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INVITED REVIEW
Giardia duodenalis: INTER-STRAIN VARIABILITY OF PROTEINS, ANTIGENS, PROTEASES,
ISOENZYMES AND NUCLEIC ACIDS

Semiramis GUIMARAES(1), Maria Inés Leme SOGAYAR(1) & Marcello F. de FRANCO(2)

SUMMARY

Giardia duodenalisisolates from asymptomatic or symptomatic patients and from animals present similarities and differences
in the protein composition, antigenic profile, pattern of proteases and isoenzymes, as well as in nucleic acids analysis.
In the present overview, these differences and similarities are reviewed with emphasis in the host-parasite interplay and

possible mechanisms of virulence of the protozoon.
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INTRODUCTION

Giardia, a flagellate found in the small intestine of mammals,
birds, reptiles and amphibians, was first observed in 1681 by
LEEUWENHOEK in his own feces and later by LAMBL in 1859'%.
The genus Giardia was created by KUNSTLER (1882) when he
observed a flagellate in the intestine of tadpoles of amphibian
anurans’'.

Giardia goes through a simple life cycle during which the
parasite occurs in two distintic morphological forms, i.e., a
trophozoite and a cyst. The trophozoite is piriform, bilaterally
symmetrical and measures approximately 10-12 um in length by
5-7 um in width. It presents four pairs of flagella and a ventral
structure found only in the genus Giardia, denoted ventral disk
or adhesive disk, which permits parasite adhesion to the intestinal
mucosa of the host. Below the adhesive disk there are two parallel
formations denoted median bodies which are found only in the
genus Giardia and whose morphology has been used for species
determination. With respect to internal organization, the
trophozoites present two identical nuclei and no mitochondria.
The Golgi complex was recently demonstrated in encysted
trophozoites**'% .

The cyst is oval, 8-12 pm long and 7-10 pm wide, and has a
0.3-um thick outer wall of a glycoprotein nature denoted cystic
wall. Internally there are two or four nuclei, flagellar axonemes,
ribosomes and fragments of the ventral disk.

During the life cycle, the trophozoites adhering to the mucosa

of the small intestine multiply by binary division and go through
an encystation process. The cysts are excreted together with the
feces of the host and may remain viable for several months in the
environment. The cyst is the infecting form, which, after being
ingested by the host, undergoes excystation in the duodenum and
releases two trophozoites which divide by binary division, causing
anew infection. Transmission occurs by fecal-oral contamination,
with the host becoming infected by ingesting contaminated water
and food, or from person to person through contaminated hands
or through homosexual relations.

Giardia and giardiasis have been extensively studied over the
last 15 years but fundamental questions continue to be unanswered
despite all efforts. The taxonomy of Giardia is still controversial
and species determination has been performed considering the host
of origin and some morphological characteristics. Apparently, the
host of origin is not a valid criterion since DNA analysis shows
that Giardia species from different hosts are identical, whereas
isolates from the same host may be markedly different®. On the
other hand, many investigators consider the morphology of the
median bodies to be the only feature that can be used as a
differential criteria'®. Thus, the genus Giardia can be divided
into three species: Giardia duodenalis which infects mammals,
birds and reptiles; Giardia muris which infects rodents, birds and
reptiles; Giardia agilis which infects amphibians®. In addition to
these three species, two others detected in birds in electron
microscopy studies have been proposed, i.e., Giardia psittaci®® and
Giardia ardeae®, respectively detected in parrots and in blue
herons. Giardia lamblia and Giardia intestinalis are used as
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synonyms of G. duodenalis, especially for Giardia isolates of
human origin. According to the norms of zoologic nomenclature,
the species G. duodenalis is correct and the use of G. lamblia and
G. intestinalis only contributes to increasing the confusion in the
scientific literature'”. Therefore, in this review, we will use G.
duodenalis for all human isolates.

The development of axenic culture of Giardia, i.e., the
establishment and growth of the parasite in culture media free from
other organisms, has facilitated the study of the biology of the
parasite*®. Improved results with the axenic culture of the parasite
were obtained after the development of a culture medium
supplemented with bovine bile and cysteine® and of techniques for
in vitro excystation permitting the isolation, large-scale production
and maintenance of the protozoa in the laboratory' 146578108 Most
axenic isolates belong to the G. duodenalis group and are of human
origin'® . A report of axenic culture of G. muris* is questionable
since this species appears to be refractory to axenization'?’.

Giardiasis presents a cosmopolitan distribution, with 10 to 15%
of the world population, on average, being infected. High
prevalences ranging from 20 to 60% are commonly observed among
children®#48287 especially those living in institutions!s: 2648 67.103

The parasite can cause diarrhea associated with problems of
malabsorption especially among children, leading to delayed
growth and development. However, most infections are
asymptomatic. This clinical variability has been attributed to
factors related to the parasite (mechanical, proteolytic,
immunologic), to the host (diet, intestinal motility, nutritional
and immunologic status) and to host-parasite interactions
(immune response and association with the intestinal microflora).
The specific pathogenic mechanisms of Giardia, the factors
responsible for the conversion of an asymptomatic infection to a
symptomatic one and their impact on the host-parasite relationship
still need investigation. In this review we shall present the most
important studies on the characterization of G. duodenalis strains
in which isoenzyme and protein patterns, protease activity and
the antigenic and DNA characteristics of different isolates were
investigated using biochemical, immunochemical and molecular
techniques. These studies were conducted in order to expand the
knowledge of this parasite and to detect differences between
strains that might be associated with aspects of the host-parasite
relationship and with the heterogeneity of clinical manifestations,
immune response and effective treatment of human giardiasis.

