al.
polymerized with acrylamide revealed two majorl996). In addition to phylogenetic classification
proteolytic activities (unpublished data). Furtherof different protozoan flagellate isolates, this
more, inhibition patterns of both proteases showegiotechnique shows further molecular differences
that they belong to the serine-protease class. MaXietween the non-pathogenic flagellaieséngeli,
mal specific activities were found at neutral pHT. hastatusnd othecruzilike flagellates) and the
On-going research will require purification of thevirulent T. cruziandLeishmaniaspp.
proteases from thg spirochete cell free extracts _%NCLUD'NG REMARKS
a combination of ion exchange and hydrophobic o )
chromatographic procedures using FPLC and Th_e descrlpuo_n of Fhe most relgvant blotec_h—
HPLC. The purified enzymes will be submitted tonologlc_al appllcatlgns in paraIIeI. with systematic
mass spectroscopy analyses to determine their fiiénomic sequencing and functional genome re-
gerprinting and peptide sequence-tags. Second@l?arCh has made possible the use of the scientific
taking advantage that ti® burgdoferigenome is  Knowledge for the study of parasites and host-para-
known (Fraser et al. 1997), the genes encoding eagh€s interactions, for infectious diseases highly
protease will be amplified by PCR, cloned andPrevalent in the tropics. In the case of Chagas dis-
expressed. Thereafter, the recombinant proteas@@se. the 2-dimensional associated mass spectrom-
will be subjected to protein structure analyses arffry allowed us to identify oligomeric forms of
enzymatic activity characterization aiming at de@Pyrases in salivary glands of triatomines, which
veloping specific inhibitors both by drug design@e |mportant_forsuccesst_JI feedlng and transmis-
and combinatorial chemistry techniques. sion ofT. cruzi Post-geno.mlc anaIygs of sequence
Biological and molecular characterizations of Mapping ofB. burgdoferiallowed identification
kinetoplastid flagellates causing cutaneous and vi€f specific proteolytic activities in the cell-free
ceral leishmaniasis and Chagas diseaddon- extract pf this mfeonus agent. Comparatlve
pathogenic and pathogeriieishmaniaspp may ~Proteomics of amastigote a_nd trypomastigote forms
be undistinguishable from each other amdzk of T. cru2|u.n_der investigation has revealgad some
like protozoa are morphologically undistin- stage-specific proteins related to the survival of the
guishable from the virulent trypanosomatid@aras'te_'” the g:ytoplasm of the host cell. quthgr—
(Teixeira 1987). In addition to knowing the extentnore, differential analysis of gene expression in
of biodiversity in the taxa, and that these prototrypanosomatlds rgvealed that these protozoa have
zoan flagellates are phylogenetically related, thedBeir gene expression mostly regulated at the post-
parasites share constitutional genes and expresdgscriptional level. _ _
proteins and antigenic determinants. These are We have used 2-dimension electrophoresis for
strong reasons for pursuing phylogenetic classifidentification of proteins differentially expressed in
cations (Fernandes et al. 1998, 1999, Briones et glacrophages that were transfected with minicircle
1999), phenotyping and genotyping of these in}gDNA sequence forrﬂ_’. cruzias a'result of natural
fectious agents. Therefore, isoenzymic analysis #ffection. Also, the differential display of mRNA
freshly isolated kinetoplastid flagellates has dewas used for differential analysis of gene expres-
tected diverse isoenzymic profiles. Also, templat§ion among uninfected and cruzikDNA trans-
DNA from parasitic forms isolated from vertebratgfected macrophages. The results from these experi-
and invertebrate hosts can be amplified by PCRents have shown that, as a consequence of inte-
with primers derived from DNA sequences of argration of kDNA minicircle sequence into the ge-
chetype protozoan flagellates (Teixeira et al. 2000yome of the host-cell alteration of gene expression
Furthermore, DNA sequences from knowrfan occur. The anaIyS|s of thousands of transcripts
kinetoplastid flagellates have been used as a proff@m the control (uninfected) and from kDNA se-
for in situ hybridization characterization of wild guence transfected macrophages resulted in the char-
flagellates. The positive hybridization further@cterization of genes that were over and under ex-
shows the specificity of the PCR amp“ficaﬂonpress'ed. Further genomic ar_1aIyS|s has showr_1 that
products used for genotyping protozoan flagellatedocking of the gene expression resulted from inte-
isolated from vertebrate and invertebrate hosts. gration of a chimeric insertion sequence. Segment
The advances in molecular biology also allowé?f T. cruzi kDNA minicircle sequence covalently
separation between virulent, pathogenié‘”ked into a host c_eII LINE-1 transposable (_alement
kinetoplastid protozoa belonging to the subgenudas associated with gene shut off. We believe that
Schizotrypanumwhichhave been divided in syl- these findings may correlate with pathogenic mecha-
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cal manifestations. Many more biotechniques anBradmam KR, Seoighe C, Sharp PM, Wolfe KH 1999.
experimental biological research are required for G + C content variation along and amddaccha-
unraveling the molecular bases of autoimmune dis- romyces cerevisiaghromosomesvlol Biol Evol16.
eases such as Chagas disease. Moreover, biomeg-666-675.

: ; i~iprent R 2000. Genomic biologZell 100 169-183.
ﬁgl Sgenf Oe a(r:]ﬁsgsa%z ?:%ﬁgntomaerdscgn;g:g;gcéﬁr riones MR, Souto RP, Stolf BS, Zingales B 1999. The
ry app ’ 9 evolution of twoTrypanosoma cruzubgroups in-

ricula to strengthen the use of mathematics and cOm- e rreq from rRNA genes can be correlated with the

puter science. ) . . interchange of American mammalian faunas in the
In conclusion, we described previous review Cenozoic and has implications to pathogenicity and

articles depicting the front wave of experimental host specificity Mol Biochem Parasitol 104219-

biological research carried out in parallel with sys- 232.

tematically produced data and information inPeRisi JL, lyer VR, Brown PO 1997. Exploring the

genomics. We believe that the potential impact of metabollq and genetic control of gene expression on

this increase in knowledge and capability during . & 9enomic scalescience278 680-686.

this millennium depends on further developmentddar PF, Douglas JE, Cooper GJS, Dean B, Kydd R,

X . . . - Faull RLM 2000. Comparative proteome analysis
of new biotechniques, in parallel with statistics and

. of the hippocampus implicates chromosome 6q in
computer-based computation methods. Future ge- schizoph?gniaMOFI)l PsycﬁiatryS: 85-90. g

nomic biology will probably spur development of griksson J, Chat BT, Fenyo D 2000. A statistical basis
computer based analytical frameworks. for testing the significance of mass spectrometric
We believe that in this 21st century, genomic protein identification result#nalythical Chenv2:
discoveries will lead to meaningful knowledge  999-1005.
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