
Detection of Giardia cysts by cDNA
probe and application to water samples

Item Type Dissertation-Reproduction (electronic); text

Authors Abbaszadegan, Morteza,1955-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:18:17

Link to Item http://hdl.handle.net/10150/191163

http://hdl.handle.net/10150/191163


DETECTION OF GIARDIA CYSTS BY cDNA PROBE AND
APPLICATION TO WATER SAMPLES

By

Morteza Abbaszadegan

A Dissertation Submitted to the Faculty of the
COMMI1 IbE ON NUTRITIONAL SCIENCES (GRADUATE)

In Partial Fulfillment of the Requirement
For the Degree of

DOCTOR OF PHILOSOPHY
In the Graduate College

THE UNIVERSITY OF ARIZONA

1991



THE UNIVERSITY OF ARIZONA	 2
GRADUATE COLLEGE

As members of the Final Examination Committee, we certify that we have read

the dissertation prepared by  Morteza Abbaszadegan

entitled  DETECTION OF GIARIJA CYSTS BY cDNA PROBE AND

APPLICATION TO WATER SAMPLES

and recommend that it be accepted as fulfilling the dissertation requirement

for the Degree of Doctor of Philosophy  

,  3/26/1991
Charles P. Gerba Date 

William F. McCaughey

L.(:,t)-e__/-- 
Charles W. Weber	 Date

3/26/1991

3/26/1991

3/26/1991

3/26/1991

Date

_	 -t
Ian L. Pepper

R0-44
Robert J. janssen

Date

Date

Final approval and acceptance of this dissertation is contingent upon the
candidate's submission of the final copy of the dissertation to the Graduate
College.

I hereby certify that I have read this dissertation prepared under my
direction and recommend that it be accepted as fulfilling the dissertation
requirement.

3/26/1991 
Dissertation Director Charles P. Gerba	 Date



3

STATEMENT BY AUTHOR

This dissertation has been submitted in partial fulfillment of requirements for an
advanced degree at the University of Arizona and is deposited in the University
library to be made available to borrowers under rules of the library.

Brief quotations from this dissertation are allowable without special permission,
provided that accurate acknowledgment of source is made. Requests for permission
for extended quotation from or reproduction of this manuscript in whole or in part
may be granted by the head of the major department or the Dean of the Graduate
College when in his or her judgment the proposed use of the material is in the
interests of scholarship. In all other instances, however, permission must be obtained
from the author.

SIGNED:  



4

ACKNOWLEDGEMENTS

I thank Dr. Charles P. Gerba for his support and for always being available for
advice. He encouraged me to follow my own initiative.

I thank Michell L Sogin, National Jewish Center, Denver, Colo., for providing
the cDNA probe, and Stenley L Erlandsen, University of Minnesota, for providing
the Giardia trophozoites. I also thank Alan J. Howarth and Joseph G. Utermohlen,
University of Arizona, Tucson, for technical advice.



5

TABLE OF CONTENTS

LIST OF TABLES 	 9

LIST OF FIGURES 	 11

ABSTRACT 	 13

1. INTRODUCTION 	 15

Giardia Trophozoites 	 15

Giardia Cysts 	 16

Life Cycles 	 17

Pathogenesis 	 18

Transmission of Giardia 	19

Waterborne transmission 	 20

Outbreaks of waterborne giardiasis in the USA 	 22

Foodborne Transmission 	 27

Person-to-person Transmission 	 27

Wastewater Reuse in Arizona 	 30

Current Methods for Detection of Giardia in Water 	 32

Determination of Giardia cyst viability 	 33

Human Immune Response to Giardia Infection 	 34

Antibody Response 	 34

Cellular Immune Response 	 35



6

Gene-specific Technology 	 37

Respiration of Giardia Cysts 	 39

Heat Shock Genes in Giardia lamblia 	39

2. OBJECTIVES 	 41

3. MATERIALS AND METHODS 	 42

Protozoan Stocks 	 42

Liberation of Nucleic Acids from Giardia Cysts 	 43

Method 1: Enzyme digestion of Giardia cysts 	 43

Method 2: Baking 	 44

Method 3: Phenol-chloroform extraction 	 44

Method 4: Deionized formamide extraction 	 44

Method 5: French Press 	 44

Method 6: Glass beads method 	 45

Method 7: Freeze & thaw 	 45

Reaction of the Giardia-specific cDNA Probe with a Variety
of Microorganisms 	 46

Preparation of cDNA 	 46

Hybridization Procedure 	 49

Quality Control for Hybridization Assays of Environmental Samples 	 49

Autoradiography 	 50

Immunofluorescence Techniques for Detection of Giardia Cysts 	 50



7

Sample Collection 	 50

Filter Elution 	 51

Pellet Processing 	 51

Cyst Detection 	 52

Non-radioactive Labeling of the cDNA Probe 	 52

Chemiluminescence Method 	 53

Procedure for Chemiluminescent Detection of the cDNA 	 54

Visualizing Membrane-bound DNA Using AMPPD 	 54

Enzyme-linked Immunoassay Method 	 55

Immunological Detection of Membrane-bound cDNA 	 55

Enhanced Chemiluminescence Method 	 56

Procedure for Detection of the Hybridized Biotinylated cDNA
for Enhanced Chemiluminescence 	 57

4. RESULTS 	 56

Liberation of Nucleic Acids from Giardia cysts 	 58

Detection of Giardia Cysts in Environmental Samples 	 81

Non-radioactive Detection of cDNA and Giardia Cysts in Water 	 93

5. DISCUSSION 	 108

Liberation of Nucleic Acids from Giardia Cysts 	 108

Non-specific Binding of cDNA Probe 	 114



8

Gene-specific Probe and Immunofluorescence 	 115

Non-radioactive Labeling of the cDNA Probe 	 116

6. CONCLUSIONS 	 119

7. Appendix A 	 121

8. Appendix B 	 124

9. REFERENCES 	 126



9

LIST OF TABLES

1. Enzymztic digestion of Giardia cyst wall for hybridization assay 	 59

2. Lysis of Giardia cyst wall by different enzyme combinations 	 60

3. Effect of temperature on Giardia cyst cell wall digestion 	 61

4. Lysis of Giardia cyst wall by forrnamide and/or chloroform for
hybridization assay 	 63

5. Effect of glass bead diameter on the breaking of Giardia cyst wall for
hybridization assay 	 65

6. Effect of agitation time on glass bead breakage of Giardia cyst wall
for hybridization assay 	 66

7. Comparison of different treatments for the liberation of nucleic acids
from Giardia cysts for hybridization assay 	 68

8. Evaluation of specificity of the Giardia-specific cDNA probe with a
variety of different microorganisms 	 72

9. Reaction of the cDNA probe with nucleic acids from Giardia cysts 	 74

10. Reaction of the the Giardia-specific probe with different isolates of
trophozoites 	 76

11. Evaluation of diethyl pyrocarbonate (DEPE) as a RNase
for the detection of Giardia cysts with cDNA probe 	 78

12. Evaluation of preserving RNA from degradation in fecally
contaminated and non-contaminated sample by using poliovirus
RNA as a model 	 79

13. Detection of Giardia cysts in secondary sewage effluent by cDNA
hybridization and immunofluorescence 	 83



10

14. Detection of Giardia cysts in secondary sewage effluent by cDNA
hybridization and immunofluorescence (#2) 	 85

15. Detection of Giardia cysts in surface water by cDNA hybridization
and immunofluorescence 	 88

16. Detection of Giardia in water concentrates by immunofluorescence
microscopy and cDNA hybridization 	 92

17. Evaluation of ultraviolet crosslinking and baking for binding of
Giardia cDNA to membrane for 32P labeled probe 	 96

18. Evaluation of ultraviolet crosslinking and baking for binding of
Giardia cDNA to membranes for enzyme-linked immunoasssay method 	 99

19. Evaluation of ultraviolet crosslinking and baking for binding of
Giardia cDNA to membranes for chemilunainescence method 	 102

20. Evaluation of radioactive and non-radioactive labeled gene-specific
probe for detection of Giardia cDNA by hybridization assay 	  105

21. Evaluation of nylon transfer membranes for hybridization assay with
chemiluminescence method for detection of cDNA 	 107



11

LIST OF FIGURES

1. Print of Kpn I digest of the M13 vector (7.2 kb) with Giardia
segment (265 base pairs) on a 2% NuSieve agarose gel 	 48

2. Treatment of Giardia cysts and procedures of nucleic acids detection
by radiolabeled probe 	 71

3. Autoradiogram of dot-blot analysis of possible cross hybridization
of M13 Vector with Giardia target nucleic acids 	 75

4. Autoradiogram of dot-blot analysis of RNA degradation in fecally
contaminated and non-contaminated sample, by using poliovirus RNA
as a model 	 80

5. Flow diagram showing the two methods used for detection of Giardia
cysts in water 	 82

6. Autoradiogram of dot-blot hybridization assay for environmental
samples (sewage effluent) 	 87

7. Autoradiogxam of dot-blot hybridization assay for surface water
samples 	 90

8. Schematic showing non-radioactive DNA labeling and detection by
chemiluminescence method 	 94

9. Schematic showing non-radioactive DNA labeling and detection by
enzyme-linked immunoassay method 	 95

10. Autoradiogram of slot-blot of Giardia cDNA hybridized with the
Giardia-specific probe labeled with 32P. The three nylon
membranes were baked at 80°C for 2 hours. The highest sensitivity
obtained was 0.1 pg of DNA on Gene Screen Plus membrane 	 97

11. Autoradiogram of slot-blot of Giardia cDNA hybridized with the
Giardia-specific probe labeled with P. The three nylon
membranes were UV crosslinked for 3 minutes. The highest
sensitivity was 0.1 pg of DNA on MagnaGraph membrane 	 98



12

12. Print of slot-blot of Giardia cDNA hybridized with the Giardia-
specific with digoxigenin (Dig-dUTP) for enzyme-linked immunoassay.
The three nylon membranes were baked at 80°C for 2 hours. The
highest sensitivity obtained was 1 pg of DNA on the MagnaGraph
membrane 	 100

13. Print of slot-blot of Giardia cDNA hybridized with the Giardia-
specific probe labeled with digoxigenin (Dig-dUTP) for enzyme-
linked immunoassay. The three nylon membranes were UV crosslinked
for 3 minutes. The highest sensitivity obtained was 1 pg of DNA
on the MagnaGraph membrane 	 101

14. Autoradiogram of slot-blot of Giardia cDNA hybridized with the
Giardia-specific probe labeled with Bio-11-dUTP chemiluminescence
method. The three nylon membranes were baked at 80°C for 2 hours.
The highest sensitivity obtained was 1 pg of DNA on the MagnaGraph
membrane 	 103

15. Autoradiogram of slot-blot of Giardia cDNA hybridized with the
Giardia-specific probe labeled with Bio-11-dUTP chemiluminescence
method. The three nylon membranes were UV crosslinked for 3
minutes. The highest sensitivity was 0.1 pg of DNA on the
MagnaGraph membrane 	 104

16. Schematic presentation of nucleic acid detection by radiolabeled
cDNA probe versus non-radiolabeled cDNA probe 	 106



13

ABSTRACT

Giardia is the most common human parasite infection in the United States

causing a lengthy diarrhea. Transmission of Giardia is by the fecal-oral route and

numerous waterborne outbreaks have been documented. The Environmental

Protection Agency has regulated Giardia in drinking water through the "Surface

Water Treatment Rule." Current methods for detection of Giardia in water rely

primarily on microscopic observation of water concentrates by immunofluorescent

techniques. We evaluated the efficacy of using a gene-specific probe for the

detection of Giardia species in water. A cDNA probe, 265 base pairs long, from the

small subunit of rRNA of Giardia lamblia was used for detection of cysts. The

replicative form of M13 vector with insert was isolated from lysed host E. coli XL1-

Blue and used for production of the cDNA probe by nick translation with 32P-labeled

nucleotides. Seven different protocols were tested for extracting nucleic acids from

the cysts. Using the most efficient procedure, disrupting Giardia cysts with glass

beads in the presence of proteinase K, as few as 1 to 5 cysts per ml can be detected

in water sample concentrates by dot-blot hybridization assays.

Environmental concentrates from secondary and tertiary treated sewage or

surface waters were screened for Giardia cysts by immunofluorescent and the gene-

specific probe. Positive signals were observed in sewage and surface water samples

without floatation at ten fold greater dilutions than after floatation. It appeared that

gene probe detection was slightly more sensitive than microscopic detection of



14

Giardia cysts for wastewater samples. In six surface water samples and two sewage

sample no positive results were found either by the cDNA probe or

immunofluorescent.

Usually, DNA probes are radiolabeled and the most commonly used is 32P. 32P

is expensive, hazardous and has an extremely short half-life of 14.3 days, necessitating

frequent preparation of the nucleic acid probes. Three non-radioactive labeling

methods, chemiluminescence, enzyme-linked immunoassay and enhanced

chemiluminescence were evaluated. The cDNA probe was labeled by nick translation

for chemiluminescence method. Biotinylated deoxyuridine triphosphate was used in

place of deoxythymidine triphosphate to produce biotinylated DNA strands. The

result of hybridization was visualized by chemiluminescenct detection of DNA. The

sensitivity of the chemiluminescent method and the 32P labeled probe was 0.1 pg of

DNA in a slot-blot hybridization assay.
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INTRODUCTION

Giardia lamblia was first discovered by Leeuwenhoek in 1681, who found it in his

own stool (Dobell, 1920). The taxonomy of the species was confused in the past, and

even today it is often called Giardia intestinalis. It was named for Giard, who studied

the organism, and for Lambl, who first described it (Moffet, 1980). Giardia lamblia

is a flagellated, anaerobic (Lindmark, 1980) protozoan belonging to the class

Zoomastigophorasida, order Diplomonadorida, and family Hexamitidae (Levine,

1979). Giardia lamblia has a trophozoite form and a cyst form.

Giardia Trophozoite

The trophozoite's body is dorsoventrally flattened and pear-shaped and is convex

on the dorsal surface, is bilaterally symmetrical, and has two anterior, vesicular nuclei

and four pairs of flagella, which are used for swimming. Each nucleus has a large

endosome, which, combined with a large bibbed adhesive disc (sucking disc) on the

ventral side is used to attach to flat surfaces. A pair of large, curved, transverse,

dark-staining median bodies lies behind the adhesive disc. These bodies are unique

to the genus Giardia and are composed of microtubules arranged either irregularly

or in ribbons. Their function is unknown, although it has been suggested that they

may help support the posterior end of the organism, or they may involved in its

energy metabolism. The length of the trophozoite ranges from 9 to 21 min, the width

from 5 to 15 Am, and the thickness from 2 to 4 Am. Movement is erratic, occurring
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as a swaying and dancing motion. Because of their morphology and movement, the

trophozoites are easily identifiable in fresh preparations (Levine, 1979; Schmidt and

Roberts, 1977; Shun, 1985). Interestingly, Giardia's  trophozoite has no mitochondria,

smooth endoplasmic reticulum, Golgi bodies, or lysosomes (Friend, 1966).

Giardia Cysts

The cyst is formed in an unfavorable environment. The cysts are usually found

in stools and the environment. During encystation, the flagella are retracted

internally and appear as four pairs of delicate curved rods. The thick cyst wall is

distinctly visible, and all cell contents usually shrink away from the posterior end,

leaving a clear space. Cysts are oval or ellipsoid and slightly asymmetric in shape.