ELECTROPHORETIC ANALYSIS OF PROTEINS

Most studies of giardiasis have used sodium duodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE) for the analysis of
the pattern of proteins present in various types of Giardia strain
preparations. The knowledge of the composition and complexity of
these strains might demonstrate characteristics that explain the
variability in behavior in terms of virulence, infectivity, antigenicity,
and drug resistance. In addition, analysis of the protein pattern
represents a preliminary step in the characterization of proteins
recognized by the immune system of the host.
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The electrophoretic patterns of trophozoites kept in axenic
cultures have been mainly obtained by fractionation of the total,
cytoskeleton and plasma membrane proteins.

1. Total proteins

The first study for the characterization of axenic strains of G.
duodenalis concerned the electrophoretic pattern of total proteins
of trophozoites from four isolates obtained from symptomatic
human patients originating from different geographic areas: WB
(Afghanistan), Portland 1 (United States), RS (Ecuador), and LT
(Puerto Rico). The results showed a high complexity in the
composition of total proteins and a marked similarity of the
electrophoretic patterns for the strains under study'"’.

Other studies later confirmed the similarity between G.
duodenalis strains from the same location and even between strains
obtained from hosts of different species!”!13,

In contrast, ISAAC-RENTON et al. detected differences in the
protein band patterns, demonstrating heterogeneity between human
and animal strains, as well as between strains from hosts belonging
to the same geographic area™.

In general, the electrophoretic patterns reported are complex,
with the detection of multiple protein bands with molecular weights
ranging from 10 to 140 kDa'"” or from 11 to 122 kDa'’.

2. Cytoskeleton proteins

The proteins associated with the cytoskeleton, together with
plasma membrane proteins, play an important role in the antigenicity
of human Giardia .

The cytoskeleton of Giardia consists of four systems of
organelles composed of microtubules namely i) the ventral disk
(adhesive disk), ii) the basal bodies, axonemes and flagella, iii)
the median bodies and iv) the fibrils associated with the axonemes.
The cytoskeleton of the adhesive disk is composed of adjacent
microtubules adhering to the ventral surface of the plasma
membrane through short filamentous processes®®!**120_ Structures
named microribbons partially surround each microtubule and
project dorsally into the cytoplasm, being connected by fine
filaments. These microribbons confer a striated aspect on the
adhesive disk.

2.1. Proteins of the adhesive disk

A higher protein concentration is found in the ventral disk,
with tubulin and giardin being the major components of the
cytoskeleton®.

Advances have been made in the biochemical characterization
of proteins associated with the adhesive disk, especially after the
development of procedures employing detergents for disk
isolation®” and for dissociation of the subunits of the cytoskeletal
proteins® .
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Tubulin is the most abundant protein in the cytoskeleton of
Giardia, representing the major component of microtubules. It is a
dimer consisting of two subunits, o and B, which can be expressed
in multiple forms. Five different forms of tubulin have been
demonstrated in the cytoskeleton of Giardia® .

HOLBERTON & WARD submitted adhesive disks obtained
by extraction with Triton X-100 to SDS-PAGE and detected two
close bands of 51 and 56 kDa corresponding to the protein tubulin®”.
A smaller protein of 30 kDa was later demonstrated and called
giardin®.

Giardin corresponds to a group of specific proteins detected
only in the adhesive disk of Giardia, with a molecular weight
ranging from 29 to 38 kDa’**1%2 The protein is found in the
microribbons linked to the microtubules and corresponds to 20%
of the proteins of the cytoskeleton. More than 13 different giardins
have been identified thus far by two-dimensional electrophoresis,
and the genes of two classes, o (33.8 kDa) and B (29 kDa), have
been cloned and sequenced'®?.

The biochemical characterization of the cytoskeletal proteins
of Giardia has demonstrated that these proteins, present in different
protozoan species, represent important targets for chemotherapeutic
agents100102.15 Wit respect to Giardia, evidence has suggested
that the mechanism of action of benzimidazoles, drugs recently
used for the treatment of giardiasis, involves interaction with
tubulins and/or giardins of the cytoskeleton'*!””. Even though the
function of the adhesive disk of Giardia has not been fully clarified,
the microtubules and giardin, together with actin and myosin in
this structure, are essential for the integrity of the parasite. Despite
the presence of tubulin in the flagella of Giardia, flagellar activity
is little affected by benzimidazoles since these compounds have
greater affinity for tubulin and for the giardin of the adhesive disk,
whose injury can cause the detachment of the parasite from the
adhesion substrate'?”. Thus, agents that act directly on the
cytoskeletal proteins of Giardia, especially on the adhesive disk,
favor the development of efficient drugs for the treatment of the
infection.

3. Plasma membrane proteins

Proteins associated with the plasma membrane, or surface
proteins, of parasites are important both for the induction of the
protective immune response and for the activation of effective
immune mechanisms capable of destroying the parasites or of
inhibiting their multiplication.

More detailed studies on the biochemical composition of the
plasma membrane of Giardia have only recently been conducted.
Most studies have used the external labeling of trophozoites with
radioactive isotopes which permit the identification of the proteins
exposed on the surface after SDS-PAGE fractionation and gel
autoradiography.

