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ABSTRACT

Giardia intestinalis is a flagellate protozoan which infects the gastrointestinal tract
of humans and other mammals such as cats, dogs and farm animals. The organisms
involved have been assigned to a single species, which might be taken to suggest the
absence of host specificity, yet there is little epidemiological evidence to suggest that
human infections are derived from nonhuman sources. This suggests some degree of
host specificity which in turn implies the existance of different strains of Giardia
intestinalis. Consequently, two related questions of public health interest can be
raised: do animal strains of Giardia intestinalis infect humans and if not, how can
cysts of human and animal origin detected in water samples be distinguished? If all
or even some strains from animals fail to infect humans then it is probable that water
may often be unnecessarily condemned as unsuitable for human use. Conversely, if
animal strains infect humans then exclusion of animals from water catchment areas
would be desirable. To clarify this situation, it is cllesirable to be able to distinguish
individual strains of G. intestinalis and this thesis represents a preliminary attempt

to do so using the techniques of molecular genetics.

Initial experiments attempted to detect Restriction Fragment Length Polymorphisms
(RFLP’s) produced by digests of total genomic DNA using a range of restriction
endonucleases. The results were difficult to interpret because an excessive number
of bands were produced. However, some denser bands, probably representing
repetitive DNA sequences, were relatively well resolved and could allow comparisons
between strains to be made. This repetitive DNA is GC-rich and was separated from
most of the nonrepetitive genomic DNA by CsCl centrifugation in the presence of
Hoescht 33258 stain. Using this approach, GC-rich fractions of DNA from several
strains of G. intestinalis were compared using a variety of restriction endonucleases.
Most did not reveal differences but digestion with some restriction endonucleases
revealed minor differences. This demonstrated the potential usefulness of this
approach in distinguishing between strains of Giardia but the procedure was

laborious and required large amounts of DNA which could only be produced by the



iii
culturing of organisms in bulk. This is not yet possible in the case of many strains
of G. intestinalis, so it was concluded that an alternative approach using digests of
total genomic DNA followed by electrophoresis, Southern blotting and hybridisation
with specific DNA probes would represent both a better theoretical and practical
approach. A desirable preliminary step to facilitate this approach is the production
of a Giardia gene library and the latter part of this thesis describes this process.

The major problem encountered with the production of the library was that the DNA
produced by a range of extraction methods was sheared and was present only in low
concentration. This problem was traced to the presence of an excessive amount of
polysaccharide which appeared to be strongly associated with unsheared DNA and
hence caused it to be trapped at the interphase during phenol/chloroform extractions.
As only the supernatant was retained, the high molecular weight DNA was largely
lost during such extraction steps. This difficulty was overcome by precipitating the
DNA with isopropanol at an early stage in the extraction method. This reagent does
not precipitate the polysaccharides present in the cell lysate so that these are removed
with the supernatant. The precipitated DNA was redissolved and, following
conventional purification procedures, represented a high yield of unsheared DNA.
Using this DNA, a library was made using LambdaGEM-11 Xho Half-site arms™
(Promega). Experiments showed that the library is representative of the genome of
G. intestinalis and exceeded by 6-fold the number of clones required for a 99.9%

probability that any particular sequence of interest is present.

The availability of such a library should permit the selection of suitable clones for
use as probes to hybridise with total genomic digests to reveal differences between
strains of G. intestinalis. The ability to distinguish strains would allow investigations
of host specificity which may have implications for the formulation of testing
procedures designed to prevent human infections of G. intestinalis but avoiding the
unnecessary condemnation of water supplies containing Giardia strains that do not
infect humans. The development of strain-specific probes would also serve as a

useful epidemiological tool in tracing the source of infection within a community.



ACKNOWLEDGEMENTS

God has made a way where there seemed to be no way
He works in ways we cannot see

He has made a way for me

He is my guide, He holds me closely to His side

With love and strength for each new day

He has made a way. (Don Moen)

My first thanks goes to the One who always has faith in me - no matter what.

I would like to thank the Department of Microbiology and Genetics for the
use of facilities that have made this project possible. I would also like to
thank my supervisor Assoc. Prof. John Clarke for guidance and support and

for valuable help in the writing up of this thesis.

Thanks to Prof. Barry Scott and Yasuo Itoh of M.G.U. for help and
inspiration in the construction of the gene library and Dr. George Ionas for
help in the initial stages of this project. Thanks also to members of the
Giardia group (past and present) . Phil, M & M'’s, Mitch, Jody, Dan, Morg,
Kirsty and Erica for putting up with me, the Guess What?’s and sick jokes.
You guys made the lab a fun place to be in (and ABBA Kirsty!).

Special awards for keeping sanity go to my great friends Merie, Sheree, Paul,
Terence and Morgan - even if I destroyed yours. Awards for keeping humility
go to Treacle, Roach, Ron, Stingle, Smurf, Jackie, Mitch, Paul, Vicki, Gail,
Lo, Neroli and Garry, all the folk at C.C.C. (esp. the Worship Team) and

Diana.

To my greatest support team - Dad, Mum, Cath, Ed, Cherith, Alan, Logan,
Aaron, Nathan, Josiah, my grandparents, the Primes and all the other rellies -
I thank God for the privilege of having such a great family.