They are 8-12 Am long and, 7-10 Am wide. Cysts from different hosts or even from

the same host exhibit variation in size and shape (Garcia and Ash, 1975; Jawetz et

al., 1976). Young cysts have only two nuclei, but mature ones contain four, located

at one end. Starch inclusion in young cysts gives them the name "blue bodies"

(Garcia and Ash, 1975). Rendtroff and Holt (1954) reported that G. lamblia cysts

can survive in tap water and remain infective for 16 days, the longest time period

tested.
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Life Cycle

Giardia lamblia lives in the duodenum, jejunum, and upper ileum of humans, with

the sucking disc of the trophozoite fitting over the surface of an epithelial cell

(Schmidt and Roberts, 1977). In a severe infection the parasites cover nearly every

cell. The trophozoites multiply in the human intestine by binary fission (Chatteriee,

1975). The nuclei divide first, followed by the locomotive apparatus and the sucking

disc, and finally the cytoplasm. In the small intestine and in watery stools, only the

trophic stage can be found. In unfavorable conditions in the colon, when the feces

begin to dehydrate, encystment occurs. During encystment, the cell divides into two,

so that each newly formed cell has two nuclei, sucking disc and flagella (Shun, 1985).

First the flagella shorten and no longer project. Then the cytoplasm condenses and

secretes a thick, hyaline cyst wall (Schmidt and Roberts, 1977). When swallowed by

the host, they pass safely through the stomach and excyst in the duodenum,

immediately completing the division of the cytoplasm and the flagella. Within 30

minutes of ingestion, a cyst hatches out two trophozoites. The parasites proceed to

multiply and to colonize the duodenum. To avoid the high acidity of the duodenum,

Giardia often tend to be located in the biliary tract and gall bladder (Chatteriee,

1975). It has been calculated that a single diarrhetic stool can contain 14 billion

parasites in a severe infection, whereas a stool in a moderate infection may contain

300 million cysts (Chandler and Read, 1961).
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Pathogenesis

Giardia lamblia has long been considered as a nonpathogenic microorganism for

humans because in many cases cysts are found in the stool of asymptomatic persons.

Apparently, some persons are more sensitive to the parasite than are others.

Children are more frequently affected than adults, and there is considerable evidence

to suggest that protective immunity can be acquired. In other cases there is an

increased production of mucous, diarrhea, dehydration, intestinal pain, flatulence, and

weight loss. The stool is fatty but never contains blood. Giardia does not lyse host

cells but appears to feed on mucous secretions (Schmidt and Roberts, 1977). The

infection is not fatal but can be extremely uncomfortable. The parasite is capable of

producing discomfort by its toxic effects in allergic individuals, by its traumatic and

irritative effects, and by its spoliative action, i.e., by diverting nutrients (Chatteriee,

1975). However, it is not a tissue invader. The incubation period is about eight days,

and the prepatent period, before Giardia can be detected in stool, is 10-30 days

(Markell and Voge, 1981). Giardia lamblia attaches to the surface of the epithelial

cells of the intestine and bowel by means of its sucking disc (Chatteriee, 1975). The

trophozoites cover the intestinal epithelium which interferes with the absorption of

fats and other nutrients. This may cause a disturbance of intestinal function and

irritation or low-grade inflammation of duodenal or jejunal mucosa. The patient

suffers acute or chronic diarrhea and steatorrhea as result of the malabsorption. At

various times during the infection the stools may be watery, semisolid, greasy, bulky,
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and foul-smelling, but they never contain blood.

The symptoms range from mild diarrhea, malaise, weakness, fatigue, dehydration,

weight loss, distension, flatulence, anorexia, foul-smelling stools, cramplike abdominal

pain, and epigastric tenderness to steatorrhea and malabsorption (Wolfe, 1984;

Marrkell and Voge, 1981; Moffet, 1980; Levine, 1979; Schmidt and Roberts, 1977;

Jawetz et al., 1976; Chatteriee, 1975; Garcia and Ash, 1975 and Meyer and Olson,

1975). This stage may last only a few days and spontaneously resolve or may last for

long periods and may be intractable or hard to eliminate. The chronic stage is

characterized by persistent or recurring diarrhea and mild symptomatology.

Symptoms may persist for years if untreated but normally remit spontaneously in six

weeks (Brodsky et al., 1974). Asymptomatic cases of giardiasis have also been

reported and may be as high as 80% in children (Keystone et al., 1978). The bile

ducts and gall bladder may also be infected, causing mild catarrhal cholangitis,

cholecystitis, jaundice, and colitis (Jawetz et al., 1976).

Transmission of Giardia

Three modes of transmission for giardiasis have been described, namely

waterborne, foodborne and person-to-person.
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Waterborne Transmission

Waterborne transmission occurs when water contaminated by Giardia cysts is

consumed. Illnesses have occurred where unfiltered surface water (Fogel, 1982;

Thacker et al., 1979) has been consumed. Waterborne transmission of Giardia

lamblia was suggested in 1946 by an epidemiologic investigation of a Tokyo

apartment building. Sewage contamination of a water supply resulted in Giardia-

positive stools in 80% of the occupants who had diarrhea with abdominal discomfort

(Davis and Ritchie, 1948). Up until the 1950s, Giardia was considered a commensal

parasite. It is now the most frequently isolated protozoan worldwide and the most

significant pathogenic parasite in the United States (Feachem et al., 1983). The

prevalence varies by community socioeconomic class, lifestyle and age and may range

from 1 to 24%. Children under five have the highest infection rates (Craft, 1982).

Giardiasis in American travelers to the Soviet Union in the 1970s, increased the

recognition, investigation, and reporting of this disease in the United States (Craun,

1984). In 1970, Leningarad was implicated as the site of acquisition of the infection

for American travelers, and tap water was the probable mode of transmission

(Centers for Disease Control, 1970; Walzer et al., 1971; Brodsky et al., 1974).

Twenty three (29%) persons accompanying the U.S. Olympic Boxing team in

February and March 1970 and 84 (51%) scientists in May 1970 became "' with

giardiasis toward the end of a trip to the Soviet Union or shortly after their return

to the United States. A review of a study of 1419 members of 47 individual tour
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groups to the Soviet Union from 1969 to 1973 showed that 502(36%) of the travelers

were ill during the tour or shortly after their return to the United States (Brodsky et

al., 1974; Centers for Disease Control, 1975). Three hundred twenty four (23%) of

these travelers were thought to have giardiasis, based on a positive stool examination

and/or a diagnosis of diarrheal illness lasting for 1 week or longer. Attack rates

according to cities visited showed Leningrad to be the only city associated with illness.

Of 1082 travelers who drank tap water, 274 (25%) developed giardiasis; of 297 who

did not drink tap water, 44 (15%) became infected. In one tour group of 400 where

tap water consumption was quantified, risk of infection increased with the amount of

tap water consumed per day. An association between the amount of water consumed

and risk of infection was also noted in an outbreak of waterborne giardiasis affecting

72 (40%) American travelers to the Soviet Union in March 1975 (Centers for Disease

Control, 1975). Brodsky et al. (1974) reported that stool specimens from 96 staff

members of the National Aeronautics and Space Administration who traveled to the

Soviet Union in 1973 showed that none had a Giardia-positive specimen before travel

to the Soviet Union. Twenty-one of the staff members traveled to Leningrad and 17

(90%) became ill. Only 3 (4%) of the 75 individuals who did not travel to Leningrad

reported illness. After return to the United States, 15 (88%) of the 17 individuals

who traveled to Leningrad and reported illness were positive for Giardia lamblia

based on stool examination.

Waterborne giardiasis was also suggested in a retrospective survey of a group of
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1400 American who had become ill on their return from the Portuguese island of

Madeira in October 1976 (Centers for Disease Control, 1977c). Of 859 respondents,

27% developed an illness resembling giardiasis. Giardia lamblia was isolated from

27 (47%) of 58 patients who had a stool examination for parasites.

Outbreaks of Waterborne Giardiasis in the USA

Giardia lamblia is the most frequently identified etiological agent of waterborne

disease in the United States and the world (Centers for Disease Control, 1978;

Stevens, 1985) and it has become the most commonly identified pathogen in

waterborne outbreaks in the United States (Akin and Jakubowski, 1986). There were

53 waterborne outbreaks of giardiasis in the United States from 1965-1981, affecting

20,039 individuals. The most commonly identified pathogen in waterborne outbreaks

from 1972 to 1981 was Giardia lamblia (Craun, 1984). During this period, 15% of

all waterborne outbreaks and 26% of all waterborne disease were identified as

giardiasis. Documented outbreaks have dramatically increased from 2 in the years

1965 to 1969 to 56 in the years 1980 to 1984 (Akin and Jakubowski, 1986). During

1978 to 1982, Giardia accounted for 19.9% of all outbreaks (Lippy and Logsdon,

1984). From 1965 to 1984,90 outbreaks and 23,776 cases of giardiasis were reported,

the majority related to contamination of public water supplies (Craun, 1986).

According to Craun (1988), 71% of the outbreaks of giardiasis during the period of

1971 to 1985, were caused by surface waters, while 20% were caused by groundwater.
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The first waterborne outbreak of giardiasis documented in the United States occurred

at Aspen, Colorado, from December 1965 through January 1966 (Moore et al., 1969).

A survey of 1094 cases indicated that at least 123 (11%) had developed similar

symptoms. The agent responsible for illness was suggested to be G. lamblia due to

correlation of the parasite to illness, the absence of other pathogens, and the

response to treatment. Sewage contamination of the ground water supply was

responsible for the outbreak.

Surface waters, used as primary source of drinking water, free of gross human

sewage contamination with minimal treatment, such as disinfection only, have been

the source of most waterborne outbreaks of giardiasis (Craun, 1984).

The outbreak of giardiasis which occurred in Rome, New York was the first

outbreak that Giardia cysts were identified in a water supply (Centers for Disease

Control, 1975; Shaw et al., 1977). A Giardia cyst was found in water sediments

representing 1,059,800 liters of water. The water was collected during early May 1975

from the raw water intake. The sediment samples collected from the raw water

intake were fed to laboratory animals, which produced infection in specific-pathogen-

free dogs. This was the largest waterborne outbreak of giardiasis which occurred

from November 1974 to June 1975 in Rome, New York and 350 residents had

laboratory-confirmed giardiasis and an epidemiologic study estimated 4800-5300 cases

of giardiasis. Chlorination was the only treatment used for the surface water source

in Rome. Ammonia and chlorine were added to produce chloramine for a total



24

combined chlorine residual of 0.8 mg/liter. Chloramine is a less effective disinfectant

requiring higher concentrations and longer contact time than free chlorine to achieve

the same amount of effectiveness.

From September to December 1979, an estimated 3500 cases of giardiasis

occurred in Bradford, Pennsylvania (Centers for Disease Control, 1980; Lippy, 1981).

Four different waterborne outbreaks of giardiasis involving filtered water supplies

occurred in the late 1970s. The first, in Camas, Washington (Centers for Disease

Control, 1977b; Kirner et al., 1978; Dykes et al., 1980) affected 600 individuals of a

population of 6,000 in the spring of 1976. The second, in Berlin, New Hampshire

(Centers for Disease Control, 1977b; Lippy, 1978; Lopez et al., 1980) affected 750 of

a population of 15,000 in the spring of 1977. The third, in Vail, Colorado (Centers

for Disease Control, 1978) was an epidemiologic investigation that estimated 5,000

cases of giardiasis in visitors and residents during March and April 1978. The fourth,

in Estes Park, Colorado (Centers for Disease Control, 1980) affected 53 residents and

visitors in 1979.

From November 1, 1985 to January 31, 1986, 703 cases of waterborne giardiasis

were reported in Pittsfield, Massachusetts with population of 50,265 (Kent et al.,

1988). The community obtained its water from two main reservoirs and an auxiliary

reservoir. Potable water was chlorinated but not filtered. The incidence of illness

peaked approximately two weeks after the city began obtaining a major portion of

its water from the auxiliary reservoir. The auxiliary reservoir had not been used for
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three years. This has been the largest reported outbreak of laboratory-confirmed

cases of waterborne giardiasis to this date.

Treatment deficiencies account for most of the giardiasis outbreaks in public

water systems (67%) (Lippy and Logsdon, 1984). Whereas use of untreated surface

water, untreated ground water, deficiencies in the distribution system, and unknown

factors were responsible for 10.5, 12.3, 5.3 and 5.3% of the outbreaks, respectively.

Inappropriate disinfection and absence of chemical pretreatment for coagulation

appear to be the major deficiencies. Craun (1986) reported that 43% of the

outbreaks could be attributed to chlorinated, unfiltered drinking water. Unfiltered

systems whether chlorinated or not accounted for 67% of all outbreaks. The state

of Colorado followed by Washington had the most outbreaks, and the majority

occurred in community systems (serving at least 15 connections year around).

Sewage contains many enteric pathogens which have the propensity for

waterborne transmission. In raw domestic wastewater the concentrations of Giardia

cysts may vary. Fox and Fitzgerald (1979) reported as high as 530 cysts/L while Rose

et al. (1986) reported an average of 51 cysts/L and Sykora et al. (1987) reported 9.9

cysts/L. Poor recoveries may underestimate the actual concentrations, and

Jakubowski and Ericksen (1979) have hypothesized concentrations could range from

9,000 to 200,000 cysts/L in raw sewage. Sykora et al. (1990) reported Giardia cyst

concentrations in different parts of the United states ranging from 3,375 to 642 per

liter.
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The studies by Jakubouski et al. (1990) Sykora et al. (1990) showed that high

concentrations of Giardia cysts can be found in sewage and they suggested that cyst

levels in sewage may reflect the level of infection in the community. Based on their

data from examination of Giardia cysts from different sewage treatment plants,

Jakubowski et al. (1990) estimated cyst numbers of 1,500 and 2600 per liter of raw

sewage as representing one case of giardiasis per month per 100,000 population.

Waters used as sources for drinking water may contain Giardia as a result of

sewage discharges or non-point source pollution from animals. A survey of one site

found 41.7% (5/12) of the samples positive for Giardia (Rose et al., 1986). Levels

ranged from 0.006 to 6 cysts/L averaging 2.6/L. This watershed was receiving sewage

effluent discharges. Akin and Jakubowski (1986) reported concentrations ranging

from 0.003 to 0.3 cysts/L in various surface waters. Hibler (1988) has reported on

occurrence of Giardia in 301 sites, a total of 4,423 samples.

Due to increasing population pressure on watershed areas, and subsequently

higher chance of Giardia contamination of surface water, giardiasis outbreaks may

become even more frequent in the future in communities that depend on unfiltered

surface water supplies. These communities should not rely upon chlorination alone,

and Craun (1979) suggested that all surface water should receive chemical

pretreatment, preferably with sedimentation, and filtration in addition to disinfection

to protect public water supplies.
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Foodborne Transmission

Osterholm et al. (1981) presented evidence that food was a vehicle for the

transmission of giardiasis. Since transmission occurred from a point source over a

short and definable period, the group exposed was easily identified. They reported

that 29 of the 60 employees (48%) had diarrhea, and 15 of the 29 ill employees

(52%) and two of the 31 healthy employees had positive stool examinations for

Giardia lamblia. They reported only two food items, home-canned salmon and

homemade cream-cheese dip, that were statistically associated with the illness.

Another food-borne outbreak was reported by Peterson et al. (1988) that

occurred among 16 attendees at a picnic on July 28, 1985. Of the foods, the noodle

salad was the most likely vehicle of transmission. The salad was eaten by all who

developed giardiasis. The food preparer, who became symptomatic one day after

making the salad, could have contaminated it during the mixing with her bare hands.

Giardia does not reproduce in food, but because of low infectious dose, could be

transmitted by fecally contaminated food.

Person-to-Person Transmission (Giardia in day-care centers)

The experimental transmission of Giardia has demonstrated that G. lamblia

infection could be induced in normal adult volunteers with as few as t6n cysts, a

quantity that could be carried on fingers or fomites (Rendtorff, 1954).

Person-to-person transmission of Giardia lamblia has been reported by Black et
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al. (1977) in day-care centers. In three day-care centers they found that 29% to 54%

of children between 6 months and 3 112 years old had Giardia lamblia infection.

These rates were significantly higher than the 2% prevalence of Giardia infection in

a similar age group of neighborhood children who did not attend a day-care center.

The lowest Giardia infection rate was for infants who were mainly confined to cribs.