Early studies using the external labeling of trophozoites of the
WB and Portland | strains with radioactive iodine have revealed an
intense electrophoretic band dispersed within the 94-225 kDa range®.

The electrophoretic patterns of the surface proteins of 19 isolates
were later studied and identical patterns were detected only for the
human strains WB, Isr (Israel), RS and LT , which presented a
proeminent band corresponding to the 170 kDa protein®.

More complex surface protein patterns were demonstrated in
trophozoites of the WB, P-1, LT and RS strains labeled with 1],
which presented eight bands with molecular weights of 180, 105,
82, 63, 55, 37, 30 and 24 kDa’**. Among the various proteins
identified thus far on the membrane of radioisotope-labeled
trophozoites, the protein of 82 kDa has proved to be the most
dominant®**!.

Significant advances in the study of surface proteins became
possible after the standardization of techniques for the separation of
the plasma membrane from the cytoplasm either by osmotic shock
or by the formation of outer membranous vesicles induced at low
detergent concentrations®.

SDS-PAGE analysis of the composition of plasma membrane
fractions obtained from G. duodenalis trophozoites by this new
methodology revealed an intense 75 kDa band, a double band of 58-
54 kDa, five bands between 38 and 30 kDa, a 22 kDa band, and a
region of diffuse bands in the 20-15 kDa range®. Of these proteins,
only those corresponding to the bands of 75, 58-54 and 22 kDa were
detected after autoradiography of '»I-labeled material. The major
protein identified in the isolated membranes was that of 75 kDa,
which probably corresponds to the protein of 82 kDa detected in
previous studies®?!. The proteins of 58-54 kDa had a molecular
weight similar to that of tubulin and probably correspond to a form
of this protein on the membrane'*'>.

ANTIGENIC ANALYSIS

Most human infections induced by Giardia are asymptomatic
but in some situations they may be associated with symptoms
including acute or persistent diarrhea, abdominal pain, malabsorption
and flatulence. In general, the asymptomatic cases are spontaneously
cured within a few weeks. Persons sporadically exposed to the
parasite have a greater chance of developing the disease®®, while
persons frequently exposed to it are usually resistant!> 4460103,

Even though protective immunity has not been conclusively
demonstrated for human giardiasis, the development of an immune
response has been suggested by evidence such as: i) the self-limiting
nature of the infection; ii) the detection of specific anti-Giardia
antibodies in the serum of affected individuals; iii) the participation
of cytotoxic monocytes in the modulation of the immune response;
iv) the greater susceptibility of immunocompromised individuals to
the infection, especially among those with hypogammaglobulinemia;
v) the lower susceptibility of individuals from areas where the
infection is endemic compared to visitors; vi) chronic infection in
athymic animal models or animals treated with drugs that depress
the humoral response?’.

Anti-Giardia antibodies have been identified in the serum of
individuals from different regions in the world®”"'®!"* . Studies on
the specific immune response of human volunteers experimentally
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infected with Giardia demonstrated the presence of IgM, IgG and
IgA in 100, 70 and 60% of the patients, respectively’>. Among
asymptomatic adults, 14% presented serum anti-Giardia
antibodies!"®. IgG antibodies were demonstrated in more than 80%
of the patients with symptomatic giardiasis'® and the highest
antibody titers were obtained in endemic areas, probably due to
repeated exposure to the parasite''s.

In addition to the role of serum antibodies, the participation of
secretory IgA in local immunity has also been evaluated. In
experimental murine infection, anti-Giardia IgA was detected in
intestinal secretions, and a positive correlation between increased
levels of this antibody and the rate of parasite elimination in the
intestinal fluid was also observed®. Anti-Giardia IgA antibodies
have been suggested to reduce the ability of trophozoites to adhere
to the surface of intestinal epithelial cells®.

The increased frequency of giardiasis in individuals with altered
humoral immunity, especially with IgA and IgG insufficiency,
suggests that these immunoglobulins participate in the elimination
of Giardia® .

The participation of cell immune mechanisms in giardiasis has
also been recently considered, although the response has been more
extensively studied in murine than in human giardiasis. The
following observations made in experiments using animal models
suggest the participation of T-dependent mechanisms: i) among
experimentally infected athymic mice, only the animals capable of
developing a lymphoproliferative response progress to a cure*®; ii)
an increased helper-suppressor T cell ratio was observed in the
lamina propria of the jejunum of mice during the phase of
convalescence from the infection'®; iii) in man, there was an in
vitro lymphoproliferative response of mononuclear cells and
production of IL-2 by T CD4+ lymphocytes stimulated with G.
duodenalis antigen*’.

The development of an immune response for the control of
Giardia infection may be associated with the recognition of certain
antigenic components of the parasite™. A better understanding of
the antigenic structure of this parasite may not only facilitate the
analysis of the mechanisms of the immune response in the infection,
but also open new perspectives for the immunologic diagnosis of
giardiasis and reveal antigenic differences between parasite strains.
These studies may determine whether the antigenic composition
of a strain is related to its pathogenicity since evidence obtained
from studies on animal models suggest that antigenically distinct
organisms can induce different forms of the disease'?".