TABLE OF CONTENTS

Page
TITLE PRGE . ciivisisiiis i i s s e oo s s saxiiinss i
P00 Y ) T S e T ey G LU B e e ii
ACENOWLEDGEMENTS ...cissusmisssnscsmsssssesnssressssmssvsormsnes iv
TABLE OF CONTENTS ccisiscimnmsds e sssisssssssn A
LIST OF FIGURES .cwsimimeamrsmssmssomsasesssenemssomsxmmessssisiisss ix
I 8 A 1 L xii
CHAPTER I: Tntroduetion .....cusmuainimsmsuisasscaiimissaswonnss 1
CHAPTER 2: BHistorical REVIEW ....accnsinismessssmasissisiosssvasrss 4
2.1 The Blology Of GiiPHIE uucucisunsusnsisssasssmommisasisamsin 4
2.1.1 Historical Backpround ...cimmnnsmssaniinisemisams 4
2.1.2 Taxonomy and Nomenclature ........ccceererrrenssasnecnncsens 4
2.1.3 Life Cycle and MOrphOlOZY .....ccccccueeessurcnasuesasiesessuanens 5
214 (CONMIVHRION <oirvamnssiammsisissiassrasenstsnnsssasnimsensrsssrsonnssmmsssansn 8
2.2 CRBIBINRIS coviinsninisimsiarin e s B s R G NSRS HY 11
2.2.1 Pathogenesis and Clinical IlINEss .......cccovererurrernenenranne 11
2.2.2  TIVUIILY: ciiiviconsonimmnmississmsiscisnsasstsmnsiiososinmsssasy 12
2.23 Diagnosis and Trealment .eswsssissmaissssmnyes 13
28 EPHICIIOIORY - csmusciinismmis o s i s st 16
231  TroanSmisgion ...wsnssousmssssssssosssssamsssessosussransession 16
232 HOst SPECIBSIY vimimiimisisssdnnssasiises 19
2.4 Species Determination and Strain Variation .................cooooeeeeeee 21

241 Species Deleringlion ... wmsseemensamsmmmeommssssonssiog 21



242

Strain DiffereNtation .....ccccccveeeesnssssssssesnssrossesssssessssesses

CHAPTER 3: Optimization of the Conditions Required for

Large-Scale Harvesting of G. intestinalis

Trophozoltes .......cssceme

A IR GOACHONE . cicammmiimsnssamssssmmis kst e s T

3.2 Materials and MEthOAS .....veeeeeeveeeeeeeeesseessmsesessesesssssesessessssnssens

3.2.1
322
323
324

3.23
3.2.6

Retrieval of Frozen Trophozoite Cultures ..........cccc.cc.
Subculture of Giardia intestinalis Trophozoites .........
Treatment of Contaminated Cultures ........cccccccceveeaneene
Preparation and Harvesting of Large-Scale

TIOPRAEOIE COlMES - i s
Counting Trophozoite Population Numbers ................

Cryopreservation of Giardia trophozoites .........c.......

s L

CHAPTER 4:

---------------------------------------------------------------------------------------

Detection and Characterization of Restriction

Fragment Length Polymorphisms in the

G. intestinalis GeNOME .........oooeeeeeeeeeeeeeeeeeeeeeeeeemeeeeeennn

L T T R T

-----------------------------------

22

26

26

27

27

27

28

30

32

33

35

38

39

39

40

41

vi



423

4.24

4.2.5

4.2.6

4.2.7

4238

4.3 Results ...

Isolation and Removal of the GC-rich Fraction of

Removal of CsCl by Microdialysis .......cccererervrrerasenees
Determination of DNA Concentration and Purity .......

Restriction Enzyme Digestion of G. intestinalis

..........................................................................................

N PRSCURKION covisainsimi s s s s sws faiaves s o s i s o il

CHAPTER 5: Construction of a Gene Library from G. intestinalis

strain NP77 DNA ...t s e san e sesnnes

5.1 INtrOAUCHION ...eeueeeeeuraeceeeeseeeeassesenssseneses e sasesmnesssssesssessssns sensassansns
5.2 Materials and Methods ......cccoeerereeeceesrsiecsnesnsessssesessssasssesssssssnsssns
5.2.1 Preparation of High Yield Trophozoite Cultures ........

5.2.2 Extraction of High Molecular Weight DNA ...............

5. 228 J01aS (198) sucmimmimassasismssnnsscsssosmsisonsviseises

5.2.2b Nash et al (1985) ..cereeeeeeeeeeeeeneesnrecseeeeaes

5.2.2¢ Strangs (19N oviiisimmusivuannisissaiiisn

5.2.2d Sambrook et al (1989) ....ccceeeevererenrnrnserrenaenens

5.2.2e van Keulen (personal communication) .............