In contrast, 1-year-old children, who were mobile but not toilet trained, had the

highest infection rate. Giardia prevalence dropped in 2 and 3 year-old children, most

of whom were toilet trained and had better hygiene standards than 1 year-old. Black

et al.'s investigation of family members of children in the first day-care center

provides additional evidence for person-to-person transmission of the parasite.

Twenty-five percent of family members of Giardia-positive children were also

infected, compared with none of the family members of Giardia-negative children.

Keystone's et al. (1978) study confirmed Black's et al. finding and provides more

evidence not only for person-to-person transmission of Giardia lamblia but also for

moderately severe illness associated with giardiasis in these children and infected

household contacts. The proportions of children infected in the two nurseries were

39% and 17%; infection was spread to 7% and 23% of their household contacts.

Person-to-person transmission of giardiasis in day-care nurseries highlights the

susceptible population as young children who are mobile but not yet toilet-trained or

educated in personal hygiene. These risk factors interact to facilitate the rapid

spread of infection throughout institutional and household settings. In child care and
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residential institutions, the frequency of interpersonal contact within a susceptible

population coupled with poor environmental and hygienic conditions contributes to

the spread of disease (Thacker et al., 1979).

Pickering et al. (1981) reported an outbreak of giardiasis in a day-care center.

The clinical attack rate of diarrhea among children was 17%. It occurred only in

children less than 3 years of age. The occurrence of illness in families of the children

was also 17% (4 of 23). Sealy and Schuman (1983) reported attack rates of 17%,

26%, and 32% giardiasis in three day care centers in Hampton County, South

Carolina, with the highest incidence among 2-3 year old children.

In two prevalence studies of 339 and 261 children enrolled in 30 day-care centers

in Houston, Texas, Giardia cysts were identified in 72 (21%) and 67 (26%) of stool

specimens respectively. At least one child with Giardia was found in 66% and 85%

of day care centers in the respective surveys. Giardia-positive specimens were

significantly more frequent in the 13 to 30 month-old children than in children

younger than 1 year in both surveys (Pickering et al., 1984). Similar results have been

reported by Polis et al. (1986) in a urban day care center. Thirty five percent of the

children were infected in the study group. Forty seven percent of the infected

children transmitted the disease to at least one household contact, indicating person-

to-person spread of Giardia lamblia.

In the city of Santiago, Chile 33% of 722 children attending 7 nursery schools and

1 primary school were infected with Giardia lamblia. Prevalences among primary



30

school students (5 to 10 years of age) of giardiasis (38%) were overall higher than

among nursery school students (3 months to 5 years of age; prevalences 29%, 21%,

and 16%, respectively) (Goldin et al., 1990).

Polis et al. (1986) and Goldin and co-workers (1990) reported that there was no

apparent association between socio-economic class and levels of G. lamblia infection.

We need to be aware that giardiasis occurs in both developed and underdeveloped

countries, and that person-to-person spread is common, and not only occurs in areas

with overcrowding, poor sanitation, or an impure water supply.

Based on reviewing these studies, it was noticeable that Giardia was widely

propagated in day-care centers, where staff were often undereducated, overworked,

and not appreciative of the benefits of proper hygiene. Among the children

participating in the studies from day-care centers, there was a downward trend in the

prevalence of Giardia lamblia with increasing age. Hand washing alone, when

performed routinely and rigorously, can reduce the incidence of diarrhea in day care

centers by 50% (Black et al., 1982).

Wastewater Reuse in Arizona.

Many states, have encouraged the use of wastewater to supplement the limited

water supplies available. Wastewater is a dependable water resource which can be

utilized for irrigation of crops, pasture land, golf courses and landscapes. Wastewater

has also been used for recreational waters. Potable reuse has been tested in
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Colorado, California, New Mexico and Florida and is being proposed in Arizona.

Arizona has a long history of wastewater reuse. Currently, 180 reuse facilities are

operating in Arizona, reusing approximately 200 million gallons of wastewater per

day. The 1980 groundwater ACT precipitated revision of the 1982 Wastewater Reuse

Rules. The most significant changes included the establishment of a permit and

compliance monitoring program (Arizona, 1984; Kramer, 1984). Thus, in 1985,

Arizona adopted more stringent requirements for some effluent reuse. This has

included monitoring requirements for viruses and parasites in addition to the routine

monitoring of fecal coliform indicator bacteria. Giardia is monitored in wastewater

used for irrigation of food crops or in waters used for full body contact recreation.

Effluent dominated waters may also be tested. The parasite is monitored for its

presence or absence in 40L.

Enteric pathogens such as Giardia share similarities which may account for their

inclusion in a monitoring program for wastewater reuse. First, they have been

detected in wastewater, are spread by the fecal-oral route and may be waterborne.

Secondly, there is epidemiological evidence which supports the possible spread of

enteric diseases in man or animals through contact with sewage (Rose, 1986). Finally,

the routine indicator bacteria (coliform) do not correlate with the presence of these

pathogens in water (Akin and Jakubowski, 1986; Gerba, 1981).

Treated wastewater, designated for reuse, has been evaluated for concentrations

of Giardia cysts in the state of Arizona (Rose et al., 1988). Eleven treatment plants
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were included in the study. Samples were collected over a two-year period monthly,

quarterly or biannually. Frequencies were determined by the Arizona Health

Department based on size of the facility and type of reuse. A variety of treatment

trains were tested including three oxidation lagoons, three activated sludge plants and

three facilities using sand filtration in addition to activated sludge. In one case, alum

and polymers were introduced in-line prior to filtration. All final effluents were

chlorinated. The results indicate a 57 to 71% compliance with the standard of none

detectable/40L. Oxidation ponds produced effluent with an average of 170 cysts/40L

while activated sludge treated effluent had an average of 48 cysts/40L. Additional

filtration decreased those numbers by 100 fold.

Current Methods for Detection of Giardia in Water

Current methods, for Giardia monitoring, depend upon microscopic procedures

for detection and viability determination. This is time consuming as only one sample

can be read at one time and requires an experienced microscopist. In some cases,

depending on the water sample, the techniques are insensitive and results are difficult

to interpret. The development of a more rapid and sensitive method for detection

of Giardia cysts in water and wastewater samples would enhance the ability to

routinely evaluate the quality of drinking water and renovated wastewater for reuse.

This will become increasingly important as recreational and potable reuse are

implemented.
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Determination of Giardia Cyst Viability.

A number of methods have been described for determining viability of Giardia

cysts. To date the procedures for determining Giardia cyst viability have included in

vivo excystation, in vivo infectivity, in vitro excystation and vital stains. Bingham and

Meyer (1979) reported the first successful in vitro excystation of Giardia cysts from

humans, monkey, and dogs, and G. muris cysts from cats and mice. The excystation

was carried out at 37°C at low pH and then incubated in a synthetic gastric juice.

This procedure is reliable and reproducible in the case of Giardia muris and not G.

lamblia. Giardia cyst numbers are usually lower than a thousand cysts per 380 liters

of surface waters (Craun, 1986). Even if all the Giardia cysts could be recovered

efficiently from the sample, which they can not, there would be insufficient cyst

concentration to determine viability by current excystation procedures which require

between 1 and 5 x 105 cysts. In addition, the procedures for excysting Giardia cysts

require several hours to complete and are not equally successfully in every laboratory.

Bingham et al. (1979) compared eosin dye exclusion and procedure for excysting G.

lamblia cyst. They found no correlation between the two techniques. Hudson et al.

(1988) reported fluorescent dye exclusion as a method for determining Giardia cyst

viability. In this procedure non-viable cysts accumulate the dye and fluoresce,

whereas viable cysts exclude the dye and show no fluorescence. They found a high

degree of correlation between the dye exclusion and excystation methods for G. muris

cysts and low correlation in the case of G. lamblia. Animal models of giardiasis have
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been developed in the mouse (Roberts-Thomson et al., 1976) and the Mongolian

gerbil (Belosevic et al., 1983). Both models have been successfully used to determine

cyst viability and infectivity. Animal infectivity studies require weeks to complete.

Furthermore, animals are expensive to purchase, feed and house. Also positive

results can be conclusively used in animal infectivity studies.

Human Immune Response to Giardia lamblia Infection.

Epidemiologic studies as well as clinical, and experimental observations indicate

that Giardia lamblia may elicit a host immune response. In epidemiologic studies of

several giardiasis outbreaks, it was observed that individuals repeatedly exposed to

G. lamblia had a lower incidence of infection and symptoms than newly exposed

individuals (Istre et al., 1984; Gleason et al., 1970; Moore et al., 1969). This indicated

that previous exposure, increase the resistance to reinfection. Also, clinical

observations of immunocompromised individuals show that they have a higher

prevalence of giardiasis (LoGalbo et al., 1982).

Antibody response. Visvesvara et al. (1980) and Smith et al. (1981) showed,

circulating anti-G. lamblia antibodies present in individuals with symptomatic

giardiasis. They have reported that the antibodies were IgG in isotope, directed

against trophozoite surface antigens and had minimal cross-reactivity with

heterologous microorganisms. These antibodies appeared to be present in high titers

in some, but not all, patients with recurrent infection, which suggests that circulating
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antibodies alone may not be protective.

The secretory immune system in giardiasis was studied using the murine model.

Newborn mice were shown to be resistant to G. muds when they suckled on immune

mothers, whereas mice suckling on non-immune mothers were susceptible (Stevens

and Frank, 1978). The protection in the suckling mice was lost after weaning. The

secretory immune system was implicated in this protection since the latter appeared

to be IgA dependent (Andrews et al., 1979).

Cellular Immune Response. To study cellular immune responses to giardiases,

groups of investigator examined the capacity of lymphocytes to respond to an extract

of solubilized G. lamblia. Smith (1985) found that lymphocytes from patients with

acute giardiasis did not proliferate in vitro in response to G. lamblia antigen.

Lymphocytes from a patient with chronic giardiasis showed a positive antigen-induced

proliferative response (Smith et al., 1982). The different responses of lymphocytes

to chronic versus acute giardiasis in patients suggests that there may be a T-cell

response to G. lamblia.

The phagocytic cells, monocytes-macrophages and granulocytes, have shown

ability to participate in the killing of parasites. The macrophages of mouse (Owen

et al., 1981) and rabbit (Radulescu and Meyer, 1981) were shown to be capable of

phagocytosing G. lamblia trophozoites. Smith (1985) reported that human

macrophages also can phagocytose this parasite. Smith et al. (1982) suggested that

macrophage cytotoxic mechanisms may be important in the host response to Giardia.
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The trophozoites can trigger the respiratory burst in human macrophages resulting

in the production of H202 and 02-, and these oxygen metabolites appear to

participate in macrophage killing of this extracellular organism. Also, T lymphocytes

are capable of modulating this activity through the generation of a lymphokine that

enhances monocyte generation of H202 and 02- (Smith et al., 1984). In the presence

of serum containing anti-Giardia lamblia antibodies (antibody-dependent cellular

cytotoxicity, ADCC), granulocytes have shown cytotoxic activity for trophozoites. The

sensitizing antibody seems to be IgG, which is not effective in absence of

granulocytes, even in the presence of complement (Smith et al., 1982).

The inflammatory cell response in the intestinal mucosa during giardiasis is

variable. However, mononuclear and polymorphonuclear cell infiltrate into mucosa

frequently during the infection. The trophozoites in the intestinal lumen attaches to

the epithelium and may invade the mucosa. The first line of defense would be

macrophages, which can be sensitized by a T-cell lymphokines. This is sufficient for

clearing the parasite in most individuals. However, if the trophozoites overwhelm or

escape this response, as may occur in some chronically infected hosts (Smith et al.,

1982; Smith et al., 1984) an antibody response is induced in the host. The

granulocyte effector cells, via an ADCC mechanism, interact with trophozoites which

represent a second line of defence against G. lamblia in prolonged infection.

Material released from live or dead trophozoites, acts as a chemotactic for monocytes

and granulocytes (Smith, 1984; Smith et al., 1984). The chemotactic material could
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attract additional effector cells to mucosa and also into intestinal lumen to interact

with organisms that have not invade the mucosa (Smith, 1985). Host susceptibility

to infection might be due to antigenic differences (Einfeld and Stibles, 1984) in

Giardia lamblia. However, in most individuals the humoral and cellular immune

responses to the parasite are very effective in preventing tissue invasion.

Gene-specific Probe Technology.

In recent years recombinant DNA techniques have made it possible to detect and

study specific genes in microorganisms. As a result, the development of DNA and

RNA probes has progressed. These probes are small pieces of labelled nucleic acids

which can be used to detect complimentary base pairs through hybridization. Gene

probes may be considered one of the most sensitive techniques for the detection and

study of microorganisms demonstrating extensive applications. Rapid advances in the

application of gene-specific probes for viral detection have been made in recent

years. Probes have been developed for cytomegalovirus, Herpes viruses,

adenoviruses, hepatitis B virus, and the enteroviruses (Kulski, 1985). Herpes simplex

I has been differentiated from type II using cDNA probes, delineating their role in

disease (Stalhandske and Peterson, 1982). The specificity and sensitivity of cDNA

probes have been tested for enteroviruses in cerebrospinal fluids (Rotbart et al.,

1985). Recently, probes have been utilized for the detection of enteroviruses in

environmental samples (Gerba et al., 1987). These probes appear to be highly
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specific to human enteroviruses and do not detect other animal viruses.

Probes have also been developed for the detection of bacteria. DNA

hybridization methods have been particularly useful for the detection of specific

pathogens such as enterotodgenic Escherichia coli and Shigella (Moseley et al., 1982;

Sethabutr et al., 1985). These tests are rapid, sensitive and specific. Initially there

were very few reports on gene probes for eukaryotic organisms. Currently,

molecular probes have been developed for yeasts such as Candida and Torulopsis

(Mason et al., 1987) and for parasites, the most extensive being Plasmodium

falciparum, the causative agent of malaria (Barker et al., 1986; Coppel et al., 1985;

Franzen et al., 1984). Probes to P. falciparum have been used for detection in blood

and for differentiation of species and isolates.

In the last few years characterization of the genome of Giardia has begun. Sogin

et al. (1989) analyzed the small subunit ribosomal RNA from Giardia lamblia for

phylogenetic study. Upcoft et al. (1988) cloned discrete DNA species from Giardia

using restriction enzyme cleavage. A number of repeat sequences have been

identified which may be useful in the detection of the organism. Uji et al. (1988)

utilized a 32P-labeled DNA probe from Giardia duodenalis for isolate comparison

using DNA-DNA hybridization techniques.
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Respiration of Giardia Cysts.

Cysts and trophozoites of Giardia muris both showed respiratory activity (Paget

et al., 1989). The respiration in cysts was only 10 to 20% of that of trophozoites.

Lindmark and Miller (1987) reported some enzymatic activities in cysts and

trophozoites of G. lamblia and G. muris. The first report that suggested that Giardia

cysts might be metabolically active was by Bingham et al. (1979), which showed that

G. lamblia cysts were only viable for about 4 days when maintained in water at 37°C.

At a water temperature of 8°C cysts survived for about 2 months. This temperature-

dependent survival suggested that cysts are metabolically active rather than true

cryptobiotic forms.

Heat Shock Genes in Giardia lamblia.

All living organisms, cultured cells or whole organisms, examined to date respond

to significant temperature increases by activating a specific set of genes called heat

shock genes (Lindquist, 1986). They respond by synthesizing a small number of

highly conserved proteins, the heat shock protein (lisp). The heat shock proteins

genes for the fruit fly, Drosophila were among the first eukaryotic genes to be

identified and cloned (Livak et al., 1978; Schedl et al., 1978). It has been shown that

the hsp were induced by several other stress treatments, produced within a few

minutes and associated with newly synthesized RNA (Leenders and Berendes, 1972).

Heat-shock messages appear in the cytoplasm within a few minutes of temperature
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elevation and are immediately translated with very high efficiency (Lindquist, 1980).