Marked advances have been made in these studies only after the
development of axenic Giardia culture which permitted obtaining
adequate amounts of pure parasites with no contamination with other
organisms such as bacteria and fungi. Furthermore, the development
and standardization of sensitive immunochemical techniques have
stimulated the investigation of Giardia proteins which are recognized
by the antibodies of the host, and of the extent of antigenic
heterogeneity among different parasite strains in different parts of
the world.

Considerable diversity in the antigenic composition of axenic
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Giardia strains has been detected in some studies®®*''S, while others
have suggested that different strains can be antigenically similar'™!'%,
The antigenic similarity between human and animal strains represents
strong evidence of the possibility of transmission of giardiasis
between different host species'.

Many antigens have been identified among trophozoite proteins
since this is the parasite form found in the small intestine of the
host, against which the immune response will be produced (Table
1). Important antigens have been detected in Giardia trophozoites
mainly by immunoblotting, radioactive labeling with '>I and
immunoprecipitation techniques'”303!:39.61.70.124,128,136.137

Most Giardia antigens have been identified in reactions using
polyclonal or monospecific antisera!730:3170888%.136 " gpecific
monoclonal antibodies against surface proteins®*' and also against
cytoskeletal proteins'® have been produced in order to improve and
facilitate the identification and characterization of the target antigens
present in the trophozoites.

The dominant antigen detected in infected patients is a surface
protein with a molecular weight of 30-34 kDa®"'?*. Sera from
patients with giardiasis acquired in North America, Asia, Africa or
Europe strongly react with this protein, which, therefore, can
represent an important epidemiological marker'?. Other antigens
commonly recognized in human infection are proteins of 82, 56,
28 and 27 kDa3*!> (Table 1).

Since plasma membrane proteins interact first with the immune
system of the host, great importance has been attributed to the
identification of the major surface antigens present in trophozoites.
Early studies have demonstrated the existence of antigen components
on the surface which are eliminated in large amounts into the culture
medium as excretion-secretion products. These antigens correspond
to proteins of 94-225 kDa®*. Later study involving 19 axenic strains,
including the standard strains WB and Portland 1, demonstrated
marked antigenic differences related to this surface protein®.

Other surface antigens have been identified such as the proteins
of 82 kDa?' and 88 kDa*, which seem to correspond to the same
protein. Specific monoclonal antibodies for the 82 kDa protein
react with the membrane of the trophozoites, confirming the
membrane localization of the antigen®'. This component has been
previously identified in different strains, and represents an
important immunogen in Giardia infections. An 80 kDa protein
similar to the protein described in G. lamblia infection was
identified as the major surface antigen recognized by antibodies of
mice infected with G. muris™.

Other antigenic components present in Giardia trophozoites have
been detected, with a predominance of the 62, 52, 38 and 31 kDa
proteins'™¥!% The surface protein of 31-32 kDa has been identified
as an antigenic determinant in different human and animal isolates,
and also is the major antigen recognized in natural human
infection'”'?*, This 32 kDa protein is present on the plasma membrane
and adhesive disk and its amino acid sequence is identical to that of
o-1-giardin, which is one of the proteins present on the ventral disk'”’.
Another important surface antigen component is the 170 kDa protein,
12% of whose content corresponds to cysteine?.
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TABLE 1
Giardia duodenalis antigens (modified from DEN HOLLANDER et al., 1988) 7.
Molecular weight Localization Antigenicity Proprieties
(kDa) established in/by
30 Surface Rabbits/Immunoppt NR
31 Surface Humans/Immunoblt NR
52 Surface Rabbits/Immunoblt NR
82 Surface Rabbits/Immunoblt Glycoprotein
/Immunoppt
88 Surface Mice/Immunoppt NR
88 Surface Humans/Immunoppt NR
170 Surface/E-S Mice/IF Cytotoxic
94-225 Surface/E-S Rabbits/Immunoppt Glycoprotein
32 Internal Rabbits/Immunoppt Flagella
53-55 Internal Mice/Immunoblt-IF Tubulin
65 Internal Mice/Immunoblt Glycoprotein
170 Internal Mice/Immunoblt-IF NR
21 Cyst Rabbits/Immunoblt In vivo/in vitro
28 Cyst Rabbits/Immunoblt In vivo/in vitro
36 Cyst Rabbits/Immunoblt In vitro
49 Cyst Rabbits/Immunoblt In vivo
65 Cyst Rabbits/Immunoblt In vivo

IF — Immunofluorescence; Immunoblt- Immunobloting; Immunoppt- Immunoprecipitation;

NR- Not reported; E-S (excretory-secretory)

Subcellular fractionation of trophozoites and the consequent
production of cytoskeletal fractions became possible the recognition
of tubulin-like molecules and the low molecular weight (29-38 kDa)
proteins present on the adhesive disk and called giardins®. Specific
monoclonal antibodies for cytoskeletal proteins present in the
trophozoite body and flagella recognized two antigens, of 170 and
155 kDa, in four strains from distinct geographic regions (USA,
Afghanistan, Puerto Rico and Ecuador). The absence of reactivity
of these antibodies in immunofluorescence with live trophozoites
suggests that these antigenic determinants are not localized on the
parasite’s surface. In addition to these antigens, other polypeptides
of 55 and 53 kDa were recognized by monoclonal antibodies specific
for the flagellum and adhesive disk. These components seem tubulin
since they present a migration pattern similar to that of bovine brain
tubulin and their respective monoclonal antibodies can react with
this protein by immunoblotting'®.