5.23 Examination of the State of the DNA ............ouu.e.e.

5.24

Determination of the DNA Concentration and Purity .
5.2.4a Spectrophotometric Method ........cccccceeeeciiccanene
5.2.4b Concentration Standards .........cccceereereerseecsnaccenns
9:2.4c Floarometric MEMOM ...cuscsicmncssomessssmnssasnses

45
45

46

48
49

50

61

68

68

69
69
69
69
71
73
74
76
19

79
79
80

vii



5.2.5 Establishing Conditions for Partial Digestion of
High Molecular Weight DNA ........ccooerrenireeneceeenns
5.2.6 Large-Scale Preparation of Partially Digested

5.2.7 Partial Fill-In Reaction for Genomic DNA .................
5.2.8 Ligation of Insert to Vector AIms .......cccceeeeeeeseecncnnees
5.29 Small-Scale Packaging of Ligated DNA .....................

5.2.9a Packaging of the Library .......cc.eeeeeivensnsensenne

5.2.9b Tatre Of the Library .c.oumuimssnianimssions
5.2.10 Large-Scale packaging of Ligated DNA ..........ccc......
3.2.11 Amplification of the Library .......iciisssssassssississ
5.2.12 Storage of the Library ......cccceececeevecceerenesseesensessenenens
5.2.13 Demonstration of the Representation of the

5.2.14 Deéwermination of InSert Size ......cusmnsissensissiie

..................................................................................

----------------------------------------------------------------------------------

..................................................................................

.................................................................................

82

87
89
91
93
96
96
98
99
101

101
107

109

116

121

127

132

viii



Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

Figure 8:

G. intestinalis

LIST OF FIGURES

trophozoites cultured in vitro ...........

G. intestinalis cysts from (a) human faeces

and (b) an i Vo CUlUIE .ussissaissinsssssiai

Comparison of the yield of G. intestinalis

strain Hast 11

trophozoites with and without

cooling of the culture to 0°C before harvest ...........

Bam HI digestion of total genomic DNA from ten

New Zealand isolates of G. intestinalis ...................

Representation of the results obtained when

total genomic DNA was centrifuged with CsCl

in the presence of Hoescht dye 33258 ....................

Bam HI digestion of total genomic DNA,

AT-rich DNA

G. intestinalis

and GC-rich fraction DNA from

SIS HASE 7O ccmaammmimsisimass

Bam HI digestion of the GC-rich fraction
of DNA from each of ten New Zealand isolates

OF G, IPLESIINANIS ..cvissississaissssniasssnsusrsvssvinsssiniasnvasssins

Sma I digestion of the GC-rich fraction of
DNA from each of ten New Zealand isolates of

G. intestinalis

............................................................

Page

37

52

53

54

55

55



Figure 9:

Figure 10:

Figure 11:

Figure 12:

Figure 13:

Figure 14:

Figure 15:

Figure 16:

Apa I digestion of the GC-rich fraction of DNA
from each of ten New Zealand isolates of

C DESTIREIIE o conisisvimiisinsiamimis o ook

Hinf I digestion of the GC-rich fraction of DNA
from each of ten New Zealand isolates of

G PRESIREHS i ssnimannsvimnsia iR

Bgl II digestion of the GC-rich fraction of DNA
from each of ten New Zealand isolates of

G IRRRSEIRBHS oiiinnivivnsanssisin e

Hae III digestion of the GC-rich fraction of DNA

from each of ten New Zealand isolates of

G DHERIMNAIES icicivivivcnimiimiiniamis s

Fok I digestion of the GC-rich fraction of DNA
from each of ten New Zealand isolates of

G, DESEINGLLS o as A seasee s sossrasa

Kpn I digestion of the GC-fraction of DNA
from each of ten New Zealand isolates of

G ETANE. iR

Tagq I digestion of the GC-rich fraction of DNA
from each of ten New Zealand isolates of

L MIINAHE o o s iR

Organisation of the G. intestinalis IRNA genes

as a 5.56 kb repeating unit showing the presence

of both constant and variable regions .........ccccecereaes

56

56

57

57

58

58

59

66



Figure 17:

Figure 18:

Figure 19:

Figure 20:

Figure 21:

The complete nucleotide sequence of the

G. intestinalis IRNA gene repeat ........ccvvevnevcrucruenee

Pilot-scale partial Sau 3A I digestion of
intact genomic DNA from G. intestinalis
L B T

Comparison of total genomic DNA extracted
from G.intestinalis trophozoites using the

methods of Ionas, Strauss and van Keulen ..............

Large-scale partial Sau 3A I digestion of
intact genomic DNA from G. intestinalis

Sain, R TT iaisnsmnmmsomsn i i e e seasis

Hind III digestion of 12 clones from the
G. intestinalis strain NP 77 gene library .................

67

86

110

111

114



LIST OF TABLES

Table 1: Optimization of the conditions required for
growth and harvest of G. intestinalis

HODHOZIIIES «.cummmssmmmivinas ook 36

Table 2: Observed and expected band size from
restriction enzyme digestion of the

G. intestinalis IRNA gene repeat

contained within the GC-rich fraction of DNA ....... 60
Table 3: Titre of the small-scale library .......ccccoceeeecrcecnnnnes 112
Table 4. Titre of the large-scale and amplified libraries ....... 113
Table 5: Average size of inserts present in the

PSR, B ORI cctnsasimminsn o s i R RS 115