As long as cells are maintained at high temperature, hsp continue to be the primary

products of protein synthesis. When cells are returned to normal temperature,

normal protein synthesis gradually resumes (DiDomenico et al., 1982). A Giardia

lamblia heat shock gene was identified and its promoter region determined

(Aggarwal, 1988). No significant homology is present between the sequenced lisp-70

like gene of Giardia and Drosophila hsps (Aggarwal, 1988).
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OBJECTIVES

1. To develop a nucleic acid probe for detection of low concentrations of Giardia

cysts in water.

2. To develop a simple method to extract nucleic acid directly from Giardia cysts.

3. To test the specificity, sensitivity, and applicability of the cDNA probe to

environmental samples as compared to immunofluorescence.

4. To evaluate non-radioactive DNA labeling methods for visualization of Giardia

nucleic acids.
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MATERIALS AND METHODS

Protozoan Stocks

Giardia lamblia and Giardia muris were obtained in cyst form. They were

generated through passage in gerbils from Swabby Gerbco, Inc. (Diane Swabby,

Phoenix, AZ). The cysts were received in a water suspension and stored at 4°C.

Cysts were used consistently between 1 and 8 weeks of age after receipt. For some

experiments cysts were further purified through a cesium chloride step gradient

(Kilani and Sekla, 1978). Recovered cysts were resuspended in distilled water

(dH20) and washed twice using centrifugation with final suspension in dH20. The

unpurified preparation was directly used for most of the trials. Giardia cysts in all

samples were identified and counted using an indirect immunofluorescent procedure

on membrane filters (Rose et al., 1989), with a Giardia monoclonal antibody

(Meridian Diagnostic Inc., Cincinnati, OH) and fluorescein isothiocyanate (FITC)-

conjugated affinity purified antibody to mouse IgA+IgG+IgM (H+L) [goat]

(Kirkegaard & Perry Laboratories Inc., Gaithersburg, MD). fluorescence was

observed using an epifluorescence microscope (Olympus, BHTU epifluorescence

microscope, New Hyde Park, NY). Trophozoites of Giardia duodenalis isolated from

humans and beavers and an isolate from a great blue heron were generously provided

by Dr. Stanley L Erlandsen, University of Minnesota, Minneapolis, MN (Erlandsen

et al., 1990).
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Poliovirus type I (LSc strain) was used as a model in this study (obtained from

Dr. Charles P. Gerba, University of Arizona, Tucson).

Liberation of Nucleic Acids from Giardia Cysts

Seven methods were tested to determine the most efficient procedure for

extracting nucleic acids from G. lamblia cysts (Abbaszadegan et al., 1991). The same

stock of purified and unpurified cysts was used for each of the methods. At the

beginning of each procedure, one ml of sample from a purified cyst preparation and

a second one ml sample from an unpurified cyst preparation were counted using an

immunofluorescent procedure and the cyst concentrations were adjusted to

approximately 104 cysts/ml using dH20. These samples were then diluted from 10-1

to 10 (0.1 ml of sample to 0.9 ml of distilled water) and the original sample and

each dilution were extracted using one of the six procedures. This was repeated two

to three times for each of the extraction methods. The resulting Giardia nucleic acid

extracts were boiled for ten minutes and then spotted under vacuum by means of a

dot-blot apparatus (BRL, Gaithersburg, MD) onto nylon membranes (Gene Screen

Plus, DuPont, Boston, MA), air dried and baked in a vacuum oven (Napco, Portland,

OR) for 2 hours at 80°C.

Method 1: Enzyme digestion of Giardia cysts. Cellulase (6.7 units/mg, Sigma, St.

Louis, MO) was added to a concentration of 12.5 mg/nil and collagenase (0.28

units/mg, Boehringer Mannheim, Indianapolis, IN) was added to a concentration of
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2.5 mg/ml, to the cyst suspensions. The cysts were digested for 4 hours at 45°C and

then proteinase K (14.3 units/mg, Sigma, St. Louis, MO) was added to the

suspensions to a concentration of 80 Wml, and incubated for 30 minutes at 65°C.

Method 2: Baking. Dilutions (1:10) from the Giardia cyst suspension were

directly spotted onto a nylon membrane (Gene Screen Plus, DuPont, Boston, MA),

air dried and baked in a vacuum oven (Napco, Portland, OR) for 2 hours at 80°C.

Method 3: Phenol-chloroform extraction. Standard procedures for phenol-

chloroform extraction were performed on purified and unpurified cyst preparations

(Maniatis et al., 1982). To the Giardia suspensions, an equal volume of phenol-

chloroform-isoamyl alcohol (25:24:1 v/v) was added, thoroughly mixed and centrifuged

in a microspin centrifuge (24 S model, Sorval, Boston, MA) for three minutes. Next,

chloroform-isoamyl alcohol (24:1 v/v) was added to the aqueous phase and thoroughly

mixed. This was repeated to ensure removal of phenol from the aqueous phase.

Method 4: Deionized formamide extraction. The Giardia cyst suspension was

heated to 65°C and then an equal volume of hot deionized formamide (65°C), was

added. The solution was mixed for 2 minutes, boiled for 10 minutes and centrifuged

in a microfuge for 1 minute. The total volume was recovered and spotted.

Method 5: French Press. One ml of an ice cold Giardia cyst suspension was

passed through a French Pressure Cell (American Instrument Co., Silver Spring,

Maryland) (18000 lbs/in2) three times to disrupt the cysts. The suspension was then

boiled and spotted onto the membrane.
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Method 6: Glass beads method. Glass beads (212-300 microns, Sigma,) were

washed for five minutes in 50 ml of commercial bleach, rinsed with distilled water and

then treated with 1 M hydrochloric acid for 5 minutes. These washing steps were

repeated twice. The beads were then washed in 95% ethanol for 5 minutes twice,

then rinsed with distilled water. The glass beads were stored under TE buffer pH 7.5

until use.

The treated glass beads were added to 1 ml of the Giardia cyst suspension (200

Al, approximately 0.2 grams) and proteinase K (Boehringer Mannheim, Indianapolis,

IN) added to a concentration of 100 mg/mi. Mixtures of cysts, glass beads and

proteinase K were agitated by attaching microfuge tubes to the blade of an electric

jigsaw (Sears and Roebuck, Chicago, IL), which was operated for 10 minutes at full

power to disrupt Giardia cysts in the sample. Afterwards, samples were incubated

for 30 minutes at 65°C and centrifuged in a microfuge for one minute. All of the

supernatant, leaving the pellet of debris and glass beads, was collected, boiled and

spotted onto the nylon membrane.

Method 7: Freeze and thaw method. Dry ice (approximately 200 grams), in small

pieces, was added to 300-400 ml of acetone and allowed to stop bubbling. Tubes

containing 1 ml of Giardia cyst samples were dipped into the acetone and dry ice

mixture and allowed to freeze. Frozen samples were transferred into a Water bath

at 65°C to allow a quick thawing. As soon as the samples were thawed, they were

dipped back into the acetone and dry ice mixture. This was repeated 3-5 cycles.
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After the last cycle proteinase K was added to a concentration of 100 Ag/m1 to the

samples and incubated at 65°C for 30 minutes. Afterwards, all of the supernatant

was collected, boiled and spotted onto the nylon membrane.

Reaction of the Giardia-specific cDNA Probe with a Variety of Microorganisms

The Giardia-specific cDNA probe was tested for cross hybridization with nucleic

acids from other microorganisms (protozoa, helminths and bacteria) which might be

found in water including other enteric protozoa such as Entamoeba and

Cryptosporidium and bacteria commonly found in polluted waters such as Escherichia

coli. The microorganisms listed in Table 8 at a concentration of approximately 104

cells/ml were treated by a glass beads method, the resulting nucleic acids were treated

as previously described.

Preparation of cDNA

The cDNA probe was a 265 base pair fragment (base pairs 636-900) of the small

subunit ribosomal RNA (16S-like rRNA) of the protozoan Giardia lamblia (Sogin et

al., 1989). This cDNA clone was generously provided by Dr. Mitchell L Sogin,

National Jewish Center, Denver, CO. The fragment of rRNA-cDNA was a M13mp 18

clone at the KpnI site, and the replicative form (double-stranded circular form) of

M13mp 18 with the insert was isolated and purified from lysed host Escherichia cou i

XLI-Blue (Stratagene, La Jolla, CA) by banding in a cesium chloride/ethidium
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bromide gradient by the method of Maniatis et al. (1982). The host cells were

infected by M13 bacteriophage containing the Giardia cDNA fragment. The

replicative form (plasmid) were grown in Escherichia coli XL1-Blue for 8 hours at

37°C in Luria-Bertani (LB) media containing tetracycline at a concentration of 12.5

gghtil. One liter cultures were harvested by centrifugation at 6,000 x g for 10 minutes

in 250 ml polypropylene bottles. The plasmids were harvested by alkali lysis

procedure (Maniatis et al., 1982). The plasmid purification was done by

centrifugation in CsCl-ethidium bromide gradients. Centrifugation was performed in

a Beckman VTi 65 vertical rotor (Palo Alto, CA) at 194,000 x g for 16 hours.

Plasmid band was removed with a 3 cc syringe using an 18 gauge needle and mixed

with an equal volume of isoamyl alcohol to remove ethidium bromide (Maniatis et

al., 1982). Final plasmid purification was done by phenol-chloroform extraction and

ethanol precipitation. The M13 vector with the insert or the excised 265 base pairs

(Figure 1) cDNA segment was used for production of the probes. The cDNA was

labeled with both 32P-dATP and 32P-dCTP with specific activity of 3000 Ci/mmole

(New England Nuclear, Boston, MA) using nick translation (Rigby et al., 1977) to a

specific activity of 1.0 x 109 cpm/ug of DNA. The labeled cDNA was purified by

chromatography through Sephadex G-50 (Pharmacia, Piscataway, NJ) column and

denatured by heating for 10 minutes in a boiling water bath.
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Figure 1. Print of Kpn I digest of the M13 vector (7.2 kb) with Giardia segment (265
base pairs) on a 2% NuSieve GTG agaros gel. The 265 base pairs are shown by the
arrow.
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The poliovirus cDNA clone (PV 104), base pairs 115-7440, inserted at Pst I site

of the plasmid pBR322 was provided by Drs. Rancaniello and Baltimore,

Massachusetts Institute of Technology, Boston, MA.

Hybridization Procedure

After spotting the samples, the membrane was air dried and baked in a vacuum

oven for 2 hours at 80°C to fix the nucleic acid on the membrane. Prehybridization

conditions were with constant agitation in a Seal-a-Meal bag (Dazey Corp., Industrial

Park, KS) for 3 hours at 52°C. Prehybridization buffer was 50% deionized

formamide, 1% sodium dodecyl sulfate (SDS), 5% dextran sulfate, 5X SSPE buffer

(0.75 M NaC1, 0.05 M NaH 2PO4, 5 mM ethylenediamine tetra acetic acid [EDTA])

and 45 Ag/ral of sheared, denatured salmon sperm DNA (all from Sigma, St. Louis,

MO), with a final pH of 7.4. In the hybridization solution the concentration of

deionized formamide was lowered to 45% and the salmon sperm DNA concentration

was decreased to 2 Ag/ml. Between 10-20 ng of 32P-labeled probe (average specific

activity of 1.0 X 109 cpm/ihg of DNA) was added to the sealable plastic bag and

hybridized for 16 to 36 hours at 52°C (Thomas, 1980).

Quality Control for Hybridization Assays of Environmental Samples

To evaluate and eliminate false positive signals in hybridization assays, a set of

Giardia positive and negative samples were assayed along with environmental
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samples. Cysts were filtered out from Giardia-contaminated gerbil fecal material by

a mixed esters of cellulose membrane with a 5.0 um pore size (Nucleopore Corp.,

Pleasanton, CA). This filtrate and Giardia negative environmental samples,

determined by immunofluorescence method, were used as negative controls. All

solutions and diluents utilized during the processing of samples were tested for

possible non-specific binding of the cDNA probe. Solutions were spotted onto

membranes at two times the volume used for processing environmental samples. The

cDNA fragment within the vector (10 to 0.1 ng) was used as a positive control.

Environmental pellets (stored in 3.7% formaldehyde) which were recovered from

secondarily-treated sewage and river waters were processed by the glass bead

extraction method and hybridized with the gene-specific probe using previously

described procedures.

Autoradiography

Positive hybridized signals were detected by autoradiography. This was carried

out at -70°C using Kodak XAR-5 X-ray film (Fastman Kodak Co., Rochester, NY)

with a DuPont Lightening-Plus (Wilmington, DE) intensifying screen for a exposure

period of 24-48 hours.

Immunofluorescence Techniques for Detection of Giardia Cysts

Sample Collection. Water samples were collected using a portable gasoline-
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driven water pump and filtered through ten inch, yarn-wound polypropylene cartridge

filters (Micro Wynd H; AMF/CUNO Division, Meriden, CT) with a nominal porosity

of 1 Am (Musial et al., 1987). Flow rates were adjusted to four to five gallons per

minute and 100 to 400 gallons of water were filtered.

Filter Elution. Filters were backflushed with 2,700 ml of eluent (distilled water

containing 0.1% Tween 80 to facilitate desorption). The filter was cut longitudinally,

separated from the core, teased apart, and washed three times; each time in one-

third of the eluent. The washing was done on a shaker for 10 minutes in a one-gallon

container. The sample was concentrated and combined into a single pellet by

centrifugation (1,200 x g for 10 minutes). The final pellet was divided in half and

resuspended in 10% formalin.

Pellet Processing. Pellets suspended in formalin were washed and resuspended

in a solution containing 1% Tween 80 and 1% sodium dodecyl sulfate (SDS) solution

and then homogenized (setting, 30) in a VirTis homogenizer (The VirTis Co., Inc.,

Gardiner, N.Y.) for 3 minutes. One drop of antifoam (Sigma) was added to facilitate

total sample recovery. Next, the sample was washed and resuspended in distilled

water for clarification with potassium citrate (1.24 g/m1). After sonication (25 kHz,

Branson Ultrasonic Cleaner; Branson Sonic Co., Shelton, Conn.), 10 ml of each

sample was layered onto 30 ml of the density gradient solution. The gradient was

centrifuged at 800 x g for 10 minutes. The entire supernatant from each sample was

recovered, diluted 1:3 with 1% Tween 80, and centrifuged (1,200 x g for 10 min).
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The pellets were suspended in 1 to 5 ml of 1% Tween 80.

Cyst Detection. Samples (0.1 to 1 ml) were filtered, either directly or after 1:10

dilutions, through 13 mm diameter cellulose nitrate membrane filters with a pore size

of 5.0 Am. Cellulose nitrate membrane filters were housed in stainless steel filter

holders (Millipore Corp., New Bedford, Mass.). Filters were rinsed twice with 5.0 ml

of 1 X PBS, using a 5-ml syringe attached to the filter holder. The bottoms of the

housings were plugged with Parafilm (American National Can, Greenwich, CT), and

the appropriate antibodies were applied directly onto the filters (approximately 0.1

to 0.2 ml). After 30 minutes of incubation at room temperature, the filters were

rinsed as described above. The secondary antibody was applied and incubated in the

same manner as described above and was then rinsed a second time. Filters were

then removed from the housings and placed on glass slides in 50% glycerol-

phosphate-buffered saline solution (pH 8.0), and cover slips were applied. The entire

filter was examined at a magnification of 200 X by using a BHTU epifluorescence

microscope equipped with a 100-W high-pressure mercury lamp (Olympus, New Hyde

Park, N.Y.) for enumeration of cysts. Giardia cysts were identified by their shape,

size (8-12 microns) and green-apple color under the microscope.

Non-radioactive Labeling of the cDNA Probe

Three non-radioactive labeling procedures, chemiluminescence, enzyme-linked

immunoassay and enhanced chemiluminescence, were utilized for their application
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to water concentrate samples.