Relevant antigens present in trophozoites have been studied not
only in terms of their localization but also with respect to their nature

and properties (Table 1). Many Giardia antigens are glycoproteins
that may be found on the surface as part of the cytoskeleton or in the
internal structures of the microorganism. In addition to functioning
as antigens, glycoproteins are important receptors in the interactions
of protozoa with host cells, and also important components involved
in the life cycle of the parasites.

With the use of lectins such as wheat germ agglutinin (WGA), it
has been possible to determine the glycoprotein nature of different
antigenic components of Giardia®*'%.

A 49 kDa glycoprotein (gp 49) was demonstrated by Western
blot on the surface of trophozoites of strains from different
geographic areas®. There is evidence that the 28-30 kDa surface
glycoprotein participates in the mechanism of trophozoite adhesion
to the mucosa of the small intestine, in association with the adhesive
disk*. A 65 kDa protein of G. duodenalis trophozoites has been
classified as a glycoprotein since it can bind to the RCA T lectin
(castor bean agglutinin), and this binding is inhibited by
galactose''. There is strong evidence that the 82 kDa surface
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protein is also a glycoprotein since its electrophoretic mobility is
altered by treatment with periodate, indicating the presence of
carbohydrate residues®.

Some surface proteins have a high cysteine content and are
known as cysteine-rich proteins. One of these antigens is the 170
kDa protein present on the plasma membrane of some strains and
recognized by monoclonal antibodies that are specific and
cytotoxic for trophozoites®’. It is possible that this cytotoxic
activity is responsible for the lysis of trophozoites present in the
small intestine®.

Most studies have approached the antigenic characterization
of trophozoites of Giardia strains. Studies conducted in order to
characterize the cysts have expanded our knowledge of the
antigenic composition of the parasite and have permitted the
identification of specific antigens for the immunologic diagnosis
of giardiasis. Specific antigens present in the cysts such as proteins
with a molecular weight in the 66-103 kDa range are recognized
by antibodies produced in rabbits*>'%> . The 65 kDa glycoprotein
(GSA 65) has been considered to be an antigen shared by cysts
and trophozoites of G. duodenalis. Furthermore, GSA 65
specifically occurs in Giardia and is the major antigen present
in the feces of individuals with giardiasis. The antigen has been
employed in the immunodiagnosis of giardiasis and has permitted
the development of a commercial ELISA kit for the detection of
GSA 65 in the feces of infected individuals'".

Despite these advances, there still is a need for comparative
studies standardized in different laboratories in which standard
strains may be analyzed together with test strains, in order to clarify
the relationship of the differences existing among strains and of
the immune response of the host with the pathogenicity of
giardiasis.

1. Antigenic variation

There is evidence of the occurrence of the phenomenon of antigen
variation in surface proteins in giardiasis. Several studies have
demonstrated the occurrence of antigenic variation in Giardia in
vitro*®?% and in human® and experimental***’ infections.

The in vitro use of a cytotoxic monoclonal antibody against
trophozoites from G. duodenalis isolates, which express the 170
kDa surface protein, demonstrated that a single trophozoite can give
origin to organisms with different surface antigens"*> . When cloned
trophozoites of the reference strain WB were exposed to this antibody,
most of the organisms were destroyed. Analysis of the surface
proteins of surviving trophozoites showed the appearance of a new
antigen which was no longer recognized by the monoclonal antibody.
Some of the clones analyzed presented the 64 kDa protein replacing
the 170 kDa protein™®.

Antigenic variation was demonstrated in vivo using mouse*’
and gerbil* models. Gerbils were inoculated with the WB strain
and the surface antigens of the trophozoites obtained from the

intestine of the animals were studied during the course of infection®. -

The replacement of the original 170 kDa antigen present on the
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surface of the cloned trophozoites with a new 92 kDa antigen was
demonstrated on the 7" day of infection.

Antigenic variation was also demonstrated during the course
of human infection when volunteers were inoculated with G.
duodenalis trophozoites. The changes in the surface antigens were
studied in cultures of trophozoites directly obtained from the small
intestine. The 72 kDa and 200 kDa surface antigens were replaced
with a new group of proteins between the 14 and 22" day of
infection®.

In human infection, antibodies against variant antigens can be
detected on the 14™ day of infection, with the humoral immune
response possibly participating in the selection of these antigens. A
different behavior is observed in gerbils, in which the changes of
the antigens are visible between the 3™ and 7™ day, preceding the
period of antibody detection?’.

The proteins involved in antigenic variation are called variant-
specific surface proteins (VSPs) and, on the basis of their amino
acid sequences, they correspond to a single protein family. They
have different molecular weights ranging from 30 to 200 kDa and
are antigenically distinct”’.

Electron microscopy techniques using labeling by specific
monoclonal antibodies demonstrated that the variant proteins form
a cover over the trophozoite surface, including the flagella®. They
are not of a glycoprotein nature, but they have a high cysteine
content (11-12%).

Organisms that express cysteine-rich proteins may present
resistance to proteases. Thus, trypsin and chymotrypsin are
cytotoxic to Giardia trophozoites of the WB strain, which express
the 170 kDa protein. However, the organisms that survive the
action of these enzymes become resistant to these intestinal
proteases and express surface antigens differing from those of
the original strain. These observations suggest the possibility that
resistance to proteases may be associated with the persistence of
infection as a consequence of the selection of resistant surface
proteins?.