Chemilumineseence Method (Tropix, Bedford, MA). The cDNA probe was

labeled by nick translation, as previously described, for the chemiluminescence

methods with the exception of using biotinylated deoxyuridine triphosphate (Biotin-

11-dUTP, Sigma, St. Louis, MO) in place of deoxythymidine triphosphate (dTTP) to

produce biotinylated DNA strands. The reaction mix contained 4 Al of 10 X nick

translation buffer (Appendix B), 3.2 Al of dNTP (dATP, dCTP, dGTP, Pharmacia)

mixture each at 250 AM concentration, 4 Al of Bio-11-dUTP (Sigma) at 0.1 mM

concentration, 2 Al of 0.1 Ag/A1 of the cDNA and 26.8 Al of sterile distilled water to

give a total volume of 40 Al. To the mixture 1.6 Al of DNase I (Pharmacia) at 1.5

unit/ml was added and then incubated on ice for 10 minutes. One Al of DNA

polymerase I (Pharmacia) at 5,000 unit/m1 was added to the reaction tube and

incubated for an additional 90 minutes at 15°C. The reaction was stopped by adding

2 Al of 0.5 M EDTA and stored at -20°C.

Triplicate samples of Giardia cDNA were spotted on three different hybridization

transfer membranes (MagnaGraph membrane, MSI, Westbord, MA; Tropilon

membrane, Tropix; Gene Screen Plus membrane, DuPont). The spotted

hybridization membranes were air dried and the nucleic acids fixed on the

membranes by baking or irradiation with ultraviolet light from a multiband UV-

254/360 lamp (Ultraviolet Products, San Gabriel, CA) for 3 minutes at a distance of

5 cm, prehybridized, hybridized with 5 Al (5-10 ng) of biotinylated cDNA probe and



54

washed as previously described.

Procedure for Chemiluminescent Detection of the cDNA

After the last stringency wash, the membranes were treated as follows: washed

2 X 5 minutes at room temperature in I-LIGHT blocking buffer (Tropix), and then

incubated in 100 ml of the buffer for 30 minutes at room temperature. Avidin-

alkaline phosphatase conjugate (Tropix) was diluted 1:3000 in conjugate buffer. The

membranes were then incubated in 20 ml of the conjugate solution for 30 minutes

at room temperature with constant agitation. The membranes were washed 1 X 5

minutes in blocking buffer and 4 X 5 minutes in wash buffer (Tropix) and processed

as described in the next section. All the buffer recipes were provided by Tropix and

listed in Appendix B.

Visualizing Membrane-bound DNA Using AMPPD

AMPPD (Tropix) is a direct chemiluminescent substrate for alkaline phosphatase.

The membranes were washed 2 X 5 minutes in assay buffer, and then incubated in

20 ml of 0.25 mM AMPPD solution diluted in assay buffer, for 5 minutes at room

temperature with constant agitation. The excess AMPPD substrate solution was

drained off the membrane and it was sealed in a Seal-a-Meal (Dazey Corp.) bag and

autoradiographed as previously described.
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Enzyme-linked Immunoassay Method (DNA Labeling and Detection Kit, Boehringer
Mannheim Biochemicals, Indianapolis, IN)

The cDNA probe was labeled by a random primed DNA labeling method with

digoxigenin-dUTP. The DNA fragment was linearized and heat denatured by boiling

for 10 minutes and chilled quickly on ice. In the reaction tube 2 gl of 0.1 AIWA' of

the cDNA, 2 gl of hexanucleotide mixture, 2 gl of dNTP labeling mixture and 1 gl

of Klenow enzyme and 13 gl of dH20 were added to give a total volume of 20 pi.

The mixture was incubated for 60 minutes at 37°C. All the reagents and the enzyme

were provided in the kit. The reaction was stopped by adding 2 gl of 0.5 M EDTA

and then the labeled DNA was precipitated with 2 gl of 4M LiCI and 60 gl of

prechilled ethanol resuspended in 40 gl of TE buffer, and stored at -20°C.

Triplicate samples of Giardia cDNA were spotted on the three different

hybridization transfer membranes. The membranes were air dried, baked or UV

cross linked, prehybridized, hybridized with 5 gl (20 ng) of digoxigenin-dUTP labeled

cDNA probe and washed as previously described. Prehybridization and hybridization

solutions contained 5 X SSC, 5% (w/v) blocking reagent (Boehringer Mannheim),

0.1% (w/v) N-lauroylsarcosine Na-salt, 0.02% (w/v) SDS and 50% deionized

fonnamide (Sigma).

Immunological Detection of Membrane-bound cDNA

After the last stringency wash, the membranes were treated as follows. They
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were washed for 1 minute in buffer 1 (100 mM Tris-HQ, 150 mM NaC1, pH 7.5),

incubated for 30 minutes in buffer 2 (0.5%, w/v, blocking reagents in buffer 1) and

washed again briefly in buffer 1. The antibody-conjugate was diluted to 150 mU/m1

(1:5000) in buffer 1 and the membranes were incubated in 20 ml of the diluted

antibody-conjugate solution for 30 minutes. The membranes were washed 2 X 15

minutes in buffer 1, equilibrated for 2 minutes in buffer 3 (100 mM Tris-HO, 100

mM NaCl, 50 mM MgCl2, pH 9.5) and then incubated in 10 ml of color solution in

a Seal-a-Meal bag and kept in the dark for 1 day. Color solution was freshly

prepared by adding 45 Al of nitroblue tetrazolium salt (NBT-solution) and 35 Al of

5-bromo-4-chloro-3-indolyi phosphate (X-phosphate-solution) (both from Boehringer

Mannheim) to 10 ml of buffer 3. All the incubations were performed at room

temperature and except for the color reaction with shaking or mixing. The results

were documented by photocopying the wet membrane or by photography.

Enhanced Chemiluminescence Method

The cDNA probe was labeled by nick translation as previously described for the

chemiluminescence method.

Triplicate samples of Giardia cDNA were spotted on the three different

hybridization membranes. The hybridization transfer membranes were air dried,

baked, prehybridized, hybridized with 5 Al (20  Mg) of biotinylated cDNA probe and

washed as previously described.
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Procedure for Detection of the Hybridized Biotinylated cDNA for Enhanced
Chemiluminescence

After the stringency washes, the still-wet membranes were incubated in 1 X

phosphate buffered saline (PBS) containing 2% bovine serum albumin (BSA) and 1%

triton X-100 for 30 minutes at 37°C. Streptoavidin-horseradish peroxidase (hrp)

conjugate (BRL, Gaithersburg, MD) was diluted 1:250 in 1 X PBS containing 1%

BSA. The membranes were immersed in 20 ml of hrp complex for 30 minutes at

37°C and then washed 3 X 5 minutes in high-salt buffer (0.5 M NaC1, 10 mM

phosphate buffer, pH 6.5, 0.1% BSA, 0.5 ml/L Tween 20). Substrate solution for

horseradish peroxidase was prepared by adding 10 mg of p-Iodophenol (Eastman

Kodak) dissolved in 1 ml of Dimethyle Sulfoxide (Eastman Kodak) to 100 ml of TBS

buffer ( 500 mM NaC1, 20 mM Tris pH 7.5, 1M Ha) pH 7.5, and then 40 mg of

luminol (Eastman Kodak) was added. The membranes were immersed in the above

substrate solution for 1 minute at room temperature. The wet membranes were

sealed in a Seal-a Meal bag and autoradiographed as previously described.
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RESULTS

Liberation of Nucleic Acids from Giardia cysts

The detection of Giardia genomic DNA and/or ribosomal RNA by DNA:DNA

or DNA:RNA hybridization necessitates the liberation of nucleic acids from Giardia

cysts. Six different treatments were tested for liberating or exposing nucleic acids

directly from cysts, to determine the most efficient procedure of nucleic acid

extraction from Giardia cysts, for assay by the gene-specific probe.

Six different enzymes, listed in Table 1, were selected for enzymatic digestion of

the Giardia cyst cell wall to release nucleic acid present in each cyst. The data

outlined in Table 1 shows a higher efficiency of lysis of intact cysts when enzymes are

used in combination. The highest number of lysed cysts (61%) was achieved when

cellulase was combined with collagenase at 37°C for 3 hours. Increasing the

temperature of incubation from 37°C to 45°C increased the lysis from 60 to 81%

(Table 3). Addition of proteinase K to the mixture of cellulase, collagenase and

Giardia cysts increased the efficiency of lysis to 94% at 45°C. Proteinase K digestion

of the samples seems effective for a better digestion of the cell wall (Tables 2 and 3).

Giardia cysts enumeration were performed by immunofluorescence microscopy before

and after digestion.

Due to the long incubation period for previous methods of nucleic acid extraction,

as well as the lack of detectable signals by hybridization assay, deionized formamide

and/or chloroform extraction were performed. These extraction methods were done
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Table 1

Enzymatic digestion of Giardia cyst wall for hybridization assay

Enzymes' Percent reduction of intact cysts

Cellulase 5 - 10

Chitinase I 0 - 5

Chitinase II 0 - 5

Collagenase 5 - 10

B-Galactosidase 0 - 5

Proteinase K 0 - 5

Cellul. + Chitin. II 30

Cellul. + B-Galact. 41

Collag. + Cellul. 61

Cellul. + B-Galact. + Chitin. II 42

Collag. + B-Galact. 39

Conag. + Chitin. II 18

Chitin. I + B-Galact. 35

Chitin. H + B-Galact. 26

1 Giardia cysts were incubated for 1 to 3 hours at 37°C for enzymatic digestion.
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Table 2

Lysis of Giardia cyst wall by different enzyme combinations

Enzymes	 Percent reduction of intact cysts 1 

Cellulose + Collagenase2 	94

Chitinase I + B-Galactosidase2 	85

Cellulase + B-Galactosidase 2 	45

1 Giardia cysts were incubated for 3 hours at 45°C.
2 The mixture were digested by proteinase K for an additional 30 minutes at 65°C.
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Table 3

Effect of temperature on Giardia cyst cell wall digestion

Enzymes	Percent reduction of intact cysts

	

Before proteinase K	 After proteinase K2

37°C	 45°C	 37°C	 45°C

Cellulase + Collagenase l 	60	 81	 58	 94

1 The samples were incubated for 3 hours.
2 Proteinase K digestion was for 30 minutes at 65°C.
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at room temperature, 65°C and 85°C (Table 4). The best result for hybridization

assay were obtained using 50% formamide at 65°C. Formamide at 50%

concentration, at room temperature or 65°C, did not cause non-specific binding of

the probe to the hybridization membrane. Spotting a sample containing Giardia cysts

with 50% formamide at 65°C followed by quenching in ice gave similar results to

applying hot Giardia sample to the nylon membrane. Increasing the time of heating

from 5 to 10 minutes did not improve the sensitivity of detection. The use of 50%

hot (65°C) deionized formamide resulted in detection of one Giardia cyst per 1 ml

of sample. The use of higher temperature (85°C) in combination with 50%

formamide reduced the sensitivity by one order of magnitude. Formamide is a

denaturant of RNA and we did not observe a difference in binding efficiency of

nucleic acid to Gene Screen Plus in the presence or absence of this organic substance

when present in samples. It is less toxic than chloroform and did not dissolve the

nylon hybridization membrane. Addition of chloroform to formamide for extraction

of Giardia nucleic acids lowered the sensitivity of the detection two or three orders

of magnitude in hybridization assay. Chloroform extraction at three different

temperatures did not liberate nucleic acids of the cysts. However, neither 50%

formamide nor 50% chloroform in a sample gave indication of non-specific binding

of the cDNA probe to nylon membrane in negative controls.

The use of glass beads in combination with proteinase K for disrupting Giardia

cyst wall was explored. Glass beads were chosen for mechanical disruption of the
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Table 4

Lysis of Giardia cyst wall by formamide and/or chloroform for hybridization assay

Number of Giardia cysts

Sample Treatmemt 104 103 	102 	101 	10° 10-1

Formamide Extraction + + + +

Chloroform Extraction

Forma. + Chloro. Ext.

Formamide + Heat i + + +

Chloroform + Heat2

Forma. + Chloro. + Heat3

Formamide + Heat4 + +

Chloroform + Heat4

Forma. + Chloro. + Heat4 + +

Negative Control (50% forma.) - ND5 ND ND
Negative Control (50% Chloro.) - ND ND ND

1 Samples were heated for 5 min
2 Samples were heated for 5 min
3 Samples were heated for 5 min.
4 Samples were treated as above
5 Not Determined.

•at 65°C, in 50% formamide.
•at 65°C, in 50% chloroform.
at 65°C, in 25% formamide and 25% chloroform.
but at 85°C.
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Giardia cell wall to liberate nucleic acids trapped in the cysts. Due to the collision

of beads and Giardia cysts during agitation of the tube, cyst walls were physically

damaged and the inner material was released. The incubation of the mixture at 65°C

in the presence of proteinase K preserves the nucleic acids. Furthermore, proteinase

K degrades ribosomal proteins, resulting in the release of ribosomal RNA. To

determine the most efficient glass bead size for breaking cysts, three different sizes

from 106 microns to 600 microns were evaluated (Table 5). In addition, the 300

micron size beads were broken by grinding action to generate sharper edges for

better cutting of cyst walls, the glass beads with a diameter of 106 microns were not

effective in the release of nucleic acid. This could be due to insufficient impact on

Giardia cysts during collision. The highest sensitivity was achieved using intact 300

microns glass beads. The broken 300 micron glass beads, as well as the 600 micron

beads were not as efficient in the release of nucleic acid from the cysts. Microscopic

examination of the beads, revealed the greatest number of sharp edges in the intact

300 micron beads. The 106 micron beads size were very small and contained some

powder-like glass particles, the broken 300 micron beads looked similar to the 106

micron beads and the 600 micron were more defined in shape with less sharpness at

the edges. The effect of time on disruption of Giardia cysts was also evaluated

(Table 6). It appears 1 to 3 minutes by 300 microns is not enough for optimal

release of nucleic acid. The best results were obtained by the continuous grinding

action of cysts for 5 to 10 minutes. Environmental samples may contain large debris
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Table 5

Effect of glass bead diameter on the breakm• gl of Giardia cyst
wall for hybridization assay

Number of Giardia cysts

Glass beads size	 104 103 102 10 1 100 104

106 microns and finer	 +

212-300 microns	 +	 +	 +	 +	 +

212-300 microns (ground)2 	+	 +	 +	 +

425-600 microns	 +	 +	 +	 +

1 Agitation time was 10 minutes.
2 The 212-300 microns glass beads were broken by grinding action.
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Table 6

Effect of agitation time on glass bead' breakage of Giardia cyst wall
for hybridization assay

Number of Giardia cysts

Agitation Time (minutes) 104 103 	102 	101 	100 104

1 + -

3 + + +

5 + + + + +

10 + + + + +

30 + +

1 The 212-300 microns glass beads were used in these assays.
2 The agitation was performed in presence of proteinase K.
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as well as microorganisms larger in size than Giardia, for example some surface water

samples contained large numbers of algae. Ten minutes agitation time was chosen

for this method to ensure release of all cyst nucleic acid even in the presence of large

debris.

The data outlined in Table 7 shows the efficiency of the 6 different treatments

for liberating or exposing the nucleic acid directly from the cysts for assay by the

gene-specific probe method.

The enzyme digestion method for disrupting Giardia cysts was inefficient for

extraction of nucleic acids as evaluated by the hybridization assay. No positive signals

were detected by this method. Examination of the enzyme digested cysts by

immunofluorescence microscopy revealed that 94% of the cysts were opened by a

combination of cellulase, collagenase and proteinase K enzymes at 45°C (Table 2).

The inefficiency of nucleic acid extraction may be due to the presence of

contaminating ribonucleases in fecal material and also impurity of cellulase and

collagenase may have contributed to degradation of nucleic acids released from the

cysts during the long incubation step (3 hours) required for complete digestion of cyst

cell walls.

Although the baking procedure was the simplest it would not be applicable to

unpurified samples. Water concentrates that contain fecal material or other debris

would not efficiently filter through a nylon membrane. It was also noticed that during

prehybridization, the accumulated material on the membrane came off and floated
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Table 7

Comparison of different treatments for the liberation of nucleic acids from
Giardia cysts for hybridization assays

Number of cysts reacting with the cDNA probe

68

- n••

Purified 1 Unpurified2

Sample treatment 	 104  103 102 101 100 104  103 102 101 100

1. Enzyme digestion M 1...

2. Baking of sample 	 +	 +	 +	 -

3. Phenol-chloroform	 +	 +	 - n•• +	 +-

4. Fonnamide	 +	 +	 +	 +	 + +	 + + + +

5. French press	 + -

6. Glass beads method	 +	 +	 +	 +	 + +	 + + +	 +

7. Freeze & thaw	 +	 +	 +	 +	 + +	 +++  +

1 The cysts purified on a cesium chloride gradient.
2 The cysts in gerbil feces.
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in the solution resulting in loss of the sample. The minimum number of cysts which

could be detected by this method was 102 cysts/m1 in the purified sample.

The direct phenol-chloroform extraction was capable of detecting 103 cysts/nil in

the purified cyst samples. However, for unpurified samples, the complete extraction

had to be repeated two to three times, to ensure removal of the denatured proteins.

This tedious procedure resulted in a greater loss of the nucleic acids. Also any

residual phenol-chloroform in the aqueous sample will cause shrinking and melting

of the nylon membrane as well as damage to the dot-blot apparatus.

Between 1 and 5 cysts/nil were detected from both purified and unpurified cyst

preparations using hot, deionized formamide for extraction of nucleic acids. The

nylon membrane and dot-blot apparatus were not affected by the 50% formamide

present in the sample. Therefore, the nucleic acid enriched supernatant recovered

from purified or unpurified samples was spotted directly onto the hybridization

membrane. This method of sample preparation was efficient and quick compared

to the phenol-chloroform extraction method. The efficiency of the extraction method

for either purified or unpurified cyst preparations was similar as determined by the

hybridization assay, however the procedure was inconsistent, occasionally resulting in

detection of between 10 to 100 cysts.

The French Press method detected 103 purified cysts/ml. This method was time

consuming and approximately 1/3 of the 1 ml sample volume was lost during

processing.
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Disruption of Giardia cysts by vigorous agitation with glass beads or freeze and

thaw method resulted in a consistent and reproducible method for extracting cyst

nucleic acids in purified and unpurified Giardia cyst preparations, with detection

limits of 1 to 5 cysts/ml. These extraction methods would eliminate the purification

steps for processing water samples, which offers a distinct advantage over the current

methods for microscopic detection of Giardia cysts in water.

Figure 2 outlines the treatment of the dilutions of Giardia cysts for detection by

32P labeled cDNA probe. Briefly, dilutions of Giardia cysts were treated with

proteinase K (100 mg/m1) at 65°C for 30 minutes after 10 minutes of vigorous

agitation in presence of glass beads. The dilutions were spotted onto Gene Screen

Plus hybridization membrane and then the Giardia nucleic acids were covalently

bound to the membrane by baking in a vacuum oven for two hours. The membrane

was then incubated at 52°C for 3 hours in a prehybridization solution and was then

hybridized with the 32P labeled cDNA probe for 24 hours, washed three times and

then autoradiographed.

The result of dot-blot hybridization assays between the Giardia-specific cDNA

probe and nucleic acids from other protozoa, parasites, yeast and bacteria listed in

Table 8 indicated that there was no detectable cross hybridization between this cDNA

probe and nucleic acid of these microorganisms.

The specificity of the cDNA probe within the genus Giardia was examined. Cysts

from Giardia lamblia the species which infects humans, and from G. muris the
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Figure 2. Treatment of Giardia cysts and procedures of nucleic acids detection by
radiolabeled probe.
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Table 8

Evaluation of specificity of the Giardia-specific cDNA probe with
a variety of different microorganisms

Reaction with the cDNA probe2Microorganism l

Cryptosporidium muris (oocysts)

Cryptosporidium parvum (oocysts)

Entamoeba histolytica (cysts)

Trichomonas vaginalis (trophozoites)

Trichomonas foetus (trophozoites)

Ascaris lumbricoides (ova)

Ascaris suum (ova)

Hymenolepis nana (ova)

Clonorchis (ova)

Hookworm (egg)

Saccharomyces cerevisiae

Candida albicans

Escherichia coui XL1-Blue (Stratagene)

Escherichia coui (ATCC 15597)

Pseudomonas aeniginosa (ATCC 27853)

..

1 104 microorganisms.
2 32P labeled cDNA probe.
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species which infects mice were reacted with the probe using the formamide and glass

bead procedure. Triplicate dot-blots were spotted with nucleic acid from Giardia

lamblia and G. muris and each was hybridized to one of the following; 32P-labeled

isolated Giardia cDNA segment, and 32P-labeled M13mp18 with the Giardia segment

and the vector alone, 32P-labeled M13mp18. The results for both extraction

procedures were the same. The data in Table 9 and Figure 3 demonstrates that the

M13mp18 vector (phage DNA) does not hybridize to Giardia nucleic acid but both

species reacted with the probe with equal sensitivity.

Different isolates of Giardia from the trophozoite stage from humans, beavers

and bird were also examined. The cDNA probe reacted with all isolates but with

varying sensitivities. Generally the probe was able to detect 100 trophozoites (Table

10). The highest degree of sensitivity was obtained using extracts of trophozoites

from two human isolates. The sensitivity obtained from the bird isolate was the

lowest, 100 fold less than the human isolates.

Diethyl pyrocarbonate has (DEPC) been demonstrated its ribonuclease-inhibiting

properties (Ehrenberg et al., 1976; Mendelsohn and Young, 1978). Proteinase K,

which inactivates RNase, has also been used as an inhibitor (Wiegers and Hilz, 1971).

To evaluate RNase inhibiting activity of DEPC in Giardia contaminated samples,

different concentrations of the inhibitor were added to the samples and then assayed

by the hybridization procedure. DEPC was added to the Giardia samples in a 10%

solution or directly from the bottle before breaking the cysts open with glass beads.
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Table 9

Reaction of the cDNA probe with nucleic acids from Giardia cysts

Probe	 Species

Segment alone	 Giardia lamblia
Giardia muris

Segment + Vector Giardia lamblia
Giardia muris

Vector alone	 Giardia lamblia
Giardia muris

Number of cysts' reacting
with the cDNA probe

io3 102 101 100

+ + + + +
+ + + + +

+ + + + +
+ + + + +

1 Cysts were treated with glass bead method.
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Figure 3. Autoradiogram of dot-blot analysis of possible cross hybridization of M13
vector with Giardia target nucleic acids. A. M13 vector with the Giardia insert was
used as the probe. The cDNA probe (10 ng to 0.1 ng) was used as positive control.
The specificity and sensitivity of the cDNA probe is the same for G. lamblia and G.
muris. B. Giardia segment alone was used as the probe. The positive signals
indicated the same sensitivity and specificity for G. lamblia and G. muris for this
probe. C. M13 vector was used as the probe. No signals was an indication of no
cross hybridization between the M13 probe and Giardia nucleic acids.
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Table 10

Reaction of the Giardia-specific probe with different
isolates of trophozoites

Number of trophozoites 1 reacting
with the cDNA probe 

Giardia isolate 104 103 102 101 100

Human isolate 1 + + + +

Human isolate 2 + + +

Human isolate 3 + + + +

Human isolate 4 + + +

Beaver isolate 1 + + + ..

Beaver isolate 2 + + +

Bird isolate 1 + +

1 Nucleic acids were extracted with the glass bead procedure.
Note: Isolates 1 through 6 are G. duodenalis type and isolate 7 is G. ardeae.
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One thousand cysts were detected by hybridization assay when 1% or 10% of the

solution was added to the total volume in a sample. In addition, proteinase K was

added to a sample containing 10% DEPC solution. The sensitivity obtained was one

order of magnitude higher than when DEPC solution is added. Pure DEPC seems

to be more effective than DEPE dissolved in the 10% solution. DEPC seems to

cause some non-specific binding of the cDNA probe to the membrane. However,

during boiling of the sample for hybridization assay, most of the DEPC is broken

down to carbon dioxide and ethanol. Addition of DEPC to samples did not increase

the sensitivity of the assay (Table 11). To further characterize the efficiency of

preserving Giardia ribosomal RNA in fecally contaminated and non-contaminated

samples, poliovirus genomic RNA was used as a model. The virus was diluted in

dH20 and treated with proteinase K with and without SDS present in the samples.

In addition, NaC1 was added to the samples after proteinase K digestion to

precipitate SDS for minimizing binding efficiency of nucleic acids to the positively

charged nylon membrane. The sensitivity obtained from the poliovirus diluted in

dH20 was the same as dilutions in fecal material. The data are presented in Table

12 and Figure 4. Addition of SDS to the sample lowers the sensitivity by two orders

of magnitude. The decrease in the sensitivity could be due to SDS present in the

sample. This detergent lowers the binding efficiency of the nucleic acids to a

positively charged membrane. It seems that NaC1 did not efficiently remove SDS

present in the sample.
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Table 11

Evaluation of diethyl pyrocarbonate (DEPC) as a RNase inhibitor for the
detection of Giardia cysts with cDNA probe

Number of Giardia cysts

Sample Treatment 104 103 	102 	101 	100 10-1

1% DEPC solution' + +

10% DEPC solution' + +1-

10% DEPC solution" + + +
+ Proteinase K

0.1% DEPC3 + + +1-

0.5% DEPC3 + + +/-

1% DEPC3 + + +

No DEPC solution +

Negative control +1-
(10% DEPC solution)

1 A 10% DEPC solution was made in 50% ethanol and 50% dH2O.
2 Giardia cysts were opened by agitating with glass beads for 10 minutes.
3 DEPC was directly added to the samples before breaking open of the cysts.
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Table 12

Evaluation of preserving RNA from degradation in fecally contaminated and
non-contaminated sample, by using poliovirus RNA as a model

Viral dilution

Poliovirus

Diluted in dH20 1

Diluted in dH202

Seeded in fecal sample3

Treatment 	1:1	 1:5	 1:25 1:125 1:635 1:3125

Proteinase K +	 +	 +	 +	 +	 +

Proteinase K +	 +	 +	 +/-
SDS + NaC1

Proteinase K +	 +	 +	 +
SDS

Proteinase K +	 +	 +	 +	 +	 +

Proteinase K +	 +	 +
SDS + NaCI

Proteinase K +	 +	 +	 +/-
SDS

Diluted in dH203

Seeded in fecal * sample l

Seeded in fecal sample2

1 The samples were treated with proteinase K for 30 minutes at 65°C.
2 The samples were treated with proteinase K in presence of SDS for 30 minutes at

65°C and then NaC1 was added to precipitate SDS present in the sample.
3 The samples were treated with proteinase K in presence of SDS for 30 minutes at

65°C.
* 0.2 ml of gerbial fecal material was added to 0.8 ml of polio sample and then

diluted in dH20.



1:1 1:5 1:25 1:125 1:625 1:3125 1:15625

cDN

Polio

Polio + SDS + NaCI

Polio + SDS

Polio'

+ SDS + NaC1

Polio' + SDS

Polio no treatment

1 0.2 ml of gerbil fecal material was added to 0.8 ml of
the poliovirus sample.

NaCI: 20 gl of 2 N NaC1 was added to 1 ml of the sample.

All the samples were treated with proteinase K at 65 °C for
30 minutes, with the exception of the sample labeled "Polio
no treatment".

Reaction buffer for proteinase K: 0.01 M Tris (pH 7.8),
0.01 M EDTA, and 0.5% SDS.

Figure 4. Autoradiogram of dot-blot analysis of RNA degradation in fecally
contaminated and non-contaminated sample by using poliovirus RNA as a model.
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Detection of Giardia Cysts in Environmental Samples

Environmental concentrates from sewage effluent and surface waters were

examined with the Giardia specific cDNA probe. In addition the samples were

screened for Giardia cysts using an immunofluorescent technique. Figure 4 outlines

the two different methods of detection of Giardia cysts in water. The column on the

left outlines the steps involved in a cDNA probe detection of the cysts in

concentrated sample. The column on the right outlines the steps involved in the

immunofluorescence detection of the cysts in water. This technique requires the

purification of the sample before antibody tagging of the Giardia cysts due to

interference of debris present in the sample with the staining procedure as well as

high fluorescence background. In addition, big particles may mask stained Giardia

cyst during microscopic examination.

Eleven sewage samples out of 16 were positive for hybridization with the cDNA

probe (Tables 13 and 14 and Figure 6). Fourteen out of the 16 sewage samples were

positive by imrnunofluorescent technique. Two of the samples were negative for

hybridization assay as well as no cysts were detected by immunofluorescent method.

All sewage samples were secondary or tertiary treated samples and stored in 10%

formalin after the processing.

Five surface water samples out of 12 were positive for presence of Giardia by

hybridization assay (Table 15 and Figure 7) and only in two of the samples were

Giardia cysts detected by the immunofluorescence method. Six of the samples were
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Detection of Giardia Cysts in Water

Gene-specific Probe 	Immunofluorescence

Concentrated Sample

DNA/RNA Extraction	 Homogenizing

V

Spot Nucleic Acid to	 Sonication
Hybridization membrane

Floatation
Bake	 (density gradient)

Prehybridization	 Filtration

V

Hybridization with Labeled Probe	 Antibody Tagging

Membrane Washes 	 Microscopic Examination
(UV microscopy)

Autoradiography

Figure 5. Flow diagram showing the two methods used for detection of Giardia cysts
in water.
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Table 13

Detection of Giardia cysts in secondary sewage effluent by cDNA 1
hybridization and immunofluorescence (IF)

Sample dilution

Sample Codes	 10° 10-1 le 10-3 le	 IF

1. PHX-13	 +	 +	 -	 ND5
2. PHX-13 (floated)2 	+	 +	 +	 35

3. PHX-17	 +	 +	 -	 ND
4. PHX-17 (floated)	 +	 +	 49

5. PHX-19	 +	 +	 +	 ND
6. PHX-19 (floated)	 +	 +	 -	 61

7. UAS-15	 +	 +	 +	 ND
8. UAS-15 (floated)	 +	 +	 -	 24

9. PI-10	 ND
10. PI-10 (floated)	 0

11. PLS-4
	

ND
12. PIS-4 (floated)
	

2

Negative Controls

10% Formalin3 	0

Potassium citrate2 	0

1% SDS/Tween 802 	+	 +	 -	 0

Table 13 is continued in next page.
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Table 13 continued.

Sample dilution

Negative Controls	 10° 104 10-2 le 104 	IF

PBS	 -	 0

Distilled water	 0

Fecal Material4 	0

1 32P labeled cDNA probe.
2 Sample clarified using a potassium citrate density gradient.
3 Environmental samples were stored in a 10% formalin solution.
4 Giardia cysts were filtered out from gerbil fecal material.
5 Not determined. Giardia cysts can not be enumerated without floatation by IF.



85

Table 14

Detection of Giardia cysts in secondary sewage effluent by cDNA1
hybridization and immunofluorescence (IF)

Sample dilution 

	10 0 	104 10-2 10-3 104 	IF

ND5
10

ND
5

+ +	 ND
7

+ + +	 ND
17

+ + +	 ND
+ +	 21

+ ND
5

+ +	 ND
2

+ +	 ND

Sample Codes

1. INA-11
2. INA-11 (floated)2

3. INA-14
4. INA-14 (floated)

5. INA-28
6. INA-28 (floated)

7. INA-29
8. INA-29 (floated)

9. RR-45
10.RR-45 (floated)

11.RR-49
12.RR-49 (floated)

13.RR-50
14.RR-50 (floated)

15. RR-52
16.RR-52 (floated)	 1

17. RRP-12	 -	 -	 -	 ND
18. RRP-12 (floated)	 -	 0

Table 14 is continued in next page.
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Table 14 continued.