The biological significance of the antigenic variation of
Giardia is still speculative. This variation may possibly
contribute to the chronicity of infection, suggesting parasite
evasion of the host’s immune response. Certain proteolysis-
resistant surface antigens permit the parasite to better survive
in the intestine, a situation in which the process would be
associated with a biochemical rather than with an immunological
mechanism.

Furthermore, this process is believed to lead to increased diversity
of the Giardia population, permitting the action of other selection

processes®s.
PROTEASE ANALYSIS

Recent advances in the understanding of the biochemistry and
molecular biology of protozoa have permitted the study of molecules
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such as enzymes that directly participate in the parasite’s life cycle
or in the pathogenicity of the disease®®.

Proteases are enzymes that catalyze the hydrolysis of peptide
bonds in a protein and, by being specific for the substrate, offer
clues to their in vivo function. The activity of proteases obtained
from extracts of excretion-secretion products of protozoa may
be measured using synthetic proteins or peptides as substrates.
The substrate specificity shown by different proteases present
in cell lysates can be demonstrated by the separation of these
enzymes by electrophoresis and by the determination of their
activity in situ. The methods of SDS-PAGE copolymerized with
gelatin has permitted a comparison of the proteolytic activity
of different enzymes on gelatin as a substrate. These studies
have permitted detection of peptides that can be hydrolyzed by
each enzyme®.

Many protease inhibitors have been identified, and synthetic
inhibitors represent important tools that permit the classification of
these enzymes into four major groups: i) serine proteases, ii) cysteine
proteases or thiol-proteases, iii) metalloproteases, and iv) aspartyl
proteases’.

In a review of several studies on the proteases of microorganisms,”
the functions for the proteases of parasites were reported as follows:
i) to facilitate the invasion of host tissues, ii) to permit the parasites to
digest specific host proteins that are important for its metabolism, iii)
to help the parasite to escape the immune response of the host, iv) to
participate in processes of parasite multiplication and differentiation
and v) to degrade cytoskeletal proteins during the invasion or rupture
of host cells”.

Many important parasite species such as Entamoeba histolytica,
T. cruzi, Leishmania sp, Trichomonas vaginalis and Plasmodium sp
are actively proteolytic and contain multiple proteases that directly
participate in the life cycle, morphogenesis and infectivity of these
protozoa”.

With respect to Giardia, despite evidence that proteolysis is
involved in its nutrition, development and pathogenicity, relatively
little is known.

Early investigations demonstrated the cytochemical localization
of acid phosphatase in vacuoles of G. duodenalis trophozoites
functionally similar to lysosomes®“’. Starting from these
observations, several hydrolases, including those with proteolytic
activity, were demonstrated in extracts of axenically cultured
trophozoites™ .

Initially, the intracellular activity of proteases in Giardia
trophozoites was attributed to two major proteases corresponding to
105 and 40 kDa bands detected by SDS-PAGE using gelatin as a
substrate’®?

More recent investigations, however, have demonstrated multiple
proteases in G. duodenalis trophozoites, and not simply two
enzymes''>'%, Eighteen proteases with molecular weights ranging
from 30 to 211 kDa have been detected thus far in trophozoite

lysates'®.

Most studies have investigated protease activities in trophozoites
of the standard strains Portland 1 and WB , whereas few studies
have been conducted on the protease activity of trophozoites of other
axenic strains, especially comparing strains obtained from individuals
with asymptomatic giardiasis to strains obtained from symptomatic
individuals.

ALVARADO et al.?, using SDS-PAGE copolymerized with
gelatin, studied protease activity in trophozoites of 10 axenic strains
of G. duodenalis, six of which were isolated from asymptomatic
carriers, two from patients with symptomatic giardiasis and the
reference strains P-1 and WB. Proteolytic activity was
demonstrated in all strains in which 10-15 hydrolysis bands with
molecular weight ranging from 185 to 16 kDa were detected. The
pattern of protease activity on the gel was similar in almost all
strains despite the small difference associated with high molecular
weight proteases detected in one strain isolated from a patient with
symptomatic giardiasis.

Several studies have confirmed that the proteolytic activity of
Giardia trophozoite lysates is predominantly due to cysteine
proteases®7+1%:.11213 For the characterization of these proteases, the
effects of inhibitors, reducing substances and pH variation on
proteolytic activity were mainly evaluated. With respect to the effects
of inhibitors, inhibition of protease activity was observed when the
trophozoite lysates were treated with specific cysteine proteinase
inhibitors such as iodoacetamide, E-64 and leupeptin®!%-1213%,
Treatment with TPCK (N-tosyl-L-phenylalanine chloromethyl
ketone) and TLCK (N o.-p-tosyl-L-lysine chloromethyl ketone) which
act on cysteine proteases and serine proteases also inhibited the
proteolytic activity of G. duodenalis®™'®. Specific inhibitors of serine
proteases such as phenylmethylsulfonyl fluoride (PMSF) and 4,4-
dichloroisocoumarin (DCI), and of aspartoproteases (pepstatin A)
and metalloproteases (EDTA) did not modify the protease activity
of Giardia®'*. Although most studies demonstrated that the
proteolytic activity of Giardia trophozoites is mainly associated with
cysteine proteases, some evidences have suggested the presence of
some serine proteases and aspartoproteases'.