Sample dilution

Sample Codes 10° 104 	10-2 	i0 IF

19.RRP-9 + + ND
20.RRP-9 (floated) 1

Negative Controls

10% Formalin3 0

Potassium citrate2 0

1% SDSrfween 802 + + 0

PBS 0

Distilled water 0

Fecal Material4 0

1 32P labeled cDNA probe.
2 Sample clarified using a potassium citrate density gradient.
3 Environmental samples were stored in a 10% formalin solution.
4 Giardia cysts were filtered out from gerbil fecal material.
5 Not determined. Giardia cysts can not be enumerated without floatation by IF.



cDNA

PHX-13

* (F)

PHX-17

* (F)

PHX-19

* (F)

UAS-15

* (F)

10% Fonnalin

Fecal Material

Potassium Citrate

PBS

Distilled Water
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Figure 6. Autoradiogram of dot-blot hybridization assay for the sewage effluent
samples.
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Table 15

Detection of Giardia cysts in surface water by cDNA 1
hybridization and immunofluorescence (IF)

Sample dilution

Sample Codes	 10° 104 10-2 le 104 	IF

1. CDM-1	 ND5
2. CDM-1 (floated)2 	0

3. CDM-2	 -	 ND
4. CDM-2 (floated)	 0

5. CDM-3	 ND
6. CDM-3 (floated)	 0

7. CDM-4	 ND
8. CDM-4 (floated)	 0

9. CDM-5	 -	 ND
10. CDM-5 (floated)	 0

11. CDM-7	 +	 ND
12. CDM-7 (floated)	 0

13. CDM-8	 +	 ..	 _	 ND
14. CDM-8 (floated)	 -	 -	 0

15. CDM-12	 +	 +	 +	 +	 ND
16. CDM-12 (floated)	 +	 +	 4

17. CDM-17	 +	 +	 -	 ND
18. CDM-17 (floated)	 1

Table 15 is continued in next page.
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Table 15 continued.

Sample dilution 

Sample Codes
	

10° 10-1 10-2 10-3 104 	IF

19. MWD-14	 -	 ND
20. MWD-14 (floated)	 0

21. MWD-15
	

+	 ND
22. MWD-15 (floated)	 -	 0

Negative Controls 

10% Formalin3

Potassium citrate2

1% SDS/Tween 802

PBS

Distilled water	 ..

Fecal material4

1 32P labeled cDNA probe.
2 Sample clarified using potassium citrate density gradients.
3 Environmental samples were stored in a 10% formalin solution.
4 Cysts were filtered out from gerbil fecal material.
5 Not determined. Giardia cysts can not be enumerated without floatation by IF.
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Figure 7. Autoradiogram of dot-blot hybridization assay for the surface water
samples.
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negative for hybridization assay as well as no cysts were detected by

immunofluorescent method. The sewage originated from a community of 600,000

(Appendix A). The surface waters were rivers with no sewage discharges (Appendix

A). One ml of the pellet recovered from the filters was directly treated and/or

another 1 ml of the pellet was first clarified by potassium citrate density gradient and

the samples were assayed using the cDNA probe. Nucleic acids were extracted from

each sample along with 10 fold dilutions, using the glass bead procedure. A

monoclonal antibody directed against Giardia cysts (Meridian Diagnostics, Cincinnati,

OH) was used in an indirect immunofluorescence procedure to stain samples after

clarification, and filtration through membrane filters (13mm, 5.0 Aim porosity) as

previously described (Rose et al., 1989). Filters were examined using epifluorescence

and cysts enumerated. Giardia cysts can not be enumerated without floatation.

Between 100 and 400 L of water were collected originally and the equivalent of

0.2 to 226 L of the concentrated pellet was examined. For the cDNA probe the

equivalent volume equal to one ml of pellet was processed along with ten-fold

dilutions. For immunofluorescent detection between 2 and 10 ml of pellet were

processed and examined, representing between 40 and 300 liters of the original

sample. Positive results were observed for all wastewater samples and in one surface

water sample. Table 16 shows that positive signals were observed in unfloated

samples at ten fold greater dilutions than after flotation. It appeared that gene probe

detection was slightly more sensitive than microscopic detection of Giardia cysts for
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wastewater samples. In one surface water sample no positive results were found by

the cDNA probe or immunofluorescence.

Non-radioactive Detection of cDNA and Giardia Cysts in Water

Three non-radioactive labeling procedures, chemiluminescence (Figure 8),

enzyme-linked immunoassay (Figure 9) and enhanced chemiluminescence, were

evaluated for their ability to detect Giardia nucleic acids in water.

Chemiluminescence (Tropix) appeared to perform better than the other two

procedures in regard to sensitivity of detection and in comparing non-specific

background on a X-ray film. The results are shown in Tables 17, 18, 19 and Figures

10, 11, 12, 13, 14 and 15 which indicate the highest sensitivity was obtained by using

the MagnaGraph membrane for hybridization assay, this was followed by Tropilon

and then by Gene Screen Plus. The sensitivity obtained using chemiluminescence

method of DNA detection by Tropix on MagnaGraph membrane (MSI) was the same

as 32P labeled cDNA probe (Table 20). Figure 16 shows a schematic presentation

of nucleic acid detection by radiolabeled cDNA probe versus non-radiolabeled cDNA

probe. The results in Table 21 outlines the sensitivity obtained using

chemiluminescence method on MagnaGraph membrane. The same sensitivity was

found in a 3 minutes and 1 hour exposed time for autoradiography.
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Figure 8. Schematic showing non-radioactive DNA labeling and detection by
chemiluminescence method (Tropix).
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Figure 9. Schematic showing non-radioactive DNA labeling and detection by enzyme-
linked immunoassay method (Boehringer Mannheim).
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Table 17

Evaluation of ultraviolet crosslinking and baking for binding of Giardia
cDNA1 to membranes for 32P labeled probe

cDNA dilution

Membrane 	Treatment 	Div ILI 100pg 10pg lps 0.1pg 10fg

MagnaGraph	 UV Crosslink2 +	 +	 +	 +	 +	 +
Bake3 	+	 +	 +	 +	 +

Tropilon	 UV Crosslink +	 +	 +	 +	 +
Bake	 +	 +	 +	 +	 +

Gene Screen Plus UV Crosslink +	 +	 +	 +	 +
Bake	 + + +	 +	 +	 +

1 The cDNA probe was labeled with 32P.
2 UV crosslinked for 3 minutes.
3 Baked at 80°C for 2 hours.

..

-

..



Tropilon

32P labeled cDNA probe.
Baked at 80°C for 2 hours.
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Figure 10. Autoradiogram of slot-blot of Giardia cDNA hybridized with the Giardia-
specific probe labeled with 32P. The three nylon membranes were baked at 80°C for
2 hours. The highest sensitivity obtained was 0.1 pg of DNA on the Gene Screen
Plus membrane.
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cDNA
10 ng

1 ng

100 pg

10 pg

1 pg

0.1 pg

10 fg

Tropilon

32P labeled cDNA probe.
UV cross linked.

Figure 11. Autoradiogram of slot-blot of Giardia cDNA hybridized with the Giardia-
specific probe labeled with 32P. The three nylon membranes were UV crosslinked
for 3 minutes. The highest sensitivity obtained was 0.1 pg of DNA on the
MagnaGraph membrane.
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Table 18

Evaluation of ultraviolet crosslinking and baking for binding of Giardia
cDNA1 to membranes for enzyne-linked immunoassay method

cDNA dilution

Membrane 	Treatment 	EL gn k_gi lftg 10pg lp_g 0.1pg 101g

MagnaGraph	 UV Crosslink2 +	 +	 +	 +	 +
Bake3 	+	 +	 +	 +	 +

Tropilon	 UV Crosslink +	 +	 +	 +
Bake	 +	 +	 +	 +

Gene Screen Plus UV Crosslink +	 +	 +	 +
Bake	 +	 +	 +	 +

1 Enzyme-linked immunoassay method.
2 UV crosslinked for 3 minutes.
3 Baked at 80°C for 2 hours.
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Figure 12. Print of slot-blot of Giardia cDNA hybridized with the Giardia-specific
probe labeled with digoxigenin (Dig-dUTP) for enzyme-linked immunoassay. The
three nylon membranes were baked at 80°C for 2 hours. The highest sensitivity
obtained was 1 pg of DNA on the MagnaGraph membrane.
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Gene Screen Plus	 Tropilon
	

MagnaGraph
cDNA
10 ng

I ng

100 pg

10 pg

I pg

0.1 pg

10 fg

Menlo         

111n11,n1111         

Enzyme immunoassay method.

UV cross linked.

Figure 13. Print of slot-blot of Giardia cDNA hybridized with the Giardia-specific
probe labeled with digoxigenin (Dig-dUTP) for enzyme-linked immunoassay. The
three nylon membranes were UV crosslinked for 3 minutes. The highest sensitivity
obtained was 1 pg of DNA on the MagnaGraph membrane.
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Table 19

Evaluation of ultraviolet crosslinking and baking for binding of Giardia
cDNA1 to membranes for chemiluminescence method

Membrane 	Treatment 1.0_gn

cDNA dilution

0.1pg	 10fg100pg 10pg

MagnaGraph	 UV Crosslink2 + + +	 + + +
Bake3 + + + + +

Tropilon	 UV Crosslink + + + +
Bake + + + +

Gene Screen Plus UV Crosslink + + + +
Bake + + + +

1 Chemiluminescence method of DNA detection.
2 UV crosslinked for 3 minutes.
3 Baked at 80°C for 2 hours.
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Gene Screen Plus
	

Tropilon	 MagnaGraph

Chemiluminescence method.
Backed at 80°C for 2 hours.

Figure 14. Autoradiogram of slot-blot of Giardia cDNA hybridized with the Giardia-
specific probe labeled with Bio-11-dUTP for chemiluminescence method. The three
nylon membranes were baked at 80°C for 2 hours. The highest sensitivity obtained
was 1 pg of DNA on the MagnaGraph membrane.
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Gene Screen Plus	 Tropilon	 MagnaGraph
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Figure 15. Autoradiogram of slot-blot of Giardia cDNA hybridized with the Giardia-
specific probe labeled with Bio-11-dUTP for chemiluminescence method. The three
nylon membranes were UV crosslinked for 3 minutes. The highest sensitivity
obtained was 0.1 pg of DNA on the MagnaGraph membrane.
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Table 20

Evaluation of radioactive and non-radioactive labeled gene-specific probe for
detection of Giardia cDNA by hybridization assay

Amount of cDNA spotted on the membranes

Detection Methods 	1Ctigi WI 100 pg apx _l_p_g Ilia lilfg

32P labelled cDNA probe l + + + + + +

Chemiluminescence2 + + + + + +

Enzyme-linked Immunoassay2 + + + + +

Enhanced Chemiluminescence2 + + + -

1 Gene Screen Plus was the hybridization transfer membrane.
2 MagnaGraph was the hybridiaztion transfer membrane.
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Radiolabeled cDNA probe	 Non-radiolabeled cDNA Probe

DNA/RNA Extraction

Spot Nucleic Acid to
Hybridization Membrane

Bake

Prehybridization

Hybridization with 32P Labeled
cDNA Probe

Stringency Washes
(45 minutes)

Autoradiography
(24-48 hours)

DNA,/RNA Extraction

Spot Nucleic Acid to
Hybridization Membrane

UV Crosslink

Prehybridization

Hybridize with Labeled cDNA Probe
(Bio-11-dUTP for chemiluminscence)
(Dig-dUTP for enzyme immunoassay)

Stringency Washes
(45 minutes)

Series of Membrane Washes
(2-3 hours in 5-30 minutes intervals)

Autoradiography for Chemiluminscence
(1 to 60 minutes)

Colorimetric for Enzyme Immunoassay
(1 to 24 hours)

Figure 16. Schematic presentation of nucleic acid detection by radiolabeled cDNA
probe versus non-radiolabeled cDNA probe.
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Table 21

Evaluation of nylon transfer membranes for hybridization assay with
chemiluminescence method for detection of cDNA

Amount of cDNA spotted on the membranes

Nylon Membrane Type	10 ng l_ng 100 pg 10 pg J_g 0.1 pg 10 fg

MagnaGraph l 	+	 +	 +	 +	 +	 +

Tropilon l 	+	 +

Gene Screen Plus l 	+	 +	 +	 +

MagnaGraph2 	+	 +	 +	 +	 +	 +

Tropilon2 	+	 +	 +

Gene Screen Plus2 	+	 +	 +	 +1-

1 The membranes were exposed for 1 hour for autoradiography.
2 The membranes were exposed for 3 minutes for autoradiography.
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DISCUSSION

Liberation of Nucleic Acids from Giardia Cysts

The cyst of Giardia is the environmentally infectious stage and the development

of approaches for the use of gene-specific probes in environmental samples

necessitates the development of efficient methods for extraction of nucleic acids

directly from the cysts. Those procedures which by-pass purification steps of

environmental concentrates would be advantageous because this would reduce cyst

losses and sample preparation time. Seven approaches for the release of genomic

DNA and ribosomal RNA from Giardia cysts were compared in this study. The

efficiency of nucleic acid extraction for each approach was evaluated by the detection

sensitivity of the cDNA probe in a hybridization assay.

The first approach consisted of lysing the cyst wall by enzymatic digestion.

Examination of these enzyme digested cysts revealed that 94% of the cysts were

broken by using a combination of enzymes. However, no positive signals for

hybridization assay were detected by enzyme digestion method. This procedure is

time consuming and sample preparation period ranges from 4 to 5 hours. In

addition, it appears that the liberated nucleic acids are degraded during the long

incubation step required for complete digestion of the cyst cell wall. The inefficiency

of nucleic acid extraction may be due to the presence of contaminating ribonucleases

in fecal material. Impurities present in the enzyme preparations used in cyst wall

digestion may have also contributed to the degradation of nucleic acids released from
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the cysts. Enzymes that have been used in this procedure are available with greater

purity which may minimize degradation of Giardia nucleic acids.

The second approach, baking, was found to be the easiest way to release Giardia

nucleic acids, but it would not be applicable to unpurified samples. Environmental

water concentrates that contain fecal material or other debris do not efficiently pass

through a hybridization membrane and often clog during sample spotting. It was

noticed that during prehybridization, the accumulated material on the membrane

came off and floated in the solution resulting in loss of the sample. The sensitivity

obtained by this method was 100 cysts/ml in the purified sample.

The third approach, the standard phenol-chloroform extraction method, consisted

of damaging the Giardia cyst wall by successive extractions with the organic solvents

and the removal of proteins. The resulting nucleic acids were then heat denatured

and spotted. Phenol-chloroform extraction is a tedious and time consuming

procedure. Unpurified samples, such as environmental concentrates, may require

several phenol-chloroform extractions before the cell wall is damaged and proteins

have been completely stripped and the ribosomal RNA released. Repeated

extraction may result in a greater loss of the nucleic acids. In addition, due to the

centrifugation step required for separation of the aqueous/organic phases, undamaged

intact cysts are lost from the aqueous phase in the first cycle of extraction. Also, any

residual of phenol-chloroform in the aqueous sample will cause shrinking and melting

of the nylon membrane as well as damage to the dot-blot apparatus. The advantage
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of this procedure over the other methods is that proteins are removed from the

sample, thus decreasing their interference with hybridization (Jing et al., 1986).

However, it has been recently reported that proteins in a sample do not significantly

interfere with the hybridization efficiency of gene-specific probes to target DNA

(Atlas, 1989).

The fourth approach utilized hot deionized formamide to break open the Giardia

cyst wall. Between 1 and 5 cysts/m1 were detected from both purified and unpurified

cyst preparations using hot, deionized formamide for extraction of nucleic acids. The

nylon membrane and dot-blot apparatus were not affected by the 50% formamide

present in the sample. Therefore, the nucleic acid enriched supernatant recovered

from purified or unpurified sample was spotted directly onto the hybridization

membrane. The efficiency of the extraction method for either purified or unpurified

cyst preparations was similar as determined by the hybridization assay, however the

procedure was inconsistent, occasionally resulting in sensitivities of 10 to 100 cysts.