The marked presence of cysteine proteases in G. duodenalis is
confirmed if we consider that the ideal pH for the activity of the
proteases of this protozoa is in the 3.5-7 range and that this activity
is increased by dithiothreitol (DDT), a reducing substance that
protects cysteine proteases against oxidation, and consequently
increases their activity 100112138,

Speculations have been presented about the possible functions
of these enzymes. One of them seems to be related to the life cycle
of the parasite since the possible participation of cysteine proteases
in the process of Giardia cyst differentiation to trophozoites
(excystation) and from trophozoites to cysts (encystation) has been
postulated.

Cysteine is an important amino acid in the biology of Giardia,
as suggested by the following data: i) cysteine requirement for in
vitro growth®, ii) expression of thiol groups on the surface of the
trophozoite!!, and iii) dominant surface antigens correspond to
cysteine-rich proteins®. On this basis, cysteine proteases are
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considered to participate in the metabolism and physiology of this
parasite.

Although there still is no concrete evidence that trophozoites
secrete proteases into the extracellular medium, the possibility
has been proposed that, under certain conditions, these enzymes
may be released into the extracellular medium, acting as a
virulence factor and participating in the pathogenesis of
giardiasis'™ . Some data suggest that G. duodenalis can produce
cytopathic effects on cell culture?’. Among the proteases present
in trophozoites, the 40 kDa cysteine protease can cleave
hemoglobin and immunoglobulin (IgA ). This observation
suggests that this protease permits the parasite to evade the
immune response in the host’s intestine by its ability to degrade
immunoglobulins and to produce nonfunctional antibody
fragments'®,

Despite all of these observations, it has not yet been possible
to confirm the real participation of proteases in the pathogenesis
of giardiasis. Thus, the characterization of Giardia proteases still
requires more detailed investigations mainly involving the
purification of these enzymes since many investigators have
proposed that these proteases may represent a potential target of
chemotherapeutic agents”.

ISOENZYME PATTERN

[soenzymes are distinct molecular forms of the same enzyme
produced by different isolates of the same species. The various
proteins that form a group of isoenzymes have similar, but not
necessarily identical, enzymatic properties. For example, they can
catalyze the same reaction but differ in terms of kinetics®'.

Isoenzyme analysis has been an important biochemical tool
employed in taxonomic studies of protozoa that parasitize man such
as T. cruzi and Leishmania sp. This same technique has also been
used for the characterization of pathogenic and non-pathogenic
human strains of E. histolytica™. Furthermore, many studies of
genetic variation in parasitic protozoa have employed isoenzyme
electrophoresis, since the patterns obtained provide a large number
of genetic markers.

The occurrence of isoenzymes has been demonstrated in different
Giardia isolates and their importance for taxonomic studies and for

the characterization of human and animal strains has been
Shoan,l(),lI,IX,68,79,XZ,I23.

At least 26 isoenzyme systems have been used thus far for
the characterization of Giardia isolates from the electrophoretic
patterns of enzymes or zymodemes which seem to be a stable
feature of the parasites. No differences in enzyme activity patterns
were demonstrated when recently axenized isolates were
compared with parasites maintained in vitro for three to six
months™ or even with parasites cryopreserved twice over a period
of one year'.

Several studies on Giardia have tried to demonstrate differences
between the zymodemes of human and animal isolates' 31133, The
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extent of variation among isolates differs according to geographic
areall,79,104,123

Considering this aspect, MELONI et al.*! compared 39 Giardia
isolates obtained from humans, cats, sheep and cattle from two
different endemic areas, i.e., Australia and Switzerland. The results
demonstrated a significant relationship between human and animal
isolates in the two geographic areas. The establishment of a
relationship between human isolates and isolates from other
mammals in the same geographic area may be of important
epidemiological significance, strongly indicating the possibility of
cross-transmission between different hosts and consequently
suggesting that giardiasis may be considered a zoonosis®'.

In addition to detecting heterogeneity between different human
strains of the parasite, analysis of isoenzyme patterns can also be
used in an attempt to find a relationship between the degree of
heterogeneity and the clinical course of infection. An association
of Giardia zymodemes with the absence of symptoms has not yet
been reported in humans since most studies only compared isolates
obtained from symptomatic cases. However, CEDILLO-RIVERA
et al.'%, in a study of five strains from patients with symptomatic
giardiasis and 14 strains from asymptomatic cases involving 10
isoenzyme systems, demonstrated great homogeneity between
isolates and no marked difference between zymodemes that might
be associated with the clinical form of infection.

DNA ANALYSYS

The application of DNA analysis methods has permitted the
genetic characterization of different human parasites, including
Giardia.

Heterogeneity among Giardia strains has been demonstrated by
biochemical techniques, including analysis of isoenzyme patterns,
protein electrophoresis and antigen analysis. Although no clear
correlation has been shown between phenotypic variation and clinical
presentation in giardiasis, genetic-molecular characterization can
provide additional information for the study of pathogeny and
epidemiology®. Large part of the phenotypic variability detected in
Giardia is associated with genetic heterogeneity between strains,
including those obtained from different hosts'®.

Giardia is a binucleate protozoon and it is not yet clear whether
these nuclei are morphologically and functionally identical. Some
investigators have suggested that the nuclei are equivalent and that
each one of them is haploid® . However, analyses of DNA content
and of genome and karyotype conducted in different laboratories
have presented conflicting results.

Studies on the characterization of Giardia DNA have been
mainly based on karyotype analysis>'®6*130131 and on analysis of
the fragments obtained with restriction enzymes®*13!,

Karyotype analysis has been frequently employed by several
investigators, with discrepant results. Electrophoresis of intact
Giardia chromosomes in a pulsatile field detected at least five or
six distinct groups (bands) of chromosomes*!®!, The reported



GUIMARAES, S.; SOGAYAR, M.L.L. & FRANCO, M.F. de - Giardia duodenalis: inter-strain variability of proteins, antigens, proteases, isoenzymes and nucleic acids.

Rev. Inst. Med. trop. S. Paulo, 41 (1): 45-58, 1999.

size of these chromosomes ranged from approximately 1 x 10°to
4 x 10° base pairs (bp)>. More recently, the genome of Giardia
was separated into at least nine chromosome groups®.

More recently, comparative studies between human and animal
strains isolated from the same geographic region reported marked
similarity between karyotypes®'¢30131 In addition, DNA analysis
of human strains isolated from symptomatic and asymptomatic
cases demonstrated marked differences in number, size and
intensity of chromosome bands, thus permitting a clear
differentiation of the karyotypes of each strain®. These findings
have been discussed in the light of the frequent occurrence of
chromosome rearrangements during the culture and cloning of
Giardia and of the possibility of mutation as a consequence of
this phenomenon™.

Studies on the genetic variation of Giardia using the analysis
of DNA fragments obtained after digestion with restriction
endonucleases have demonstrated a marked diversity between
parasite strains. The first analysis of DNA fragments from Giardia
compared 12 strains isolated from human cases and three from
animals and demonstrated that only four human strains and two
animal strains presented identical DNA band patterns®. Later, the
analysis of 47 strains (40 from humans and 7 from cats)
distinguished 7 patterns of DNA bands®. There is no distinct pattern
of DNA bands from strains isolated from humans or animals. The
genetic differences between human strains isolated from different
patients are often greater than the differences observed between
species from different hosts. Thus, the absence of correlation
between genetic variation and host can be evidence of cross
transmission between man and animals®.

In order to expand the possibility of detecting genetic
heterogeneity among Giardia strains, some studies have associated
DNA analysis with isoenzyme analysis. Despite the differences in
the amount of genetic variation detected with each of these methods,
both of them assign the strains with identical band patterns to closely
similar groups. The correlation between these techniques has
suggested that these strain groups may represent natural clones of
genetically identical organisms, or even a complex of similar
species™.

The heterogeneity detected among Giardia strains on the basis
of DNA analysis has confirmed evidence obtained in clinical,
biological and biochemical studies which demonstrated a broad
spectrum of genetic variation of the parasite. Furthermore, it should
be emphasized that the occurrence of genetic variation in Giardia
is of great value for i) the clarification of taxonomy, ii) the
identification of markers associated with infectivity, virulence and
drug resistance, and iii) a better understanding of the epidemiology,
especially with respect to the patterns of transmission in different
geographic areas.

FINAL CONSIDERATIONS

Giardiasis is currently considered to be an important public health
problem in developing countries, where it is one of the most common

causes of diarrhea among children. As a consequence of this infection,
children often present problems of malnutrition and development'”.

In these countries, the incidence of giardiasis is generally four
times higher than in developed countries. Furthermore, the infection
is inversely correlated with socioeconomic conditions, being high
where hygiene standards are precarious'’.

In Brazil, the prevalence of human infection with Giardia ranges
from 4 to 30% and is endemic in many regions. In general, these
rates have been determined from epidemiologic surveys mainly
conducted on specific population groups such as children at day-
care centers and schoolchildren.

In general, information about the host-parasite relationship
accumulated over the years has been mainly obtained from
investigations carried out in countries where giardiasis is not
endemic.

In view of the importance of Giardia, approximately 25 years
ago the Department of Parasitology of the Biosciences Institute,
UNESP, Botucatu, initiated the study of this parasite. Several
questions requiring additional in vitro studies arose after the early
investigations. The Laboratory then invested into the implantation
of axenic culture, which permitted the isolation of the first human
strains in our country. Among these autochthonous strains are isolates
obtained from individuals with asymptomatic giardiasis and from
symptomatic patients .

Considering that one of the questions most extensively
investigated concerns the factors responsible for the development
of symptomatic and asymptomatic infections, and the evidence that
a given Giardia strain may have a higher potential for disease
induction, it is important to conduct studies in an attempt to learn
more about the strains isolated and axenized in Brazil in terms of
their biochemical, antigenic, enzymatic, isoenzymatic, and molecular
characteristics.

RESUMO

Giardia duodenalis: variabilidade da composicio protéica e
antigénica, de proteases e isoenzimas, e de dcidos nucléicos
entre os isolados

Os isolados de Giardia duodenalis de individuos assintométicos,
de pacientes e de animais apresentam diferengas e semelhangas em
sua composicdo protéica, expressdo de antigenos, proteases e
isoenzimas, assim como na constitui¢do dos 4cidos nucléicos.

A presente revisdo analisa estas diferengas com énfase na
interagdo parasita e hospedeiro, e nos possiveis mecanismos de
viruléncia do protozodrio.
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