A faint positive signal was detected when 100% formamide was spotted as a negative

control. Formamide present in a sample may increase non-specific binding of the

cDNA probe to a hybridization membrane. However, this non-specific binding of

probe was significantly reduced when formamide was deionized prior to being used

in a sample. This method of sample preparation for hybridization assay was efficient

and rapid compared to the phenol-chloroform extraction method, but the sample

volume is doubled by the addition of an equal volume of formamide. This organic
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solvent helps to protect the rRNA present in a sample and also lowers the melting

temperature of nucleic acids, resulting in denaturing of the secondary structure of the

RNA. This may increase the affinity between the RNA and hybridization membrane

as well as availability of the target RNA for hybridization to the cDNA probe.

The fifth approach consisted of using a French Pressure Cell to break open

Giardia cysts. This method is time consuming and approximately 1/3 of the 1 ml

sample volume is lost during processing. In addition, it requires an expensive piece

of equipment and the pressure cells must be washed after each use to eliminate cross

contamination of samples. This method is not practical when a large number of

samples need to be processed because only one sample can be processed at one time.

The six approach consisted of disruption of Giardia cysts by vigorous agitation

with glass beads. This resulted in a consistent and reproducible method for extracting

cyst nucleic acids in purified and unpurified Giardia cyst preparations, with detection

of between 1 and 5 cysts/ml. This extraction method eliminated the purification steps

for processing water samples, which offers a distinct advantage over the current

methods for microscopic detection of Giardia cysts in water. In addition, the

procedure is inexpensive with a relatively easy sample preparation which make it

possible to process many samples at one time.

The final approach consisted of disruption of Giardia cysts by freezing and

thawing cycles. This is a simple and reproducible method for extracting cyst nucleic

acids on purified and unpurified Giardia cysts preparations. This extraction method
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is exchangeable with the glass beads method for extraction of Giardia cyst nucleic

acids.

The average detection limit of radiolabeled probes is approximately 0.1 pg of

target nucleic acid (Wahl et al., 1987). The ribosomal RNA present in each cyst has

been estimated to be 0.6 pg, excluding chromosomal DNA, and our detection level

is routinely 0.5 to 1 pg of cDNA. The sensitivity of the Giardia-specific probe in this

study has been one to five cyst per 1 ml of sample, which is in the range of the

detection limit reported by Wahl et al. (1987).

The data presented in this study on the possible cross hybridization of the cDNA

probe and other microorganisms commonly found in water, indicates a high specificity

of the ribosomal RNA probe to Giardia target nucleic acids. It would be very time

consuming to test every type of microorganism which might be present in water. This

limited survey, however, demonstrates that the stringency of the hybridization

conditions used are adequate enough to ensure that false positive will not occur with

the organisms tested. The cDNA probe used in our study was derived from a

segment of the 16s-like rRNA and has a G+C ratio of approximately 69%. This high

G+C ratio has a melting temperature (TM) of 74°C in the hybridization buffer used

(Thomas, 1980) with a stringency of TM-22°C (Casey and Davidson, 1977;

McConaughy et al., 1969; Wetmur and Davidson, 1968) which minimizes the

possibility of cross hybridization of the cDNA probe with non-Giardia nucleic acid.

The data presented in this study on various isolates of Giardia from the
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trophozoite stage from human, beaver and bird indicate that they reacted with the

cDNA probe to varying degrees. Species classification within the genus Giardia is ill

defined. Giardia was classified into three species in 1952 (Filiez, 1952), G. muris

found in rodents, G. agilis found in amphibians, and G. duodenalis found in

mammals. The species from humans is also known as G. duodenalis or G. lamblia.

A new species, G. ardeae, has been described in birds (Erlandsen, 1990). The

genetic diversity within the genus Giardia is presently unknown. Probe specificity to

isolates capable of initiating human infections may be desirable in evaluating human

health impacts. However, in evaluating water treatment efficiency, it may be more

desirable to detect any cyst passing the treatment barriers.

When the Giardia cyst nucleic acid is liberated from the cells the nucleic acids

must be protected from DNase/RNase degradation until the sample can be applied

to the hybridization membrane. The combinations of diethyl pyrocarbonate (DEPC)

and proteinase K as well as proteinase K and sodium dodecyl sulfate (SDS) were

evaluated for their ability to inhibit the activity of DNase and RNase. DEPC was

approximately two orders of magnitude less sensitive than proteinase K and is not an

efficient RNase inhibitor under these conditions. DEPC breaks down to ethanol and

carbon dioxide during boiling of the sample before application to the hybridization

membrane. The data from the comparison of preservation of RNA in fecally

contaminated and non-contaminated samples using poliovirus as a model, suggest that

proteinase K will help protect the ribosomal RNA by degrading any RNase present
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in the sample and will also aid in the degradation of the ribosomal RNA proteins.

SDS is also a RNase inhibitor and has been suggested to be used in the proteinase

K reaction buffer (Maniatis et al., 1982). However, because SDS is an anionic

detergent it is likely that the SDS prevents binding of the nucleic acid to positively

charged membranes by neutralizing the charges required for nucleic acid adsorption.

SDS lowers the binding efficiency of nucleic acids to charged membranes and appears

to lower the sensitivity of the system by 100 fold. If SDS could be removed from the

sample prior to spotting, it would be beneficial to prevent degradation of nucleic acid

in the sample during proteinase K digestion as well as during spotting period.

Sodium chloride (NaC1) has been used in some procedures to remove SDS from a

sample (Maniatis et al., 1982). However, precipitation of SDS by NaC1 is not

efficient enough in the conditions for a high adsorption efficiency of nucleic acid to

the hybridization membrane.

Non-specific Binding of cDNA Probe

Non-specific binding of labeled probe to the hybridization membrane cases false

positive signals which can make interpretation of results more difficult. Organic

materials or other contaminants present in a sample can cause non-specific binding

of probe (DuPont Co., 1985). With positively charged nylon membranes this effect

is increased (DuPont Co., 1985). Using high grade purity water for preparation of

all buffers and wash solutions can cause a significant reduction in the non-specific
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binding of probe. Washing of environmental concentrates by centrifugation with high

grade water is easy and practical for Giardia cyst samples prior to processing. This

washing is very helpful for minimizing the non-specific binding of the cDNA probe

to the hybridization membrane. To evaluate and eliminate false positive signals in

data interpretation, a set of Giardia positive and negative samples must be assayed

along with environmental samples. In addition, Giardia cysts can be removed by

centrifugation or filtration from a small volume of each sample and processed and

spotted as a negative control. This serves as a control for any organic material

present in the sample and which may cause non-specific binding of the cDNA probe

to the hybridization membrane.

Prehybridization buffer can play a major rule in reducing non-specific binding of

probe. The use of non-homologous DNA such as salmon sperm DNA in the buffer

will decrease non-specific probe binding. It was noticed that less than 2 hours of

prehybridization results in a higher background noise. A minimum of 3 hours of

prehybridization was sufficient in reducing possible non-specific reaction of probe.

Removing unincorporated labeled nucleotides by chromatography after labeling

of the cDNA probe was found to be helpful in reduction of background noise.

Gene-specific Probe and Immunofluorescence

Comparison of the results for detection of Giardia cyst in environmental samples

by the cDNA probe and immunofluorescence, although very limited in sample
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number, suggest that there is some correlation between the results obtained with the

two techniques. Positive signals were observed in samples without floatation at

dilutions greater than those in which positive signals were observed after floatation.

In two sewage samples cysts were detected by immunofluorescence but not by cDNA

probe. Six surface water samples and three sewage samples were negative by cDNA

probe. This may indicate that there is no non-specific binding of the cDNA probe

to the hybridization membrane. These results suggest that cDNA probe detection of

the cysts is applicable to environmental samples. However, it appeared that cDNA

probe detection was slightly more sensitive than microscopic detection of Giardia 

cysts.

Environmental samples are stored in 10% formalin (3.7% formaldehyde). This

solution appears to be appropriate for storage of samples for both methods of

Giardia cyst detection.

Non-radioactive Labeling of the cDNA Probe

The method of non-radioactive DNA labeling offers several advantages over

radioactive labels such as unlimited shelf life, reduced cost and time of assay, and

elimination of radiation hazard and disposal of waste material. However, detection

of nucleic acids by non-radioactive labeling is more tedious and labor intense. After

the stringency washes of the hybridization membrane for 32P labeled probe, the

membrane is air dried and exposed to a X-ray film. In contrast, the use of non-
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radioactive labels requires, additional washing and incubation steps of the

hybridization membranes for a minimum of 2 to 3 hours at intervals of 5 to 30

minutes.

Use of an appropriate hybridization transfer membrane is imperative to the

sensitivity, background and consistency of the non-radioactive labeling of cDNA

probe assay. The background noise in all three non-radioactive procedures was

higher than the 32P labeling system, regardless of high stringency wash conditions.

It appears that the higher the hybridization membrane affinity for nucleic acid, the

more background noise will result. Out of the three nylon membranes that were

evaluated in this study, Gene Screen Plus is the only one that was positively charged,

and one of the most efficient membranes at binding nucleic acids. However, this

membrane was subject to high background and low sensitivity for non-radioactive

cDNA probe assay. Results of the comparison of the three hybridization transfer

membranes with 32P labeled cDNA probe for sensitivity indicate that there was no

significant difference in the ability of the membranes to adsorb nucleic acids.

Regardless of the high background noise, the positive signals of lower dilutions

were easily detectable on X-ray film. However, this could be an indication of

interference by the blocking buffer used in the non-radioactive labeling procedure,

because of high binding affinity of the membrane for protein conjugate, with

hybridization of cDNA probe to target DNA when positively charged membranes are

used.
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The horseradish peroxidase method of detection appears to need optimization

regarding the enzyme-substrate reaction for better sensitivity. Also, the buffer and

reagents in this method should be modified for better performance. An example of

a potential modification could be the dilution of the enzyme and/or substrate used

in the procedure. Another modification would be the buffers which are used in this

reaction as well as the incubation periods. The possible advantage of this system

over the other two is the lower price, however the saving in this procedure is

minimal.
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CONCLUSIONS

We have developed a simple and efficient method for extraction of nucleic acid

directly from Giardia cysts for dot-blot hybridization and detection using ribosomal

cDNA probes. The extraction procedure enables us to process Giardia-contaminated

samples rapidly and also eliminates the clarification steps required for microscopic

immunofluorescent techniques. The sensitivity of the gene probe technique is

between 1 to 5 cysts in one ml of concentrated sample. The use of a ribosomal

cDNA probe makes it possible to detect these low levels of Giardia which may

commonly be found in water due to the high copy number of rRNA in each of the

two trophozoites per cyst and appears comparable to the immunofluorescence (IF)

system for cyst detection in environmental samples. Although neither the cDNA

probe nor the IF system is able to determine cyst viability, it may be feasible through

the development of gene-specific probe methods to routinely monitor for Giardia cyst

contamination in water supplies, particularly as new non-radioactive labels are

developed for nucleic acid probes.

In addition, we evaluated three non-radioactive labeling procedures

(chemiluminescence, enzyme-linked immunoassay and enhanced chemiluminescence)

and their application to water concentrate samples. Out of the three non-radioactive

detection procedures utilized in evaluation of the non-radioactive labeling procedures,

it appeared that chemiluminescence (Tropix) performed better than the other two

procedures in regard to sensitivity of detection and in comparing non-specific
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background on the X-ray film. The highest sensitivity was obtained by using the

MagnaGraph membrane for hybridization assay, this was followed by Tropilon and

then by Gene Screen Plus. The sensitivity obtained the using chemiluminescence

method of DNA detection on MagnaGraph membrane was the same as 32P labeled

cDNA probe.
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Appendix A

Table 1. Collection data for sewage samples

Sample Source Volume Collection
Code Collected Date

INA-11 Ina Road (WWTP 1),Tucson, AZ 378 7-12-88

INA-14 9 378 10-17-88

INA-28 H 378 11-28-89

INA-29 H 378 12-12-89

RR-45 Roger Road (WWTP 1),Tucson, AZ 378 8-31-89

RR-49 9 378 11-28-89

RR-50 9 378 12-5-89

RR-52 9 378 2-14-90

RR-P-9 Roger Rd (reclamation plant), Tucson, AZ 378 8-21-89

RR-P-11 H 378 10-11-89

PI-1 Pinetop Lakeside (WWTP 1),AZ 337 11-2-89

PLS-4 9 302 11-28-89

PHX-13 City of Phoenix (WWTP1),AZ 378 10-29-90

Table 1 is continued in next page.
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Table 1 continued.

Sample Source Volume Collection
Code Collected Date

PHX-17 City of Phoenix (WWTP 1),AZ 378 10-31-90

PHX-19 ,, 378 11-1-90

UAS-15 VillaJuarez, Culiacan, Sinaloa, Mexico 368 4-27-90

1 Wastewater treatment plant.
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Appendix A

Table 2. Collection data for surface water samples

san_i_p_k Source Volume Collection
Code Collected Date

CDM-1 Lake Priest (reservoir), CA 378 12-6-89

CDM-2 Moccasin (reservoir), CA 378 12-6-89

CDM-3 San Andreas (reservoir), CA 378 12-5-89

CDM-4 Upper Crystal (spring), CA 379 12-5-89

CDM-5 Calaveras (reservoir), CA 378 12-5-89

CDM-7 Crystal Spring (pump station), CA 378 12-5-89

CDM-8 San Antonio (reservoir), CA 379 12-5-89

CDM-12 Synol WTP 1 (raw at pipline), CA 1939 3-7-90

CDM-17 Summit (reservoir), CA 1937 3-8-90

MWD-14 Lake Perris (swiming beach), CA 454 5-24-89

MWD-15 Lake Perris (fishing dock), CA 764 5-29-89

1 Water treatment plant.
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Appendix B

Table 1. Solutions used in chemiluminescent detection of nucleic acids

Conjugate Buffer. To prepare 250 ml (sufficient for one 100 cm2 blot), suspend 0.5g
I-LIGHT Blocking reagent (Tropix) in 200 ml deionized water while strirring on low
heat. Add 25 ml of 10X PBS and stir at 70°C for 30 minutes. Bring up to volume
with deionized H20. The solution may remain cloudy (for use with biotinylated
systems only).

Bloking Buffer. To the above conjugate buffer, add 0.1 ml Tween 20 per 100 ml
conjugate buffer.

Wash Buffer. PBS, 0.3% Tween 20. To prepare 250 ml, add 0.75 ml Tween 20 to
25 ml 10X PBS and add deionized water to 250 ml.

Assay Buffer. 0.1 M diethanolamine, 0.02% sodium azide, 1 mM MgC12, adjust the
pH to 10 with HCI acid.

AMPPD substrate is a direct chemiluminescent substrate for phosphatases. It can be
used to detect alkaline phosphatase or alkaline phosphatase conjugates. AMPPD
Working Solution (0.26 mM): Add 11 Al of AMPPD stock solution per ml of assay
Buffer.
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Appendix B

Table 2. Solutions used in enzyme-linked immunoassay

Buffer 1. 100 mlY1 Tris-HG, 150 mM NaC1, pH 7.5.

Buffer 2. Blocking reagent, 0.5% (w/v) (Boehringer Mannheim) in buffer 1.
Blocking reagent does not dissolve very rapidly, so prepare the solutionl hour in
advance and dissolve at 50-70°C.

Buffer 3. 100 mM Tris-HC1, 100 mM NaC1, 50 mM MgC12, pH 9.5.

Buffer 4. 10 mM Tris-HG, 1 mM EDTA, pH 8.0.

Color Solution (freshly prepared), 45 Al NBT-Solution (Boehringer Mannheim) and
35 Al 5-bromo-4-chloro-3-indoly1 phosphate-solution (Boehringer Mannheim) are
added to 10 ml buffer 3.
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